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ABSTRACT

A series of experiments of processing of two oxide ceramics (Al,Os3 and SiO;) as well as Al,O3-SiO, composite by
using microwave energy have been performed and reported by authors. The microwave sintering results were then
compared to conventionally sintered results for every experiment to investigate a microwave effect. The reduction of
processing time compared to conventional was found in all microwave experiments. In this paper, pore reduction and
densification of Al,Os and SiO; after sintering are reported. The faster pore reduction and higher in densification were
observed in microwave sintered samples on both materials. The higher densification rate could be attributed to an increase
in mass transport rate during sintering. The enhanced pore reduction rate in microwave sintering is promising a technology

to produce a high density with fine grains of the oxide ceramics.
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1. INTRODUCTION

The development and availability of hardware
and the gradual acceptance of microwave technology in
led to a remarkable growing interest on the material side.
Specially on ceramic processing, application of microwave
energy is increasing rapidly within the past twenty years.
It is not only because it opens the possibilities for
processing with low cost but also promising a new
technology to get desired material properties. Generally,
properties of microwave heating are: volumetric,
potentially uniform in heat distribution, no thermal lag,
selective heating, and quick heating. Al,O3 and SiO, are
the most sintered oxide ceramics by microwaves [1]. The
previous study in processing of ceramics on alumina [2-4],
silica [5-6], ferrites [7-8] suggested that it is possible to
produce materials by using microwave energy with fast
heating. However, despite the potential implication of
microwave processing for ceramics, there has been little
published work which using high microwave frequency
[10]. Microwave, 2.45 GHz has been the most availability
and feasibility devices up to now. For ceramic processing,
2.45 GHz systems with a few kilowatts of power are also
widely available. Recently, an advanced progress in the
development of microwaves sources has been produced a
material processing material system with higher frequency
electromagnetic waves, such as, millimeter and
submillimeter waves [11-14]. However, these devices are
still limited available because very expensive for ordinary
laboratory.

Abundance and availability of agricultural wastes
can be processing to be a more valuable product.
Agricultural by product are usually inexpensive, and their
effective utilization is a desired outcome. Rice husk is one
of agriculture wastes which abundant and not utilized
properly for significant industrial use in Indonesia except
to a small extent as animal seeds supplement. It was
found that when rice husks are burnt, the resulting back

ash contains over than 60 % of silica. The silica of rice
husks with many impurities can be converted into high
purity amorphous silica. Other application of rice husk has
been reported by Nornikman, et al., for microwave
absorber [15].

In this work, silica ceramics from local rice husk
as well as a commercial alumina powder were prepared
and sintered by using a microwave of 2.45 GHz.
Examination of pore reduction and density of material
after sintering was performed. Results of conventional
sintering were used as comparison.

2. MATERIAL AND METHOD

Silica powder was produced from rice husk ash
from Kendari, Indonesia. The procedure of extracting
silica from rice husk ash has been published elsewhere
[16]. The starting powder of alumina was used a
commercial alumina powder, an AES-11C. The powders
were dispersed in de-ionized water with 0.3wt%
dispersant, an ammonium polycarboxylate acid to form
slurry. The dispersant was added to the slurry to prevent
the agglomeration of the suspended powder particles.
Cylindrical samples were then formed. After formed, the
samples were pressed and followed by pre-sintered. After
pre-sintering, alumina compacts were then sintered by
using microwaves and conventional. A 2.45 GHz
microwave oven was applied for microwave heating
system. The temperature was measured by using
thermocouple equipped with a controlling system. In this
system, the temperature was measured carefully, and has
been tested in several experiments. In order to achieve the
homogenous heating, the sample was placed inside a
alumina fiber-board as thermal insulation. Because of the
use of thermal insulation, we can assume that no
significant temperature difference between the surface and
internal sample occurred in experiments. After holding the
samples at the desired temperature, cooling was carried
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out naturally with the samples left inside the oven. The
conventional sintering was performed by using an electric
furnace. The sintering temperatures were from a
temperature of 400 °C to 1200 °C in air. Density of the
samples was measured based on the Archimedes's method
where de-ionized water used as an immersion medium.
The procedure used in this study was concomitant with the
standard test method described in detail by the American
Society for Testing and Material Specification, ASTM
C373-88 [18]. Porosities were calculated from SEM
photos. Before take a SEM, sample surface was coated
with evaporated platinum (Pt) before SEM photos were
taken. Gray scale SEM photos were processed by various
images processing programs before the pore calculation.

