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ABSTRACT
BaTiO3 powder was prepared through a solid-state reaction between the
Ba(NO3)2 and TiO2. The thermal analysis and XRD techniques were used to
study its formation. A single phase BaTiO3 was formed after calcination at
600°C for 6 hrs. The dielectric properties of the sintered BaTiO3 were
determined in the temperature range from room temperature to 200°C at a
frequency ranging from 500Hz to 100 kHz. The relative permittivity and the
dielectric loss of the sintered pellets at 1 kHz, measured at room temperature,
were 1805 and 0.419 respectively.
Keywords: Barium Titanate (BTO ) / preparation & dielectric Properties.

INTRODUCTION

BaTiO3 is one of the most widely used ferroelectric materials, and has
been extensively studied.  It is a good candidate for a variety of applications,
due to its excellent dielectric, ferroelectric and positive temperature coefficient
of electrical resistivity (PTCR) (1, 2). Conventionally, BaTiO3 powder was
manufactured at high temperatures, 1100-1200, by solid-state reaction between
the BaCO3 and TiO2 powders (3-5), or from chemically derived precursors (6-8).
However, these methods produce large, non-uniform, and agglomerated
particles that have to be milled and heat treated again to obtain the required
particle size (0.5-1.5μm) to fabricate reliable electronic components (4, 9).

Some authors reported that, the BaTiO3 fine powders could be obtained
at lower temperature by mechanical activation of raw materials during powder
preparation process (10-14). On the other hand, It was found that, the reaction of
Ba(NO3)2 with TiO2 (anatase) yielded a single phase BaTiO3 at much lower
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temperature than other methods (15). The aim of this work is to prepare BaTiO3

fine powders at lower temperature through solid state reaction, starting with the
Ba(NO3)2-TiO2 mixtures. Thermal analysis and XRD techniques were used to
characterize the prepared BaTiO3 powder and the sintered compacts.

EXPERIMENTAL PROCEDURE

An equimolar mixture of Ba(NO3)2 (99.6% purity, Fisher ChemAlert®
Guide, USA) powder together with a very fine titanium dioxide (TiO2) were
used as the starting materials. The TiO2 was prepared from TiCl4 (Aldrich
Chemical Co. Ltd., Gillingham-Dorset-England) by oxidation and hydrolysis.
The Ba(NO3)2 together with TiO2 starting powders were crushed in agate mortar
for 2hrs, and then passed through a sieve of size 112μm. The sieved powder
mixture was calcined (Carbolite Furnace, GPC 1300, UK)  at 600°C for 1hr and
six hours, with a heating rate of 10°C/min and then furnace cooled.  The as
prepared powders were first calcined at 1200°C for 5hrs and thereafter die-
pressed under a compaction pressure of 381 MPa into discs of 12 mm diameter
and approximately 2 mm thickness.  Finally, the compacts were sintered at
1300C for 5hr with a heating rate of 2°C/min and furnace cooled. The density
of the sintered ceramics was determined by the Archimedes method. The
thermal analysis was studied using differential thermal analyzer (DTA-50,
Shimadzu-Japan), the thermo-gravimetric analyzer (TGA-50, Shimadzu-Japan),
and the thermo-mechanical analyzer (TMA-50, Shimadzu-Japan). X-ray
diffractometer (XRD-3A, Shimadzu-Japan, CuK-Ni filter) was used for phase
analysis. Powder morphology, agglomerations, grain size and the as-fired
surfaces of the sintered bodies were examined using a Scanning electron
microscope (SEM) (JEOL, JSM 5400, Japan). The dielectric properties of the
sintered ceramics were investigated with RCL meter (Philips, PM6304) over the
temperature range from room temperature to 200°C with a frequency ranging
from 500Hz to 100 kHz.

