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Abstract 

In the current study, a series of BaZrxTi1-xO3 (BZT) was synthesized by tartrate precursor 

method, with (x = 0.00, 0.15, 0.50, 0.75, and1) that were then calcined and sintered for four 

hours at 1100°C. In order to describe the structural characteristics of prepared samples, X-ray 

Diffraction (XRD) is used. From the XRD pattern, the tetragonal phase was confirmed. 

Dielectric loss (Tanδ) and the real and imaginary parts of the dielectric constant (ε′, ε′′)  were 

analyzed for their frequency dependency. The results show that at low frequencies, the values 

of ε′, ε′′ and tanδ have high values and rapidly decline with an increase in frequency. So BZT 

materials could have potential applications in the development of high-performance capacitors, 

resonators, filters, and sensors.  The Nyquist plot shows two semicircles; the first one at higher 

frequency shows grain contribution and that at low frequency is grain boundary contribution. 

The decrease in a.c. resistivity with increasing temperature is observed at high temperature 

region indicating that the mobility of charge carriers is thermally activated which lead to the 

decrease of resistivity, so these materials may be suitable for high-temperature applications 

such as power electronics and electrical insulation. The sample x = 0.75 has high dielectric loss 

compared with other samples that assured by the a.c. resistivity whereas the sample x = 0.75 

has the lowest resistivity. The coupling factor (Kp) is used to calculate the electromechanical 

behavior of a piezoelectric resonator which found to decrease by increasing Zr content from 

0.64 to 0.92.  The relationship between Zr content and the coupling factor (Kp) could also be 

useful for optimizing the composition of BZT materials for specific applications requiring high 

coupling. 

Keywords: tartrate precursor method, Cole-Cole diagram, a.c resistivity, Dielectric loss, 

electric modulus, coupling factor. 
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1. Introduction 

In the recent times, the investigation of ferroelectric materials act a great scientifically and 

technologically interests in many applications such as resistive switching [1], catalysis [2] , 

solar cells [3], electro-optic modulators [4], thermal imaging, PTC thermistor [5], capacitors 

[6,7],  insulators , superconductors [8], parametric amplifiers [9], micro-electromechanical 

systems, energy harvesting and thermal sensors [10,11] due to significant physics of 

ferroelectric materials such as dielectric properties. Among these ferroelectric materials, 

BaTiO3 (BT) is considered as the most promising piezoelectric materials which are used for 

many application such as, multilayer ceramic capacitors, piezoelectric transducer device, 

piezoelectric memories, pyroelectric sensors for security systems, cell phones, and 

piezoelectric transducers [12–14]. Various procedures developed to synthesize BT were 

reported in the literature, including electrophoretic precursor technique, deposition, sol-gel, 

hydrothermal synthesis, molecular composite hydroxide mediated and tartrate precursor 

method [15–20]. The characteristics of BT can be efficiently controlled by doping or 

substituting with different elements. Barium zirconium titanate, Ba(ZrxTi1-x)O3 (BZT) is one 

of attractive candidates with great potential as piezoelectric energy harvester. Generally, the 

substitution of Zr elements into B-sites of BaTiO3 perovskite structure induced the lattice 

distortions and promotes a morphotropic phase boundary which is critical for the dielectric and 

piezoelectric properties improvement. However, the nature of phase transitions in 

morphotropic phase boundary region is greatly influence by Zr content. This is because the 

Zr4+ ions are chemically more stable than Ti4+ ions and thus offer greater stability of the BaTiO3 

perovskite unit cell [21-23]. The Zr4+ substitution at Ti-site has been found to be an effective 

way to decrease the Curie temperature and to exhibit several interesting features in the 

dielectric behavior of BZT ceramics [24]. Barium zirconate is one of the widely investigated 

perovskites oxides. The current work aims to prepare BaZrxTi1-xO3 (x = 0, 0.15,0.5, 0.75, and 

1) nanopowders using tartrate precursor technique and studying the impact of the Zr4+ 

substitution ratio on the morphology, structure, coupling factor, and ferroelectric characteristics 

of BZT was examined. 

