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Abstract: Microwave synthesis of Ba,TigO,, was realized. The dependence
between microwave characteristics, the duration of treatment and the degree
of transformation of initial reacting powder was examined. At the same time,
features of samples sintered by microwaves were compared to those sintered by

conventional methods (in electric furnaces).

1 INTRODUCTION

The development of knowledge related to thermal
effects of microwave (MW) radiation leads to the
extension of their applications in the fields of:

— dewatering, drying;

— production of high temperatures and
the possibility of heat treatment to related
temperatures.!

When conventional processing is used, the heat
is transmitted to the surface of the sample and
the energy is then transferred within the bulk by
thermal conductivity. The heating requires long
periods of time because the coefficients of thermal
conductivity are small and in order to reduce ther-
mal stresses. These methods of indirect heating
lead to an important growth of crystal within the
materials obtained in this way.

Microwave radiation is characterized by volume
energy. Its conversion in thermal energy leads to a
rapid heating of the whole mass of the solid body
(in particular, ceramics). In this way it is possible
to reduce thermal stresses and also the product’s
grain size.

2 CONSIDERATIONS ON MICROWAVE
ENERGY USED FOR DIELECTRIC
CERAMIC SYNTHESIS

Dielectric materials are able to absorb MW
due to the polarisation that takes place within
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the material when an electromagnetic field is
applied.

For MW frequencies (107-10'3 Hz), two
mechanisms of polarisation are important for MW
heating, namely atomic or ionic polarisation and
dipole (orientation) polarisation.

The polarization is delayed when an electric field
is applied. This loss of kinetic energy is dissipated
as heat.

The equation that governs the heating of a
dielectric in an electric field is:?

P =2uf'E?

where P is the dissipated power, f is the frequency
of the electric field, € is the dielectric loss factor
and F is the electric field within the dielectric.

It could be observed that the heating of a
dielectric material using MW energy (the amount
of power that can be dissipated within the body),
for a given electric field intensity, depends directly
on the dielectric loss of that material.

Previous research works®>~’ have mentioned the
possibility for a wide range of oxide ceramic mate-
rials (with a high capacity to absorb MW energy
and to convert it into thermal energy) to be heated
and even melted using MW energy. Also, the sin-
tering of BaTiO; by MW processing has been
reported.?

The purpose of the present work is to initiate the
study of MW synthesis of TiO,-rich barium tita-
nates, and also to compare them with compounds
that were synthesized by conventional methods.®
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3 CONDITIONS
PROCEDURE

AND EXPERIMENTAL

Until now, after the knowledge of authors, there
have not been reported works on MW synthesis of
Ba,TigO,¢ ceramics. Due to this reason it was
interesting to carry out a comparative study of
Ba,;TigO,¢ material manufactured by conventional
and MW processing.

By conventional processing, powders of BaCO;
and TiO, were mixed according to Ba;TisOzg
stoichiometry. The samples were obtained by uni-
axial pressing and sintered in an electric firing kiln
at temperatures between 900 and 1400°C. The
duration of heating up to the maximum firing
temperature was between 6 and 10 h, depending on
the value of sintering temperature. The samples
were maintained at maximum temperatures for 3 h.

The Ba,Tig0, specimen obtained by MW tech-
nique also started from BaCO; and TiO, powders,
according to Ba,TigO, stoichiometry. The equip-
ment used for this heat treatment consists of a
microwave source (2450 MHz magnetron), a
waveguide and a cavity resonator. The batch for
the reaction, as powder, was placed in the centre of
the cavity. The samples were exposed to different
powers, for different periods of time (1-5 min).

The Ba,TigO,; ceramic materials produced
by conventional and MW techniques were
characterized by X-ray diffraction (in order to
get information regarding phase evolution and
crystal symmetry) and optical microscopy (for
microstructure determination).

4 EXPERIMENTAL RESULTS

The diffraction patterns (considered by the most
important lines between d =3.18 A and d =297
A) for the samples prepared by the conventional
method have shown that Ba,TigO,g lines are pre-
sent at 1000°C, together with those belonging to
TiO,. Ba,TigOy is stable up to 1400°C (Fig. 1).

Ba,Tig0y synthesized using MW energy was
identified by X-ray diffraction in samples obtained
for incident powers between 800 and 1000 W. The
temperature within the material was difficult to
establish, although it could be shown to lie in the
approximate interval between 1000 and 1300°C.

Figure 2 illustrates the formation of Ba,TigO»q
using MW energy, corresponding to 1000 W inci-
dent power. The amount of Ba,TigO,o formed by
using MW energy increases when the incident
power increases from 800 to 1000 W (Fig. 3), and
also when the reaction time, for the same incident
power, is longer (Fig. 4).
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Fig. 1. Ba,TigOy synthesized by the conventional method.
(Duration of heat treatment: 14 h).
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Fig. 2. Ba,TisO,y synthesized by MW processing. (Duration
of heat treatment: 5 min).
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Fig. 3. Phase evolution (Ba;TigO,0 and TiO,) versus power.
(Time was constant: 5 min).
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Fig. 4. Time influence on the amount of Ba,TiyOy at 900 W.

It was observed that the amount of con-
ventionally synthesized Ba,;TisO,y increased with
the time of maintaining maximum temperature
(from 1 to 3 h), and also with the increasing of
temperature up to 1400°C.

For the ceramics synthesized by the MW techni-
que, the microstructure changes due to the proces-
sing conditions (corresponding to the values of
reaction time and incident powers) are illustrated
in Fig. 5(a)—(e).
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Fig. 5. Evolution of microstructure for different values of MW power and time. (a) 800 W-5 min; (b) 900 W-1 min; (c) 900 W-3
min; (d) 900 W-5 min; (e) 1000 W-5 min.

As was expected, for the same incident power,
the increasing of reaction time leads to large grains.
The same influence, less evident, was also observed
when increasing incident MW powers, for the same
reaction time (5 min). Probably this influence is
more important when the reaction time is shorter.

5 CONCLUSIONS

The present work showed the possibility of
Ba,TigO, synthesis using MW energy, when cer-
tain parameters are fixed. MW processing would
allow an important decrease of the time required
for the heat treatment and also produce a dense
microstructure, with small grain size within the
ceramic specimen.

It is also possible for other TiO,-rich barium
titanates to be obtained in the same way.
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