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Abstract: In this work, the effect of nickel (Ni) insertion on the structural and dielectric properties of BaTiO3 

material was investigated. A series of powders of composition Ba1-xNixTiO3 (x = 0, 0.05, 0.1, 0.15 and 0.20) 

were synthesized by solid method. The analysis by X-Ray Diffraction (XRD) shows that the obtained 

compounds crystallize in a phase of perovskite type. All the peaks are indexed in a phase of quadratic symmetry. 

Characterization by the Scanning Electron Microscope (SEM) indicates a heterogeneous microstructure of the 

grains. The study by spectroscopy of impedance in the frequency range [500Hz-1MHz] highlighted the effect of 

the nickel insertion on the transition temperature and the dielectric constant value. 
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Introduction 

 

Perovskite-type materials are highly studied 

because of their relatively simple structure and the 

possibility of modifying their physicochemical 

characteristics by ionic substitutions on the different 

sites A and B of the ABO3 structure. These materials 

are of great interest because of the existence of a 

large number of ferroelectric phases. Moreover, 

these materials are likely to be applied in many uses 

such as microelectronics, FeRAM memories, micro-

actuators or displacement sensors because of their 

effective dielectric properties 
1-4

. The most studied 

perovskite-type materials are BaTiO3, SrTiO3, 

PbTiO3, PbZrxTi1-xO3 (PZT) which have given rise to 

numerous studies concerning their properties, in 

particular, their ferroelectric character 
5-7

. 

It is well known that BaTiO3 is an important 

dielectric material that has excellent stable thermal 

properties and a high relative dielectric constant 
8-10

. 

BaTiO3 has a general system Structure of type ABO3 

where A and B are cations of different sizes, with the 

6 cation fold coordinates B in the middle; the 12 

cations fold coordinates A in the area and the anion, 

commonly oxygen, in the center of the face. We can 

think of the packaging of ions such as A and O ions 

forming tight ions together. BaTiO3 at a temperature 

below 130°C is transformed from the tetragonal 

phase to a cubic phase 
11

. BaTiO3 can also exist in 

the orthorhombic phase at a temperature of 0°C, in 

the rhombohedral phase below -90°C, BaTiO3 exists 

in the hexagonal phase above 1460°C. Although the 

primitive cube is the idealized structure, the 

differences in radius between cations A and B can 

modify the structure at several different so-called 

distortions, whose inclination is most frequent. With 

the inclination of perovskite, the octahedron BO6 

twists. Along one or more axes to accommodate the 

difference. The ferroelectric properties of ABO3 type 

ceramic perovskite (here barium titanate) can be 

effectively controlled by doping using different 

doping elements 
12-15

. Up to now, researchers have 

shown strong interest in optimizing its more efficient 

application. Doping is of fundamental importance in 

controlling the crystallographic phase and modifying 

electronic properties. The ferroelectric properties of 

ABO3 type perovskite ceramic (in this study: Barium 

Titanate) could be efficiently controlled by doping 

with different elements 
16-19

. A variety of different 

dopants can be introduced into the BaTiO3 network. 

Ni was chosen in this study as it replaces the Ba ion, 

and oxygen voids can be created to compensate for 

the charge. Although the valency of the Ni ion is the 

same as that of the Ba ion. The ionic radii of Ni
2+

 

(r6
2+

 = 0.69Å) is less than both the ions  
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Ba
2+ 

(r6
2+

 = 1.35Å) and Ti
4+ 

(r6
4+

 = 0.61 Å) and hence 

it can occupy both A and B sites. 

This work aims to study the effect of the 

insertion of a transition metal (Ni
2+

) in the matrix of 

BT. A series of composition Ba1-xNixTiO3 (x = 0, 

0.05, 0.1, 0.15 and 0.20) was synthesized by solid-

state reaction method. The powders were 

characterized by X-ray diffraction, scanning electron 

microscopy, and dielectric measurements. The 

experimental results show the influence of nickel 

insertion into the BT structure on the various 

physicochemical properties of the obtained material. 