 

2. Materials and Methods 

BaZrxTi1-xO3 (BZT) where (x = 0, 0.15, 0.5, 0.75 and 1) were prepared by the tartrate 
precursor method as shown in block diagram (1). The samples were examined by the 
XRD technique with a Philips model PW-1729 diffractometer (Cu-Kα radiation source with 
λ =1.540598 Å) in the 2θ range from 20 to 80◦.  The Alpha Analyzer measures (Novo control 
GmbH) used to determine the complex dielectric, modulus, conductivity, and 
impedance function of materials independence of frequency with high precision. The 
frequency-dependent electrical and dielectric properties of the BZT tablets were 
recorded by a high-precision LCR meter bridge (HP-6284A). Using RLC bridge of type 
(BM591), dielectric properties as a function of temperature at different frequencies were 
measured. EIS Spectrum Analyzer Version 1.0 software is employed to adjust these 
Nyquist plots for BZT sample. The coupling factor Kp was estimated from the resonance 

https://www.sciencedirect.com/topics/materials-science/superconducting-material
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fr and anti-resonance frequency fa of disk of the prepared samples which acting as 
piezoelectric resonator vibrating in longitudinal mode as shown in block diagram (2).  

 

Block diagram (1): Samples preparation via the tartrate precursor method. 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results and Discussion 

Block diagram (2): Setup diagram of coupling factor circuit. 
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3.1. X-Ray Analysis 

Fig.(1a) displays  XRD patterns of BZT samples that indicated the existence of tetragonal 

phase with space group (p4mm) [25]. The tetragonal structure diffraction peaks are (001), 

(110), (111), (200), (210), (211), (220), (310), and (222) at 2𝜃 = (21.2°, 30.10°, 37.1°, 43.1°, 

48.5°, 53.5°, 62.6°, 71°, 75°, 79°) respectively. The pattern's sharp and defined peaks elucidate 

a high degree of crystallinity, and the intensity of the main peak (110) increases as Zr content 

raises. The presence of tetragonal phase is assured by the splitting of two diffraction peaks 

(002) at 2𝜃 = 42.74° and (200) at 2𝜃 = 43.25° up to x=0.75 Zr content, whereas the sample x=1 

no splitting elucidates the cubic phase. The existence of a weak peak at 2𝜃 = 27.74° is owing 

to the existence of a small amount of BaTi2O7 [26], the amount of which decreases as the Zr 

content raises. Similar results have also been reported indicating the smaller amount of BaTi2O7 

in ferroelectrics [26]. The average crystallite size (D) of the perovskite structure is calculated 

using Scherer's equation [27]. It is noted that D of the BZT cubic phase dropped for x=1 and 

grew with increasing Zr concentration up to x=0.75 as shown in Fig. (2) 

 

  

Fig. (1) 
(a): 
The 
XRD 

patterns and (b) Williamson Hall Plot of XRD 
pattern of BaZrxTi1-xO3.  
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Fig. (2): Crystallite size of BaZrxTi1-xO3 for different Zr content. 

 

X-ray diffraction patterns are influenced by the size of crystallites and lattice strain. W–H 
analysis is used to distinguish the crystallite size- and strain-induced deformation peak 
considering the broadening of the peak width as a function of 2θ. The total broadening, 
𝛽, of the peaks is due to the combine effect of broadening due to crystallites size, 𝛽𝐷, and 
broadening due to strain, 𝛽ɛ. Therefore the total broadening is given by[25] 

𝛽 = 𝛽𝐷 + 𝛽ɛ =
𝑘𝜆

𝐷 𝑐𝑜𝑠𝜃
+

4 𝜀 𝑠𝑖𝑛 𝜃 

𝑐𝑜𝑠 𝜃
            (1) 

where β is the full width at half maximum (FWHM) of a radiant peak, k is the shape factor 
(k = 0.89), λ is the X-ray wavelength (1.54056 Å), θ is the diffraction angle of Bragg, D is the 
crystallite size (nm),  and ε is the microstrain. 

