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BaTiO3 was prepared by mechanochemical synthesis. A powder mixture of BaO and TiO2 was treated in a planetary ball 
mill in an air atmosphere for up to 12 h, using zirconium oxide vial and zirconium oxide balls as the milling medium. After 60 
minutes BaTiO3 phase was formed. BaTiO3 ceramic was sintered after 120 min on 1300 ºC without pre-calcinations step. 
The heating rate was 10 ºC min

-1
. The formation of phase and crystal structure of BaTiO3 was approved by XRD analysis 

and Raman spectroscopy. The morphology and microstructure of obtained ceramic powders were examined by SEM 
method. Sample BaTiO3 obtained from mechanically activated oxides mixture sintered at 1300 ºC for 2 h exhibits a 
hysteresis loop, confirming that the synthesized material possesses ferroelectric properties. 
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1. Introduction 
 

Barium titanate, BaTiO3 is the first ferroelectric 

ceramics, which is a good candidate for a variety of 

applications, such as piezoelectric actuators, multiplayer 

ceramic capacitors and positive temperature coefficient 

resistors, due to its excellent dielectric, ferroelectric and 

piezoelectric properties [1, 2]. Also, barium titanate is the 

first discovered ferroelectric perovskite. Its ferroelectric 

properties are connected with a series of three structural 

phase transitions. The Curie point Tc, of barium titanate is 

120 ºC. Above 120 ºC the original cubic cell is stable up to 

1460 ºC. Above this temperature a hexagonal structure is 

stable [3].  

 

 

 
 

Fig. 1. Unit cells of the four phases of BaTiO3: (a) 

Cubic, stable above 120 ºC, (b) Tetragonal, stable 

between 120 ºC and 5 ºC, (c) Orthorhombic, stable 

between 5 ºC and -90 ºC, (d) Rhombohedra, stable below  

                                         -90 ºC.  

When the temperature is below the Curie point, 

crystallographic changes in BaTiO
3 

occur, first at about 

120 ºC a ferroelectric transition between the cubic, 

paraelectric and ferroelectric phase of tetragonal structure 

takes place. At 5 ºC, the transition to a phase of the 

orthorhombic structure goes on and at -90 ºC to the low 

temperature phase having a trigonal structure [4, 5]. Fig. 1 

illustrates crystallographic changes of BaTiO
3 
[4].  

BaTiO3 powders were conventionally synthesized by 

solid-state reaction between BaCO3 and TiO2 at 

temperatures higher than 1200 ºC [6]. The high 

calcinations temperature required by solid-state reaction 

process leads to many disadvantages of the BaTiO3 

powders, such as large particle size, wide size distribution 

and high degree of particle agglomeration. In this regard, it 

is desired to lower preparing temperature in order to get 

BaTiO3 powder with fine and homogenous microstructure. 

Various chemistry based methods have been developed to 

prepare BaTiO3 at low temperatures. Examples include 

chemical co-precipitation, sol-gel process, hydrothermal, 

molten salt, microemulsion and auto-combustion [7-12]. 

 Mechanically activated processes have been recently 

employed by Benjamin and Gilman to prepare nano-sized 

oxides and compounds [13]. In many cases, the 

mechanical technique is superior to both the conventional 

solid-state reaction and the wet-chemistry-based 

processing routes for the ceramic powder preparation for 

several reasons. It uses low-cost and widely available 

oxides as starting materials and skips the calcinations step 

at an intermediate temperature, conducting to simplified 

process [14].  

The objective of this work is to study the feasibility of 

BaTiO3 formation and ceramics properties obtained from 

powders prepared by mechanically activated the 

constituent oxides.  
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2. Experimental procedures 
 

BaTiO3 was prepared by mechanochemical synthesis 

starting from barium oxide (BaO) from (Alfa Aesar, 88 %) 

and titanium oxide TiO2 in anatas crystal form (Reagelte 

Ruro Cardoerba, 99 %). An equimolar mixture of BaO and 

TiO2 was treated in a Fritsch Pulverisette 2 planetary ball 

mill. The milling medium used was zirconium oxide balls 

around 10 mm diameters. Zirconium oxide vial of 500 cm
3 

was used. Mass of the mixture was 25 g per a vial. The 

Mass ratio ball to powder was 20:1. The angular velocity 

of the supporting disk and vials was 38.04 rad s
-1

 (363 

rpm). Milling time was 1 h.     

The powder synthesized with this method was pressed 

at 98.1 MPa, into 8 × 2.5 mm
2
 pallets, using a cold 

isostatic press. The sample was sintered at 1300 ºC for 2 h 

(in the tube furnace "Lenton", UK). The heating rate was 

10 ºC min
-1

, with nature cooling in air atmosphere. 

 The X-ray diffraction (XRD) data for barium titanate 

powders and for sintered samples were measured using 

CuK radiation and a graphite monochromatic (Model 

Phillips PW1710 diffractometer) under the following 

experimental conditions: 40 kV, 10 º < 2 < 120
 
º, 2  = 

0,020
 
º. 

 Room temperature Raman spectra in spectral range 

from 100 to 900 cm
-1

, in back scattering geometry, was 

obtained by Micro Raman Chromex 2000 using 532 nm of 

a frequency doubled Nd : YaG laser. The spectral 

resolution was 1 cm
-1

.  