60 4

The total pore was then determined for each sintering
temperature by Image software.

3. RESULTS AND DISCUSSIONS

3.1 Sintering of alumina

Figure-1 shows pore reduction of alumina after
sintering by microwave (2.45 GHz) and conventional
(electric furnace). It shows a faster pore reduction in
microwave sintering. Moreover, pore reduction is also
start at earlier sintering temperature in the microwave
sintering method. It is indicated that different sintering
kinetic between two sintering process.
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Figure-1. Pore reduction of alumina with increasing sintering temperature.

Figure-2 shows densification of sintered alumina
with increase in sintering temperature for alumina.
Compared to the conventional sintering, samples sintered
in microwave showed a more rapid densification. The
greatest shift in densification is approximately 8 % at

sintering temperature 1200°C. Such phenomena on
densification of alumina has been also reported previously
[9]. The densification result agrees with the porosity
reduction result shown in Figure-1.
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Figure-2. Densification profile of microwave and conventionally sintered alumina.

3.2 Sintering of silica

Experiments of sintering silica from rice husk ash
by using microwave energies were successfully performed
by using 2.45 GHz. Some experiment results are presented
in this section. Figure-3 shows the reduction of porosity of

silica samples with increased sintering temperatures in
microwave and conventional sintering. Compared to the
conventional, samples sintered by using microwave
indicating a more efficient removal of porosity.
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Figure-3. Pore reduction of silica with increasing sintering temperature.

At low temperature below 800°C, these pores are
ascribed to the empty sites of the evaporated water and to
some residues of alcohol binder as well as to combusted
residual organics when the sintering process takes place
in this temperature range [14]. In the high temperature

of 900 to 1200°C, the increase in density is because
of the condensation reactions occurs on the surface of Si-
O-H left in pores of the silica that are responsible for
decreasing the porosity.
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A comparison of Figure-1 and Figure-3 shows
that the difference in the amount of porosity between
microwave and conventional is more pronounced in silica
than in alumina. For silica, in the temperature range up to
800°C it is characterized by almost constant porosity for
the conventional processing. However, these results
suggested that microwave fields enhance pore reduction

on both ceramics. Figure-4 shows the densification
behaviour of silica after sintered by using microwave and
electric furnace (conventional). As in sintering of alumina,
the graph shows a faster densification on microwave
sintering. The result suggests that microwave enhances
sintering during silica processing.
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Figure-4. Densification profile of microwave and conventionally sintered of silica.

The faster pore reduction and higher in
densification observed in microwave sintered oxide
ceramics could be associated with atom diffusion rate
during sintering [19]. This could be associated to the
increase in either driving force or apparent activation
energy of diffusion. The preliminary estimation of
apparent activation energy of alumina revealed that the
apparent activation energy of microwave sintering is much
lower than that in conventional sintering samples. The
details of experiment results of apparent activation energy
estimation will be published elsewhere in separate paper.
Next experiment will be prepared for more details
characterization of sintered samples to reveal more
microwave mechanism of microwave materials.

4. CONCLUSIONS

Processing oxide ceramics by using microwave
energy, 2.45 GHz, to produce a high density compact was
successfully performed. Two powders were applied as
starting materials. Compared to conventional results, the
densification of microwave at same sintering temperature
is much higher. The results found in this study suggest that
microwaves increase in atom diffusion rate during
sintering.
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