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Dielectric features of BaTiO3 microcrystals made by mechanical alloying method in the ball mill of 

SPEX 8000 are studied.  Temperature and hysteresis loops are investigated and  Curie temperature as 

well as dielectric constant variation are studied. The obtained  results show that, there exists a 

relationship between the time of milling and the Curie temperature. We have established that   with 

increasing milling time, grain size   decrease, as well as Curie temperature. Moreover, with increasing 

temperature up to the Curie temperature, the hysteresis loop of samples decrease  and at the Curie 

temperature the hysteresis loop disappears. 
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1. INTRODUCTION 

Ferroelectric composites with embedded micro-  and  nanocrystallites present an essential 

interest with respect to their dielectric and optical features  [1-8].  Among the ferroelectrics the family 

of complex ferroelectric oxides such as BaTiO3, Pb(Zr,Ti)O3 have far reaching applications in the 

electronics industry as transducers, actuators, and efficient dielectrics[9-14].There has been growing 

trend toward preparing nanoferroelectric materials and investigation into the nano and micro-size 

properties as well as thin films[9,12,15,16] . Barium Titanate  is one of the most exhaustively studied 

materials as well it is one of the materials most widely used in modern electronic and technical 

devices[16,18-20] . Barium Taitanate is used as a ferroelectric material with a high dielectric constant 
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and it has been widely studied for application in capacitor, varistor and even random access memory 

(RAM) with developing ultra large scaled integrated circuits (ULSI) and solar cells [21-23]. Ceramics 

of Barium Titanate also are  used for making multilayer capacitors, transformators and temperature 

sensors[24-26]. The study of ferroelectric transition temperature (Curie temperature) versus   

nanocrystalline  grain size, density, purity [27-28] present one of the central point in the modern 

materials science of ferroelectrical nanocomposites. The Curie temperature is determined by diagrams 

of dielectric constants variation via temperature and hysteresis loop.   

Coarse-grained ceramics (20–50µm) of pure Barium Titanate showed lower dielectric constant 

at room temperature than fine grained (0.8–1µm). It was established that when the grain size decrease 

below 700 nm, the crystalline lattice of Barium Titanate is changed  from tetragonal to pseudo-cubic, 

and  the dielectric constant value is very low.  In the doped BaTiO3 that effect is more complex [29-

32]. The main goal of this work is to study of   Curie temperature as a function of time milling, its 

kinetics and different grain sizes of Barium Titanate microcrystallites.  

 

 

2. EXPERIMENTAL PROCEDURE 

The studies were performed for BaTiO3 microcrystalline powders which were fabricated by 

mechanical alloying at different   milling times (3, 6, 10 and 12 hours). The synthesis of BaTiO3 

method includes adding barium acetate to a solution of oxalic acid and titanium oxychloride to form 

barium titanyl oxalate and then calcining the barium titanyl oxalate to obtain barium titanate powder. 

The sample tablets  were produced by hydraulic press set-up .Then tablets  were  sintered for two hours 

at 1200 C. The surfaces of the such-prepared samples were polished and electrodes were connected  to 

the tablets. The thickness of electrodes was varied within the 100…300 nm. The control of absence of 

the air condensator was controlled by measurements of changes of capacities. The existed ferroelectric 

domain microcrystalline sizes were controlled by optical phase contrast microscope with the resolution 

about 0.5 m. To make a better connection the samples were put in an oven for half an hour at 100 C. 

The Vetson Bridge was used to measure samples dielectric constants in terms of temperature. 

Stabilization of temperature was equal to about 0.2 K. It is clear that the hysteresis loop for 

ferroelectric material is dependent on the temperature at frequency 1 kHz  . For thios reason all the 

measurements were done in the cooling heating regime with rate about 0.2 K/min. The X-ray 

diffraction method was used for controlling of the such obtained microcrystallites. They show a good 

agreement with the existed data on the bulk BaTiO3. This one mean may indicate on a good quality of 

the samples. 

 

 

3. RESULTS AND DISCUSSION  

The dielectric properties of BaTiO3 ceramics produced by the described  above method of 

mechanical alloying  were studied in several stages.  Firstly, the samples were put in a vessel of silicon 

oil which was on an electrical heater and stirred well by a magnetic force. The principal results are 

shown in the Fig. 1. One can clearly  see  that the values and temperature maximum of dielectric 
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constant strongly depend on the time of milling. As it can be expected, plots of dielectric constant 

versus temperature show that near the transition, temperature (Tc)  from  ferroelectricity  to  

paraelectricity, there appears its maximum value. 