The grain sizes and morphology were examined using 

a scanning electron microscope (Model JEOL – JSM 

5300). The microstructure of the sintered samples was 

obtained by polishing and chemical etching with the 

mixture of 10 % HCl with 5 % HF for 60 s. Some of the 

samples were observed on fracture surface. 

The ferroelectric hysteresis loop was measured using 

a standard ferroelectric analyzer based on Sawyer-Tower 

circuit [15]. 

 

 

3.  Results and discussion 
 

The XRD result of powder (Fig. 2) indicates the 

formation of cubic phase of BaTiO3. The appearance of X-

ray reflections at 2 =31.645; 38.955; 45.270 and 56.135 

are in correlation with JCPDS standards, which approve 

that in this way of synthesis the formation of cubic phase 

is obtained. It can be observed that in the case of 

mechanochemistry process, significant amount of 

amorphous phase was detected.  
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Fig. 2.  X-ray data  for BaTiO3  powder prepared by 

mechanochemical synthesis. 

 

 The XRD results of sintered sample shows the 

formation of tetragonal phase of BaTiO3, which is 

approved by the appearance of  X-ray reflections at 2 

=31.530; 38.920; 44.860 and 56.310 (Fig. 3). 
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Fig. 3.  X-ray data of sintered sample BaTiO3 at  

1300 ºC  for 2 h. 
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Fig. 4. Raman spectra at room temperature of BaTiO3 

sample obtained  by mechanochemical  synthesis and 

sintered at 1300 ºC  for 2 h. 

 

 The Raman scattering spectrum of prepared BaTiO3 

was also measured. The Raman-active modes in tetragonal 

4mm BaTiO3 are 4E(TO + LO) + 3A1(TO + LO) + B1 

while there is no Raman-active mode in cubic m3m 

BaTiO3. The E and A1 mode split into longitudinal (LO) 

and transverse (TO) components due to long range 

electrostatic forces associated with lattice ionicity. In the 
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Raman spectrum of BaTiO3, the peaks around 259 and 517 

cm
-1

 correspond to the TO modes of A1, whereas the sharp 

peak at about 306 cm
-1

 is assigned to the B1 mode. The 

weak peak around 717 cm
-1 

is related to the LO mode of 

A1. These are typical peaks in the Raman spectrum for the 

tetragonal BaTiO3 phase. Among them, the peaks around 

305 and 715 cm
-1

 disappear at above the Curie 

temperature, which is the stable region of the cubic phase. 

This means that is it possible to discern between the cubic 

and tetragonal phases by the presence of the two peaks in 

Raman spectrum. Fig. 4 shows the Raman spectrum of 

BaTiO3 with the average crystallite size of 100 nm. From 

the Raman spectrum, it could be found that our sample 

contains the Raman peaks corresponding to the cubic and 

tetragonal phase. Of them, the peak at 305 cm
-1

 was a 

typical one for the tetragonal BaTiO3. Two broad peaks at 

about 280 and 516 cm
-1 

were characterized as ones of the 

cubic phase in BaTiO3. The result of Raman spectrum 

supports that the BaTiO3 ceramic powder in this study 

contains both cubic and tetragonal phases. 

Fig. 5a) shows the SEM photographs of the BaTiO3 

synthesized by mechanochemically. The morphology of 

the powder consists of particles and its agglomerates. The 

agglomerates and particles depend on the synthesis 

method. The particles are big and with irregular shape. 

Average particle size of grains is about 250 nm. The 

average grains size of BaTiO3 sintered sample at 1300 ºC 

for 2 h and prepared from powder obtained by 

mechanochemical synthesis are around 0.75-4 m with 

polygonal shape (Fig. 5b). 

 

 
(a) 

 

 
(b) 

 

Fig.  5.  a) The microstructure of BaTiO3 powders 

synthesized  by mechanochemicly and  b) SEM  image  of  

           the sample BaTiO3 sintered at 1300 ºC  for 2 h. 

 It could be notice that loop is very well performed 

with regular shape typical for ferroelectric materials. The 

remnant polarization was 2 C cm
-2

 and the coercitive 

field was 1060 kV cm
-2

 (Fig. 6). The obtained values 

pointed to the regular microstructure of sintered specimens 

with small nanosized grains. 

 

 
Fig. 6. The hysteresis loop of the sample BaTiO3 sintered  

at 1300 C.  

 

 

4. Conclusions  
 

Our paper reports on work carried out on fine BaTiO3 

powders synthesized via the mechanical activation of BaO 

and TiO2 directly during high-energy milling. The 

resulting BaTiO3 powders have been evaluated for powder 

characteristic. The XRD measurements indicated 

formation of tetragonal structure BaTiO3. However, the 

Raman spectrum suggested that cubic  tetragonal 

structure was achieved for sample BaTiO3 prepared by 

mechanochemical synthesis  tetragonal structure and 

sintered at 1300 C. The particles are big and with 

irregular shape. Average particle size of grains is about 

250 nm. BaTiO3 sintered at 1300 °C exhibit a hysteresis 

loop, confirming that the synthesized material possesses 

ferroelectric properties. 
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