Rearranging Eq. (1) gives  

𝛽 𝑐𝑜𝑠𝜃 = 4 𝜀 𝑠𝑖𝑛 𝜃 +
𝑘𝜆

𝐷 
                        (2) 

From Fig.(1b), W-H plot, the average size of the crystallites and the strain can be 
estimated by the Y-intercept extrapolation and the slope of the line 

𝐷 =  
𝐾 𝜆 

𝑌 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
                                         (3) 

 𝜀 =  𝑠𝑙𝑜𝑝𝑒                                               (4) 

 

The relation between  𝛽 𝑐𝑜𝑠𝜃 and 4 𝑠𝑖𝑛 𝜃 was fitted to straight line with correlation 
coefficient value of R2 is 0.92. The intrinsic strain is represented by the slope of this 
straight line, and the average particle size of the BaZrxTi1-xO3 nanocrystals is yielded from 
the Y intercept. The lattice strain is attributed to the lattice volume changes, either 
expansion or contraction, restricted by the  quantem size confinement controling the 
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nanocrystals. Hence,  the atomic arrangement will be  slightly modified, compared to 
their bulk. Also, due to the size confinement, many defects will be created at the lattice 
structure, which result in the lattice strain. As calculated from W-H model, the average 
crystallite size was in the range (35–46) nm, which is significantly less than the size 
estemaited using Debye-Scherer formula due to the term of internsic strain added to 
Debye-Scherer formula to get W-H model.   

 

3.2. FTIR spectra: 

The absorbance spectra of FTIR BaZrxTi1-xO3 are shown in Fig. 3 within the range of 200–4000 

cm−1. The FTIR spectra showed two principal vibrational absorption bands around 350 
cm-1 and 548cm-1; other additional peaks appear at 3394 cm-1 due to the existence of O–
H vibration of water adsorption by the sample, which has an asymmetric stretching mode 
which increases by increasing Zr content. Tartaric acid interacts with BaTiO3 during 
production, as evidenced by a peak at 1428 cm-1, which is attributed to an asymmetric 
vibration of the C-O bond [26].  The first two absorption bands are associated with 
stretching and bending vibrational modes in Ti-O. Absorption bands between 400 and 600 
cm-1 are often linked to the initiation of Zr-O and Ti-O stretching vibrations [27]. The peak 
at around 1143 cm-1 is attributed to the symmetrical CO2 and CH2 twisting mode. The 
absorption bands at 2464 cm-1 and 2927 cm-1 are related to the asymmetric and 
symmetric C-H stretching vibrations of the CH2 and CH3 groups, respectively [28]. C–O 
deformation vibration peaks are around 1428 cm-1 and 1168 cm-1. The C–C stretching 
vibration is linked to the absorption band at 859 cm-1. The peaks at 1762 cm-1 (C=O 
stretching vibration), 1438 cm-1 (C–O asymmetric stretching vibration), 859 cm-1 and 693 
cm-1 (C=O bending vibration) all belong to the BaCO3 phase [29]. As x increases from 0 to 
0.75, the frequency of the absorption band at 691cm-1 increases before dropping again. 
The initial absorption band, at 480 cm-1, has the same pattern of activity. By increasing 
the Zr content, shoulder 600 cm-1, we may explain this behavior to a modification in the 
bond length [30].  

In conclusion, XRD analysis and the FT-IR spectra are consistent, demonstrating that the 
formation temperature of perovskite BZT powder is more than or equal to 1100 °C 
depending on the percentage of the Zr content in the prepared sample. 
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Fig. (3): The FTIR absorbance spectra for BaZrxTi1-xO3 samples. 

 

3.3. SEM Micrographs 

 

Fig. 4. shows the Scanning Electron Microscopy (SEM) images of BaZrxTi1-xO3. SEM images 
of BaZrxTi1-xO3 showed the crystalline nature of the prepared nanoparticles and provide 
such a type of agglomeration. The presence of Zr ions increases the grain size, as seen by 
a correlation between grain size and Zr concentration. The grain sizes of the nanoparticles 
were found to be in the range of 1.54–2.80 μm and listed in Table (1). Therefore, the 
presence of Zr concentration improves densification during sample preparation. Due to 
the fact that the average grain size calculated from the SEM micrograph is greater than 
the crystallite size calculated using Scherer's equation from X-ray analysis, the grain is 
assumed to be occupancy of crystallites.  
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Fig. (4): SEM micrograph of BaZrxTi1−xO3. 