Experimental  

 

Samples of Ba1-xNixTiO3 composition (x = 0, 

0.05, 0.1, 0.15 and 0.2) were prepared by solid phase 

synthesis method at 1000 °C according to the 

following reaction: 
 

(1-x)BaO + xNiO + TiO2              Ba1-x NixTiO3    (1)        

The starting materials are taken in stoichiometric 

quantities. The mixture is then ground and 

homogenized for one and a half hours in a porcelain 

mortar. The purpose of this operation is to reduce the 

particle size and promote homogeneity of the 

mixture. The mixture is then subjected to chamotte at 

400°C for 3 hours with a furnace temperature 

increase of 5°C/min. The powders are recovered and 

undergo another grinding and homogenization for 

one hour. The resulting product is then calcined at 

1000°C for four hours, with a temperature rise of 

5°C/min. After removing the product from the oven, 

another grinding is carried out for 30 minutes. 

 
Figure 1. The cycle of calcination of BNxT powders  

 

Results and discussion  

 

X-ray diffraction analysis  

Fig. 2 shows BT X-ray spectra using X'Pert 

PRO Philips diffractometer (Philips Japan, Ltd, 

Japan), equipped with CuKα radiation                               

(= 1.5406 Å). Bulk chemical composition was 

determined using an X-ray fluorescence (XRF) in a 

Bruker S4 Pioneer spectrometer (Bruker AXS GmbH 

Karlsruhe, Germany) prepared by a solid method at 

different calcination temperatures. The perovskite 

phase appears from 800 °C, and it is obtained pure at 

900 °C. All the rays of the spectrum are indexed in a 

phase of cubic symmetry. When the calcination 

temperature increases (T=1000 °C), the separation of 

the two peaks (002) and (200) is observed Fig. 3, 

these peaks are characteristics of the quadratic 

symmetry which shows a transition to the quadratic 

phase as a function of temperature 
20

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 shows the XRD spectra of Ba1-xNixTiO3 

compounds (x = 0, 0.05, 0.1, 0.15 and 0.20) calcined 

at 1000°C for 4 hours. The compounds obtained are 

isotype to that of pure BT. A slight variation of the 

parameters a and c of mesh (Table 1). No phase 

change was observed with the insertion of Ni in the 

matrix of BT, and these results are in agreement with 

the results of the recent works of Yogeswar            

Kumar 
21

. For Ni percentages of less than 20%,               

Ba1-xNixTiO3 compounds are isotype to that of BT. 

However, beyond 25%, there is the appearance of 

micro-phases. 

Figure 3. Peak zoom (200) in the range 

of [40° - 50°] 
 Figure 2. XRD patterns of BT prepared 

by solid state at 800, 900 and 1000 °C 
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Figure 4. X-ray pattern of Ba1-xNixTiO3 powders calcined at 1000 °C / 4h 

 

Table 1. Parameters, c/a ratio and volume of the mesh of BNT elaborated by the solid state at 1000°C during 4h. 

Ba1-xNixTiO3 c a c/a Cell volume 

X = 0 4.0209 3.9983 1.00565 64.2797 

X = 0.05 4.0138 4.00137 1.003106 64.2648 

X = 0.1 4.01369 4.00228 1.00285 64.2923 

X = 0.15 4.01312 4.003715 1.00235 64.3292 

X = 0.20 4.01291 4.00442 1.00212 64.3485 

 

SEM analysis  

Fig.5 shows the SEM images (SEM, Phenom 

ProX with EDS detector (Phenom-World BV, 

Netherlands)) obtained for the sintered pellets of 

BNxT compounds at 1000 °C during 4 hours. For BT 

(x = 0), the grains formed have a relatively 

homogeneous and regular size with a quasi-spherical 

shape. The insertion of nickel affects the shape of the 

grains and their distribution, which becomes 

heterogeneous. Also, the average size of the grains 

decreases when the nickel level increases: 1.127µm 

for pure BT and 0.632µm when the nickel rate rises 

to x = 0.15. 

