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Abstract

The changes of physico-chemical properties of mechanochemically pretreated (BaCO3+TiO2+PbO)
powders were investigated. The values of apparent activation energy of BaTiO3 formation calcu-
lated by the Freeman and Carroll method decrease with milling time. The changes of precursors den-
sity may be interpreted as a consequence of mechanochemical reactions during milling.
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Introduction

BaTiO3 powders modified with dopants belong to materials with a positive tem-
perature coefficient of resistance. These powders are traditionally prepared by
solid-state reactions between barium carbonate or oxide, TiO2 and dopants at tem-
peratures above 1000°C [1–3].

There are several possibilities of influencing the properties of the arising solid-
phase product. One of them is the mechanochemical pretreatment of the precursors
by high-energy milling [4–8]. In our preceding study [9] we investigated the influ-
ence of milling of the precursors of high-temperature synthesis of BaTiO3 on XPS
properties and the morphology of synthetized particles.

The aim of this study was to obtain information about thermal properties and
density of mechanochemically pretreated (BaCO3+TiO2+PbO) powders which
are the precursors of doped BaTiO3 ceramics.
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Experimental

The investigations were carried out with chemically pure substances, i.e. BaCO3 (for
ferroelectrics), TiO2 anatase (for ferroelectrics) and PbO yellow. All chemicals were the
products of Lachema (Czech Republic). Before the experiments a mixture with molar ra-
tio BaCO3:TiO2:PbO = 1.00:1.15:0.10 was homogenized by stirring in methanol for
60 min.

The homogenized samples (20 g each) were mechanically activated in a plane-
tary mill (Pulverisette 4, Fritsch, Germany) under the following conditions. Ball
charge: 11 balls, 20 mm in diameter plus 15 balls, 10 mm in diameter; ball material:
agate; time of activation: 30–240 min in methanol (35 ml); relative acceleration of the
mill: b/g=12.4.

The specific surface area SA was determined by the low-temperature nitrogen
adsorption method in a Gemini 2360 sorption apparatus (Micromeritics, USA).

Combined TG-DTA measurements were carried out on a thermoanalyser Mac
Science working in the following mode of operation: sample mass, 30 mg; tempera-
ture range 293–1372 K, air flow-rate 200 ml min–1, linear rate of heating 6 K min–1.

The activation energy of the BaTiO3 formation was calculated from TG data by
using the Freeman and Carroll method [10].

Results and discussion

The properties of mechanically activated mixture of the precursors (BaCO3+TiO2+PbO)
of high-temperature synthesis of BaTiO3 were investigated by the methods of thermal
analysis. In Fig. 1 the TG-DTA record obtained for the mixture activated by milling for
30 min is represented (note: the records obtained for other milling times are qualitatively
similar). The TG curve (1) shows gradual decrease in mass of the sample up to
1073 K where this decrease becomes considerably marked. On the DTA curve (2) we can
identify three endoeffects at characteristic temperatures of 572, 1097 and 1190 K. The ef-
fect with the maximum at 572 K may be due to the decomposition of Ba(OH)2. This
compound is formed by hydration of BaO which is a product of partial decarbonization
of BaCO3 during milling. The effect at 1097 K corresponds to phase transformation
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Fig. 1 TG-DTA record for sample activated 30 min



α-BaCO3→β-BaCO3 [11]. It is overlapped by the most conspicuous endoeffect on the
DTA curve at 1190 K and accompanied by a considerable decrease in mass of sample.
This decrease is due to the liberation of carbon dioxide arising in high-temperature syn-
thesis of BaTiO3 according to equation

BaCO3 + TiO2 → BaTiO3 + CO2 (1)

The initial temperature of the endoeffect discussed appears at about 873 K which is
in good agreement with the statement of Tagawa [1] who the attributes the initial temper-
ature of 893 K to reaction (1).

The values of apparent activation energy of BaTiO3 formation calculated from
the TG data are plotted in Fig. 2 as a function of milling time. In general, we can state
that the activation energy of the process of high-temperature synthesis decreases with
milling. According to Karagedov [12] the intensive milling of titanium dioxide and
barium carbonate results in formation of particle aggregates owing to which the indi-
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Fig. 2 Dependence of experimental activation energy of BaTiO3 formation on activa-
tion time tG

Fig. 3 Variation of specific adsorption surface SA (1) and density d (2, 3) with activa-
tion time tG, media applied by measuring the density: 2 – C6H6; 3 – CH3OH



vidual precursors of the solid-phase reaction come in more closer mutual contacts.
This fact promotes the following thermal reaction because the diffusion paths of reac-
tion substances are shortened and the interfacial reaction surface is increased. These
facts bring about a decrease in activation energy of solid state reaction (1).

According to the course of the specific surface of the precursors mixture (Fig. 3,
curve 1) we can state that this parameter increases with activation time in the whole
investigated interval. It is likely that the increase in surface results in an increase in
number of contact points of reacting particles and the reaction exhibits lower activa-
tion energy.

The course of density of reacting particles measured in two media – benzene
(Fig. 3, curve 2) and methanol (Fig. 3, curve 3) is similar. The differences are due to
different densities of the used liquid medium. The values decrease with the activation
time up to 120 min. This effect is to be unambiguously incident to particle disintegra-
tion during grinding. However, the course of density values at tG>120 min shows the
opposite tendency. The increase observed could be explained by particle compaction,
nevertheless only in case of their specific surface is subject to stagnation or reduction.
However, in our case the surface increases and that is why we can assume the exis-
tence of mechanochemical reaction. The interpretation is not unambiguous. It may be
a case of BaCO3 decarbonization in mill and subsequent hydration of BaO to
Ba(OH)2 as we have discovered in our preceding work by investigating the XPS
properties of these samples [9]. The second possibility of explaining the increase in
density values may proceed from the beginning phase transformation anatase→rutile
taking place in the course of long-term grinding. Avvakumov [13] has found that the
phase transformation of these TiO2 forms is accompanied by a density increase just as
a result of rutile origination.

The changes in properties of the precursors of high-temperature BaTiO3 synthe-
sis indicate the fact that besides the favourable homogenization effect milling may
also produce other effects which ought to be identified.
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