 

 

 

 

 

 

Table (1): Crystallite sizes, Particle sizes and Grain sizes for BaZrxTi1−xO3. 

 

 

 

  X  

XRD SEM 

Scherer 

formula 

Williamson–Hall 

method 

grain 

sizes 

(μm) 
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3.4. Frequency dependence of dielectric properties: 

Fig. (5) displays the variation of real and imaginary part of dielectric constant ( ε′, ε′′) and 
dielectric loss (tanδ) as a function of frequency in the range from (10-1 Hz - 2x107 Hz) at 
room temperature. At low frequency the values of ε′, ε′′and tanδ have high values and 
rapidly decrease with the increase of temperature while they are very low and reach near 
zero at high frequency and become nearly independent on frequency [28]. It may be 
owing to the effect of defects with opposite charge that leads to the charges (dipoles) 
preserve neutrality, and the decrease of polarization [29]. At high frequency these dipoles 
can't follow the external electric field causes the dielectric constant decreases. The 
dielectric loss is considered as a combination between electrical conduction and the 
orientation polarization. So we can consider the energy loss occurs due to the DC 
conductivity and dipole relaxation [30]. The dielectric loss has a relaxation process 
around 2.4x103 Hz. The calculated corresponding relaxation time is tabulated in Table (2) 

 

 

Table (2): Permittivity and relaxation time for different Zr content. 

 

X At frequency (103 Hz) Relaxation time (𝝉𝒄 ∗ 𝟏𝟎−𝟑) 

𝜺′ 𝜺′′ 𝝉𝒕𝒂𝒏𝜹 𝝉𝜺′′ 

0.0 17.95 3.50 8.87 45 

0.15 38.35 14.90 4.15 10 

0.50 18.41 6.11 8.64 26 

0.75 20.75 6.30 7.67 25 

1.0 14.70 0.69 10 11 

 

D(nm) D(nm) ɛ×10-3 

 

 

0.0 28.80 46.68 0.811 1.54 

0.15 17.35 35.92 0.157 1.73 

0.5 33.98 40.18 0.227 1.78 

0.75 41.08 42.14 0.484 2.08 

1.0 32.66 41.63 0.9279 2.80 
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Fig. (6) shows the real and imaginary part of electric modulus M', M'' respectively as a 
function of frequency and Cole-Cole diagram (M' vs. M'') for BZT with x= (0 – 1). The Cole 
–Cole plot shows two semicircles for Zr contents lies between (0 - 0.75) and deformit at 
high Zr content =1. The first semicircles at higher frequency shows grain contribution and 
that at low frequency sites is grain boundary contribution. With the increase of Zr 
contents the peaks of the semicircle at high frequency shifted to low frequency. The two 
semicircles have different radii and different intensity which are attributed to the different 
values of the resistance and capacity for grain and grain boundary.  

 

-1 0 1 2 3 4 5 6 7

0

60

120

180

240

300

360

e'

log f(Hz)

 0

 0.15

 0.50

 0.75

 1

 

-2 0 2 4 6 8

0

150

300

450

600

750

 0

 0.15

0.50

0.75

 1

log f(Hz)

e'
'

 



JESBSP Volume 1, Issue 1 pp 73-98, year 2024 
 

83 
 

-2 0 2 4 6 8

0.0

0.5

1.0

1.5

2.0

2.5

log f(Hz)

ta
n

d

 0

 0.15

 0.50

 0.75

 1

 

Fig. (5): Frequency dependence of real and imaginary part of dielectric constant ɛ', ɛ'' 
respectively and dielectric loss (tanδ) for different Zr content. 