  

   
 

Figure 5. SEM images of BNxT ceramics sintered at 1000 °C (4h) 

x=0.15 x=0.1 

x=0 x=0.05 
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Dielectric measurements 

Fig.6 shows the dielectric constant evolution of 

BNxT ceramics as a function of the temperature at 

different frequencies [1 KHz – 1 MHz]. It is 

observed for all the ceramics that when the 

temperature increases, the dielectric constant 

regularly rises, after that, it increases sharply near the 

transition temperature. It reaches the maximum at 

this temperature and then declines rapidly. The 

transition temperature is independent of the 

frequency.  

The BT doped with nickel allows the 

enhancement of dielectric constant value and the 

reduction of the transition temperature. It also 

widens the transition peak, which induces the 

stability of the materials. 

   

Figure 6. The dielectric constant evolution of BNxT compounds sintered at 1000 °C for 4h as a function of 

temperature at different frequencies 

Fig.7 shows the variation of the dielectric losses 

as a function of the temperature for a frequency of     

1Mhz. The dielectric losses pass through a maximum 

at the transition temperatures. However, this 

maximum decreased when nickel is introduced. The 

values of the maximum dielectric losses are shown in 

Table 2. 

 

  

 

x=0.05 x=0.1 x=0 
 

 

Figure 7. Dielectric losses evolution of BNxT compounds as a function of temperature at a frequency of 1 MHz 

Table 2. The Tg&max values of the BNxT  

compounds at a frequency of 1MHz.  

Ba1-xNiXTiO3 x=0 x=0.05 x=0.1 

Tg&max 0.245 0.0411 0.037 

 

Fig.8 illustrates the ferroelectric behavior of the 

BNxT compounds according to the modified 

Uchino's law 
22

, which is a straight line of the 

following equation: 

Ln(max /r -1) lnT -Tm-Ln(2) 

The critical exponent γ is an empirical 

coefficient that describes the diffuse nature of the 

transition: 

 

x=0 x=0.05 
x=0.1 

x=0 
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γ=1 for a classical transition; 

1 <γ <2 for a diffuse transition; 

=2 for a relaxor or diffuse ferroelectric; 

: it informs on the degree of the peak spreading. 

This diffuse character could be explained by the 

existence of polar microregions in the paraelectric 

phase at a temperature higher than Tm 
23

. 

Fig. 8 shows that the experimental points of 

BNxT compounds are aligned well on a straight line,  

indicating that these compounds follow well the 

modified power law, which theoretical approach 

allows the determination of the coefficient that 

measures the deviation degree of the thermal 

behavior compared to the Curie-Weiss standard law. 

The found values of and  are reported in Table 4. 

It is observed that the insertion of nickel 

increases the value of γ. In other words, the insertion 

of nickel leads to the diffuse character of BNxT

 

   

Figure 8. Evolution of Uchino law of the BNxT compounds in the para-electric domain (T>Tm) at 1 KHz 

 

Table 3. γ and valuesat 1 KHz. 

Ba1-xNixTiO3 x=0 x=0.05 x=0.1 

γ 1.08 1.37 1.35 

 22.46 59.55 51.25 

 

Conclusion 

 

The results obtained by X-ray diffraction on 

ceramics calcined at 1000 °C show that the powders 

crystallize well in the pure perovskite phase and the 

insertion of Ni in the matrix of BT produced no 

phase change. The SEM images show that nickel 

doping reduces the size of grains and affects their 

shapes. The dielectric characterization shows that the 

insertion of Ni in the matrix of BT allows widening 

the transition peak which induces stability of the 

materials, decreases the transition temperature and 

dielectric losses, and enhances the maximum value 

of the dielectric constant εr. 
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