Milling processes have an important influence on the crystal structure and the dielectric 

properties of BaTiO3. With increasing milling time  the value of the dielectric constant is increased up 

to 2.5 times and the corresponding  temperature maximum  of  ε  is shifted from  78 
o
C   up  to  98 

o
C.  

It is crucial that increasing milling time the Curie temperature undergoes to the lower value (for 

example the sample with 3 hours milling time Tc=102
o
C  and for the sample with 12 hours milling 

time   is equal to Tc=102
o
C.  All the presented  ferroelectric hysteresis loops were  obtained at 

frequency equal to about for   1 kHz.   
 

 
Figure 1. The variation of dielectric constant versus temperature at different milling time.  

 

 
Figure 2.  Hysterias loop for BaTiO3 with 3 hours alloying, at 30 

o
C. 
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The time kinetics of the processes is presented in the figures 4 to 8.  With increasing 

temperature the slope of plots increases and their width decreases. Exactly at the Curie temperature the 

hysteresis loops are changed to a straight line or it is the same that the ferroelectricity decreases. 

Following the Fig. 2-8 one can see a slight asymmetry of hysteresis loops. This asymmetry may 

be caused by existence of some additional potential on the borders of the ferroelectric microcrystalline 

grain domain interfaces.  This property is due to the decreasing of grain sizes from 11 m  up to 6 m 

following the optical microscopy studies. Because with decreasing of grain size, the number of dipoles 

of every domain decreases. In this case, in order to being parallel with external field, dipoles need a 

lower electric field. Consequently, Curie temperature also decreases. 

 

 
Figure 3 .  Hysterias loop for BaTiO3 with 6 hours alloying, at 30

o
 C. 

  

                
Figure 4. Hysterias loop for BaTiO3 with 6 hours alloying, at 100

o
 C. 
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Figure 5. Hysterias loop for BaTiO3 with 10 hours alloying, at 70 

o
C. 

 

 

 
Figure 6. Hysterias loop for BaTiO3 with 12 hours alloying, at 30

o
 C. 

 

It is principal that following the kinetics presented in the Fig. 5-8  one can see a substantial 

decrease of the plane under the hysteresis loop. This one means a successive decrease of spontaneous 

polarization. 
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Figure 7. Hysterias loop for BaTiO3 with 12 hours alloying, at 50 

o
C. 

 

Another important features of the obtained loops is their nonlinear time-dependent kinetics. 

Which crucially depend also on the thermoannealing processes. This factor may indicate on additional 

contribution of the phonon subsystem, which on the borders of the crystallites may give substantial 

contribution to the corresponding ground state dipole moments [33] defining the spontaneous 

polarization. The processes observed on the borders due to the changed ground state dipole  moments 

may have a crucial influence on the kinetics of the particular charge states. 

  
Figure 8. Hysterias loop for BaTiO3 with 12 hours alloying, at 76C. 
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One of specific of BaTiO3 crystals is their multi-axis ferroelectrics, which may from some 

anisotropy in the dielectric feature’s behavior. This principally differ  these crystals from other 

ferroelectric crystals. The processes observed may be used for obtaining of the memory devices with 

the operated values of the coercive   field which may be crucial for the such kind of processes.  

 

 

 

4. SUMMARY 

In this study, we have prepared the tablets of BaTiO3 microcrystalline powder which was made 

by mechanical alloying during the time of 3,6,10 and 12 hours, at 1200C sintering temperature. The 

variation of dielectric constant versus temperature and the hysteresis loop of the samples are measured 

at different annealing times. Our results show that with increasing milling time, the magnitude of Curie 

temperature is decreased. It was also shown that the width of hysteresis loops samples are decreased as 

the temperature is increased and it reaches to zero at Curie temperature. A slight asymmetry of 

hysteresis loops may reflect some role of the non-homogenous of the domain wall’s borders. This 

asymmetry may be caused by existence of some additional potential on the borders of the ferroelectric 

microcrystalline grain sizes.  This property  is due to the decreasing of grain size. Because with 

decreasing of grain size, the number of dipoles for each  domain decreases. In this case, in order to 

being parallel with external field, dipoles need a lower driving electric field. Consequently, Curie 

temperature also decreases. Another important property of the obtained loops is their nonlinear time-

dependent kinetics. This factor may indicate on additional contribution of the phonon subsystem. 
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