RESULTS AND DISCUSSION

1. Characterization

1.1. Thermal Analysis

Figure (1) shows the DTA-TG curve obtained upon heating equimolar
Ba(NO3)2 and TiO2 powder  mixture. The DTA curve shows clearly well
defined peaks corresponding to the different steps of reaction between the
Ba(NO3)2 and TiO2 to form BaTiO3 material. A total weight loss of the powder
of approximately 34.2% is detected on the TG curve.  The first part of the
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weight loss of 3.2% lies in the temperature range from 25 to 400°C, which
corresponds to the elimination of the adsorbed water in the surface of TiO2

powder. The second part of 31% weight loss lies between 600 and 700°C and
corresponds to the three endothermic peaks at 605, 633.7 and 675.2°C in the
DTA curve. The first peak (at 605°C) might be attributed to the solid-solid
reaction between Ba(NO3)2 and TiO2 powders. The second peak (at 633.7°C) is
due to the reaction between the partially melted Ba(NO3)2 and TiO2.  The last
endothermic peak (at 675.2°C) is due to the complete reaction of the molten
Ba(NO3)2 with the residual TiO2. The formation of BaTiO3 perovskite phase in
the three steps accompanied by the release of NO2 and O2 gases, takes place
according to the following equation:

Ba(NO3)2 + TiO2 → BaTiO3 + 2NO2 + 1/2O2)
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Fig. (1): DTA-TG curve for the Ba(NO3)2-TiO2 powder mixture

In the work of Tagawa et al. (15), the DTA results showed only two
endothermic peaks. They attributed the first peak, at ~600°C, to the melting of
Ba(NO3)2 and the second one, at ~650°C, to the reaction of Ba(NO3)2 with TiO2.
They concluded that the reaction occurs in the liquid-solid phase after the
melting of Ba(NO3)2 at high heating rates (10 and 20°C/min). These results are
not in agreement with the present results which showed that the reaction
between Ba(NO3)2 and TiO2 proceeds during heating up in three consecutive
stages, characterized by three endothermic peaks, as mentioned above. On the
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other hand, their results contradict also with their own TG, which showed that
the temperature at which the reaction of Ba(NO3)2 with TiO2 began, was ~
470°C (which is in agreement with the TG results in the present work for a
similar heating rate, 10°C/min). This temperature is much lower than the
melting temperature of the Ba(NO3)2, which means that a solid-solid reaction
between Ba(NO3)2 and TiO2 powders occurs before the melting of Ba(NO3)2.

1.2. Phase Analysis
Figure (2) shows the XRD patterns of two Ba(NO3)2 and TiO2 powder mixtures,
calcined at 600°C for one hour for the first and six hours for the second.  From
the figure it can be seen that, after calcination of the mixture for one hour, TiO2

and Ba(NO3)2 phases still existed, indicating that a calcination time of one hour
was not enough for complete formation of BaTiO3.  When the powder mixture
was calcined at this temperature for additional five hours, i.e. 6 hrs in total, a
single phase perovskite BaTiO3 was then obtained.  Mchals et al. (16) showed a
complete formation of a single phase BaTiO3 after calcination of Ba(NO3)2 and
TiO2(NO3)2 mixture at 600°C for 10 min in O2, which is in agreement with the
present result.  No peaks for BaO or any other intermediate phase appeared in
the XRD patterns.  However, the conclusion derived from the XRD did not
correspond exactly to that derived from the thermal analysis (Figure-1).
According to the XRD pattern the BaTiO3 formation was complete at a
temperature 600°C which is 75°C lower than that obtained from the DTA
(675°C). This difference might be attributed to the mixture being subjected to a
rapid rate of heating (10°C/min.) in the DTA without holding at temperature.
While the mixture used in the XRD analysis was already calcined for six hours
at 600°C.
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Fig. (2): XRD patterns of the Ba(NO3)2-TiO2 powder mixtures calcined at 600°C

1.3. Powder Morphology, Crystallite Size and The Specific Surface Area
(BET)

The SEM micrograph, Figure (3), shows the morphology of the BaTiO3

powders prepared from the reacted Ba(NO3)2-TiO2 powder mixture at 600°C for
6hrs. It can be seen from the figure that, the powder contains fine and coarse
agglomerates.  The size of the agglomerates which are mostly spherical is in the
range from 0.3μm to 3μm.  The values of the crystallite size obtained from the
XRD line broadening and equivalent sphere diameter calculated from the
specific surface area for the as prepared BaTiO3 powder (Table-1) showed that,
the equivalent sphere diameter is nearly 11 times greater than the crystallite
size, indicating that each agglomerate on the average consists of eleven crystals.