 

The Nyquist plots of BZT samples over a wide frequency range (0.1 – 2 x107 Hz) are 
presented in Fig. (6). The Nyquist plots are consistent with more than one semicircle 
proving the existence of more than one contribution. EIS Spectrum Analyzer Version 1.0 
software is employed to adjust these Nyquist plots for BZT sample. These semicircles 
clustered together indicate that the BZT samples show non-Debye behavior due to the 
distribution of relaxation times in the samples. For x=0, the semicircles are oriented 
towards the real impedance axis with more convex shapes, due to the higher conductivity 
of this sample. The adequate electrical circuit consists of series combination of two 
resistors R2 and R3, where each one is in parallel with two capacitors (C1 and CPE1) due to 
the grain contributions of the sample at higher frequency side and grain boundary 
contribution at lower frequency side. On the other hand, the electrode effects are 
insignificant, i.e., R1 is very small compared with R2 and R3. The fitting of this data gives 
the values of resistance and capacitance for non-ideal capacitance, CPE, are tabulated 
in Table (3). This non-ideal behavior can be correlated with several factors, such as grain 
orientation, grain boundary, and defects in the structure. With the increase of Zr content, 
the value of grain resistance R2 increased from 0.001 to 3900 (GΩ/cm2) and the value of 
grain boundary resistance R3 increased from 42 to 8980 (GΩ/cm2). The value of grain 
capacitance C1 varying from 10 to 340 (nF//cm2). The values of grain boundary 
capacitance P1 varying from 0.168 to 7.99 (PF/cm2).  

 

Table (3): Koop parameters of grain and grain boundaries for different Zr content. 

 

 

 

 

Zr content 

(x) 

C1 

(nF/cm2) 

R1 

(Ω/cm2) 

R2 

(GΩ/cm2) 

R3 

(GΩ/cm2) 

P1 

(PF/cm2) 

0.00 342 200.95 0.001 42.5 0.168 

0.15 34.2 116.64 3.85 7.97 0.980 

0.50 9.85 229.72 65. 5 96.8 0.257 

0.75 88.3 195.61 37. 2 73 0.357 

1.00 168 192.09 3900 8980 7.97 
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Fig. (6): real and imaginary part of electric modulus M',  M'' respectively as a function of 
frequency and Cole-Cole diagram (M' vs. M'') for different Zr content. 

 

 

Fig. (7): Z'' vs Z' for different Zr content. 

 

3.5. Temperature dependence of Electrical and Dielectric properties: 

3.5. a. Ac conductivity: 

The a.c. resistivity of BaZrxTi1-xO3 as a function of reciprocal temperature is shown in Fig. (8) 

at frequencies of 10 kHz, 50 kHz, and 100 kHz. As the frequency increases, the resistivity 

decreases; this could be due to the high relaxation time of charge carriers at low frequencies, 

resulting in high resistivity; additionally, as the frequency increases, more charge carriers can 

respond easily to the external electric field, resulting in lower resistivity. At high temperatures, 

a decrease in a.c. resistivity with increasing temperature is observed, indicating that the 

mobility of charge carriers is thermally activated, resulting in a decrease in resistivity. When 

an electric field is applied to our samples, the hopping electron between Ti3+ and Ti4+ causes 

conduction. The decrease in ac resistivity with increasing temperature indicated a negative 

coefficient of resistance for the material. As shown in Table (4), the behavior of lnρ vs. Zr 

content follows the same pattern as the variation of porosity vs. Zr content.  The total a.c. 

resistivity can be given from the equation: 

𝜌𝐴𝐶 =  𝜌𝐷𝐶 + 𝐴 𝜔𝑛            (5) 

where A is a constant and the exponent n is the frequency constant. Fig. (10) depicts the 

calculated values of n. The value of n decreases with increasing frequency and also with 

increasing Zr content, with x = 0.75 having the lowest value. When the Zr content increases, 

the samples become more frequency dependent and sensitive to any frequency variation. 