Fig. (3): SEM micrograph for the BaTiO3 powder prepared from the Ba(NO3)2-
TiO2 powder mixture calcined at 600°C for 6hrs.
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Table (1): The crystallite size, specific surface area, and equivalent sphere
diameter for the BaTiO3 powders prepared from the Ba(NO3)2
and TiO2.

Crystallite size from XRD, nm 23.8

Specific surface area (BET), m2/gm 3.8519

Equivalent sphere diameter from BET, nm 258.7

2. Characterization of The BaTiO3 Sintered Compacts

Figure (4) shows the SEM micrograph of the surface of sintered BaTiO3

compact.  The figure shows apparently a bimodal grain size distribution, where
relatively small grains having a size less than 1μm, coexist with relatively large
grains up to 5μm in size. The relative density of sample prepared from the as
prepared BaTiO3 powder and sintered at 1300°C for 5hrs in air was only 75 %
of the theoretical density. In general, it is well known that fine particles have
large specific surface area and that they strongly tend to get agglomerated either
during synthesis or post-processing. This tendency to form agglomerates, can
lead to microstructures with defects, like the large pores with crack-like shape,
which cannot be eliminated during conventional sintering and consequently
causes some difficulties in preparing a dense ceramic.  Moreover, conventional
sintering caused exaggerated grain growth, thus losing the advantages of the
fine grain size. In previous studies efforts have been done to optimize
densification and to control the grain growth, by using sintering aids or applying
particular sintering conditions (17-20).

Fig. (4): SEM micrograph of the surface of BaTiO3 compact sintered at 1300/5hrs
in air
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3. Electrical Properties of BaTiO3

Figure (5) shows a plot of the relative permittivity, εr and dielectric loss
tanδ as functions of temperature and frequency for the samples made from the
as prepared BaTiO3 powder and sintered at 1300°C for five hours.  From the
figure it can be seen that, the dielectric properties changed significantly with
temperature. The maximum values of the relative permittivity were obtained as
expected at the Curie temperature at 130°C; upon increasing the temperature
above the Curie temperature εr decreased to its values at the room temperature.
While the dielectric losses tanδ showed minimum values at the Curie
temperature and then increased to its values at the room temperature upon
increasing the temperature.  The dielectric constant and dielectric losses slightly
decrease upon increasing the frequency.  The values of the dielectric constant
measured at room temperature in the present study are in agreement with those
obtained by X. Wang et al. (21) and M. Cernea (22).  On the other hand, these
values of the dielectric constant are relatively small in comparison with other
published values (5, 20, 23). This was due to the effect of high porosity and the
large grain size in our samples. The presence of porosity not only decreases the
value of the permittivity but also increased the dissipation factor in agreement
with Nicolić et al., (13) and Alles et al., (20).

The dielectric constant measured through several investigations on
sintered barium titanate, showed greet difference between the different
published results, for different reasons; Kwon et al. (24) state that tetragonality is
correlated to ferroelectricity that is characterized by high dielectric constant.
Frey et al. (25) showed that tetragonality is an increasing function of processing
temperature.  While Wu et al. (5) showed that the grain size affect both the room
temperature and Curie temperature dielectric constant in such a way that; less
dense and lower tetragonality but smaller grain size sintered BaTiO3, will have
higher dielectric constant than the larger grained materials.  In contrast to Wu et
al. (5) results, Li et al. (8) showed that coarse grained BaTiO3 ceramics showed
higher dielectric constant than the finer one. In addition, Alles et al. (20) showed
that for large grain size and high sintered density, higher values for both room
and curie temperature dielectric constants could be obtained for BaTiO3 having
Ba to Ti ratio of 1.007 if compared to that having 0.993 Ba to Ti ratio. Nano-
sized BaTiO3 ceramics prepared by Ahmed et al. (26) showed very low values for
the dielectric constant.

The sintered density of BaTiO3 should have an effect on the values of
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the dielectric constant, because the density is a measure of the porosity that
exists in the sintered BaTiO3.  This porosity in its amount is not as important as
its distribution which could be a detrimental factor on the values of the
dielectric constant.  This reaches its atmost harmful effect when the pores get
agglomerated in the form of a large pore in a lateral position inside the sintered
BaTiO3 disk, which could form a series capacitors or reducing the effective
capacitance area of the BaTiO3 sample, resulting in low overall capacitance and
consequently low dielectric constant.
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Fig. (5): Dielectric properties as a function of temperature and frequency for the
BaTiO3 prepared from Ba(NO3)2 -TiO2 powder mixture and sintered at 1300/5 hrs

Figure (6) shows the changes in the reciprocal permittivity with
temperature above the Curie temperature, where the dielectric behavior can be
characterized by Curie-Weiss law. Where, C is the Curie constant, Tc is the
Curie temperature, εo is the permittivity of the free space. The figure showed a
linear relationship from the slop of which a Curie constant of 1.43 x 105 C is
obtained. This value is in good agreement with the value obtained by Babkair et
al. (27) and Kim et al (28) for pure barium titanate.
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Fig. (6): Reciprocal of relative permittivity versus temperature at T>Tc

CONCLUSION

The BaTiO3 powder was synthesized from 1:1 molar ratio Ba(NO3)2-
TiO2 powder mixture. The thermal analysis and XRD techniques were used to
study its formation. The dielectric properties of the sintered BaTiO3 were
determined in the temperature range from room temperature to 200°C. It was
found that, 100% BaTiO3 phase was formed upon calcination at 600°C for 6hr.
The DTA-TG results showed that the reaction between Ba(NO3)2 and TiO2

proceeds during heating up in three consecutive stages; the solid-solid reaction
between Ba(NO3)2 and TiO2 powders, the reaction between the partially melted
Ba(NO3)2 and TiO2 and the complete reaction of the molten Ba(NO3)2 with the
residual TiO2 (liquid-solid reaction).  The DTA-TG results and XRD patterns
showed that the formation of BaTiO3 phase from Ba(NO3)2 and TiO2 powder
mixtures proceeds readly i.e. Ba(NO3)2 did not decompose to BaO. The room
temperature relative permittivity of the sintered BaTiO3 at 1 kHz was 1805.
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المؤتمر الدولي الثالثالمؤتمر الدولي الثالث
للعلوم اإلشعاعیة وتطبیقاتھاللعلوم اإلشعاعیة وتطبیقاتھا

مصر-الغردقة –٢٠١٢نوفمبر ١٦–١٢

ضرة من خلیط من دراسة وخصائص العزل الكھربي لتیتانات الباریوم المح
نیترات الباریوم وأكسید التیتانیوم

 ¤ ¤ ¤ * ¤
 * ¤ ¤

-- Ư*-

تم تحضیر تیتانات الباریوم من خالل طریقة تفاعل الحالة الصلبة بین نیترات الباریوم وأكسید 
طور واحد من مادة تیتانات الباریوم . فى دراسة  تكونھاXRDتم استخدم التحلیل الحرارى و. التیتانیوم

الكھربى لتیتانات لتم قیاس خصائص العز. یةدرجة مئو٦٠٠ساعات عند ٦تكون بعد الحرق لمدة 
درجة مئویة وذبذبة ٢٠٠بعد الحرق فى مدى حرارى من حرارة الغرفة حتى ) BaTiO3(الباریوم 

وقد وجد أن السماحیة النسبیة والفقد للعزل الكھربى عند . كیلو ھرتز١٠٠ھرتز الى ٥٠٠تراوحت من 
على٠٫٤١٩و١٨٠٥رتز للعینات المحروقة درجة حرارة الغرفة وعند ذبذبة واحد كیلوا ھ

.التوالى
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