 

Table (4): The values of porosity, crystallite size and lnρ for different Zr content. 
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Ln𝝆 at  

100 kHz 

Crystallite size  

(nm) 

porosity x 

12.94 28.80 0.41 0 

13.07 17.35 0.43 0.15 

13.14 33.98 0.47 0.50 

13.25 41.08 0.50 0.75 

13.34 32.66 0.52 1 
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Fig. (8): lnρ vs. 1000/T(K) for BZT samples at different Zr content at 10 kHz , 50kHz  and 
100kHz.  



JESBSP Volume 1, Issue 1 pp 73-98, year 2024 
 

88 
 

300 350 400 450 500

0.7

0.8

0.9

1.0

1.0

1.2

1.4

1.6

0.8

0.9

1.0

1.1

 0.00

 0.15

 0.50

 0.75

 1.00

100kHz

T(k)

n

10kHz

50kHz

 

Fig. (9): The variation of n with temperature T (K) at various frequencies of 

BZT samples at different Zr content. 

 

3.5.b. Temperature dependence of dielectric constant:  

The temperature dependence of dielectric constant at three fixed frequencies 10 kHz, 50 
kHz and 100 kHz for BZT samples are shown in Fig. (10). It is evidence that the dielectric 
constant decrease with increasing frequency, this may be due to the effects of space 
charge polarization or Maxwell-Wagner type interfacial polarization [31]. The dielectric 
constant exhibits a peak around room temperature and then decrease with farther 
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increase temperature. This peak which corresponds to the Curie point to the transition 
from ferroelectric to paraelectric phase and originated from the presence of the BaTi2O7 
phase. This phase appears in the XRD patterns which confirm our discussion. From 
Fig.(10) it is seen that the maximum dielectric constant is observed for x = 0.75 
composition at different frequencies, which may be due to the dense microstructure and 
the possible induced strain by Zr4+ in BaTiO3 lattice [24].The maximum value of dielectric 
constant corresponds to Curie temperature [32].As the temperature rises, the mobility of 
charge carriers increases, increasing conductivity and polarization of the samples and, 
as a result, raising the dielectric constant. Except for x = 0.75, the dielectric constant is 
nearly independent of temperature for all samples. The Curie temperature varies 
significantly with Zr content and reaches a maximum at x= 0.75, as shown in Table (5). 
The behavior of the material near the phase transition is related to the correlation 
between the maximum value of the dielectric constant and the Curie temperature. The 
dielectric constant of the material increases as the temperature approaches the Curie 
temperature due to increased polarization fluctuations. The material undergoes a phase 
transition at the Curie temperature, and the dielectric constant reaches its maximum 
value before decreasing as the temperature rises further. As a result, the maximum value 
of the dielectric constant is typically observed near the Curie temperature. By measuring 
the dielectric constant as a function of temperature, one can determine the temperature 
at which the dielectric constant has the greatest value, which corresponds to the 
material's Curie temperature. This data can be used to better understand the material's 
electrical properties and potential applications in electronic devices. The dielectric 
constant for the cubic phase decreases at x = 1. We can conclude that the dielectric 
properties of the samples are affected by the method of preparation, and some variation 
in dielectric constant values is to be expected.  

Table (5): Curie temperature and dielectric constant for different Zr content. 

 

x TC (K) Dielectric constant at (50 
kHz) 

0 343 5.87 
0.15 348 10.91 
0.5 368 11.66 

0.75 370 21.43 
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Fig. (10): The variation of dielectric constant as a function of T (K) for BZT samples. 

 

3.5c Temperature dependence of dielectric loss:  

The dielectric loss (Tan(δ)) for all samples at different frequencies (10kHz, 50kHz, and 
100kHz) is shown in Fig. (11). As shown in Fig. (10), Tan(δ) behaves similarly to dielectric 
constant. When compared to other samples, sample x = 0.75 has a high dielectric loss. 
These results are correlated by AC resistivity, with sample x = 0.75 having the lowest 
resistivity as shown in Table (6). For all samples, increasing frequency reduces Tan(δ). 
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Fig. (11): Tan(δ) as a function of T(K) for different Zr content. 

 

Table (6): Curie temperature, dielectric loss, 

and resistivity at 100 kHz for different Zr content. 

x TC (K) Tanδ at 100 kHz ρ (Ω.m) at 100 kHz 

0 373 0.17 585034.1 

0.15 348 0.25 648989.9 

0.5 368 0.14 1025721 

0.75 363 0.83 97015.17 

1 383 0.12 553534.6 
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3.6 Effect of Zr contents on the coupling factor Kp: 

The coupling factor (Kp) is used to calculate the electromechanical behavior of a 
piezoelectric resonator. It is defined as the square root of the ratio of mechanical energy 
available to total input electric energy. Coupling factor can measure the resonance (fr) 
and antiresonance (fa) frequencies of a sample that is vibrating in longitudinal mode as a 
piezoelectric resonator [33]. The equation yields the longitudinal mode coupling factor 
(kp) [34]. 

𝐾𝑝 = √2.51
(𝑓𝑎−𝑓𝑟)

𝑓𝑟
                  (6) 

Where 𝑓𝑎 and 𝑓𝑟 represent the anti-resonance and resonance frequencies, respectively. 

The ultrasonic wave velocity C is estimated from the relation: - 

𝑓𝑟 =
𝐶

2𝜋𝑟
                                  (7) 

where C is the wave velocity and r is the radius of the tablet (0.36 cm). Fig. (12) depicts 
the coupling factor kp as a function of ZrO2 content for samples. It was discovered that 
increasing the Zr content from 0.64 to 0.92 decreased the coupling factor; the doping 
processes are a mechanism for introducing vacancies, which facilitate domain wall 
motion. At very low electric field and mechanical stress levels the domain wall motion 
can be displaced, allowing it to vibrate more easily [35]. These effects help the polarized 
tables vibrate at a lower frequency, which leads to an increase in the Kp. The value of Kp 
for pure samples x=0 (BaTiO3) is higher than for all samples with Zr content, which is 
attributed to the sample's decreased tetragonality. The effect of ZrO2 in the Ultrasonic 
velocity of polarized disc is shown in Fig. (13). The ultrasonic waves are affected by the 
concentration of vacancies created by ZrO2 doping. Because of the tetragonality of the 
sample and the occupation of all vacancies by Zr4+ions, these vacancies help to lower the 
resonance frequency, which causes the ultrasonic wave velocity to decrease up to x=0.5 
and then increase again, as shown in Table (7).  

Table (7) compares the published data to our current data in terms of Kp. According to the 
table, our nano composite BaZrxTi1-xO3 has a high quality for electromechanical Kp in 
technological applications. 
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Fig. (12): The effect of Zr content (x) on the coupling factor (Kp). 

Table (7): KP and Tc of the published data and our present data and the ultrasonic 
velocity (C) for different Zr content. 
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Fig. (13): The effect of Zr content (x) on the ultrasonic velocity. 
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4. Conclusions 

In 

summary, BaZrxTi1-xO3, with (x = 0.00, 0.15, 0.50, 0.75, and 1) ferroelectric nanoparticles are 

successfully synthesized via the tartrate precursor method. This paper is applying XRD, real 

and imaginary part of dielectric constant and dielectric loss as a function of frequency, Cole –

Cole plot, Ac conductivity, temperature dependence of dielectric properties and Coupling 

factor measurements respectively. The presence of tetragonal phase is assured by the splitting 

of two diffraction peaks (002) at 2𝜃 = 42.74° and (200) at 2𝜃 = 43.25° up to x=0.75 Zr content. 

The dielectric loss has a relaxation process around 2.4x103 Hz. The decrease in ac resistivity 

with increasing temperature at higher temperature indicated that the material has negative 

coefficient of resistance of conductivity. The Curie temperature shows a significant variation 

with Zr content and reaches maximum value at x= 0.75.  As Zr content increases, the samples 

become more frequency dependent and sensitive to any frequency variation. The coupling 

factor decrease by increasing Zr content from (0.64 to 0.92). Our nano composite BaZrxTi1-xO3 

compares to the published data has a high quality for electromechanical Kp in technological 

applications. 
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