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1- Introduction

Alumina (aluminum oxide, Al»Os3) is one of the most widely
used ceramics due to its high hardness and strength (at low and
high temperatures) and good insulation properties. However,
to improve the mechanical properties and especially the
fracture toughness of this material, making composites from
alumina is very important. Several studies have been
conducted by researchers to improve the mechanical
properties of alumina-based composites due to their inherent
brittleness. For example, various particles have been added as
reinforcements, such as zirconia, carbon nanotubes, silicon
carbide, etc. Alumina-yttria-based ceramic composites have
been used in aerospace engineering, as components for jet
engines in the aircraft industry and machine tools. The two-
phase microstructure resulting from the sintering of alumina
and yttria powder mixtures forms alumina and yttrium
aluminum garnet which is homogeneously distributed in the
product. After sintering, compressive residual stress is created
in the products which is due to the difference in the thermal
expansion coefficient of these two phases. This behavior
reduces the propagation of cracks and thus increases the
fracture toughness of this ceramic composite. In recent years,
the production of raw materials from wet chemical methods
has received much attention due to the purity and quality of
these methods. Different techniques have been employed for
synthesizing nanoparticles such as co-precipitation, sol-gel,
hydrothermal, combustion, solvothermal, etc. Sol-gel method
is widely used for the production of homogeneous
nanocomposites due to the suitable mixing of the raw
materials and has been of great interest in recent years.
Therefore, the aim of the present research is to make in situ
composite nanoparticles based on alumina-yttria composite by
sol-gel method. Then the resulting powder will be
characterized and the effect of heat treatment on the phase
changes and the size of its crystals will be investigated. The
produced nanocomposite powder is then isostatically pressed
and pressureless sintered at different temperatures. The
density and hardness of these samples were investigated.

2- Materials and Methods

Raw materials for synthesis nanopowder by sol-gel method
included AICI;-6H,0, Al powder, Y,03 and HCI. For this
purpose, yttrium oxide powder was first dissolved in HCI.

Then, aluminum and aluminum chloride were added to the
solution. The amount of raw materials was chosen based on
10 wt.% of yttria. The precursor solution was continuously
stirred at 100 °C for 4 h to completely dissolve the raw
materials and aged at 60 °C. The viscosity of the solution
gradually increased and finally, the solution turned into a hard
gel. The gel was dried at 80 °C for 48 h. The dried gel was
calcined in an electric furnace at different temperatures and
then ground using an alumina vial and pure alumina balls in
an ethanol medium to break the powder agglomerates. The
obtained powder was dried again at 80°C. To make the parts,
the powders were pressed under a pressure of 80 MPa and then
pressureless sintered at different temperatures.

The morphology of the powders and the surface of the
composite parts were examined using a Philips XL30
scanning electron microscope. To check the density of the
sample, Archimedes' method was used in water liquid.
Vickers hardness was measured by Wolpert 430 hardness
tester with a load of 1.5 kg and a dwell time of 15 seconds.

2- Results and discussion

The X-ray diffraction results of the samples are shown in
Figure 1. The X-ray diffraction patterns of the heat-treated gel
at 600 °C do not show a peak, which indicates that the
structure is amorphous and irregular. As the temperature
increases to 700 °C, peaks related to Theta alumina phase
appear. The intensity of the peaks increases up to 1000 °C,
which indicates the growth of crystallites. At the temperature
of 1100 °C, the intensity of the peaks related to the theta
alumina phase decreases, which indicates the decomposition
of this phase. At a temperature of 1200 °C, alpha alumina
peaks appear and peaks related to theta alumina phase are
removed. In fact, at high temperatures, the intermediate phases
of alumina become unstable and the alpha phase, which is the
stable phase of high alumina temperature, replaces the
intermediate phases. In addition, the peaks related to the
hexagonal YAIOj; are observed at 1100 °C. By increasing the
temperature up to 1200 °C, Y3Als012 phase was formed.
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Fig. 1. X-ray diffraction patterns of calcined samples at
different temperatures.

Figure 2 shows the relative density of the samples after the
sintering. In general, the density of samples has an upward
trend with increasing temperature. However, this density
increase follows a specific pattern. The sintering plot shows a
sigmoidal shape. Sintering starts at about 1200 °C, however,
the slope of the line at this temperature is low, which indicates
the low speed of densification. This low rate is due to low
temperature. As the temperature increases to 1300 °C, the
condensation rate increases dramatically. In this area, the
sintering mechanisms including grain boundary diffusion and
volume diffusion are well activated. After 1500 °C, the final
step of sintering initiates. The rate of densification decreases
which is due to the increase in the size of the grains and also
the confinement of the pores inside the grain. It causes the
diffusion paths of atoms to become long and hard.
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Fig. 2. Densification of the samples by changing the sintering
temperature

The Vickers hardness test was performed to study the
mechanical properties of the samples. The effect of annealing
temperature on the hardness of the samples is shown in Figure
3. The results show that the hardness of the samples increases
with the increase of the sintering temperature, and for the

sample sintered at 1600 °C for 3 hours, the hardness is about
14 GPa. The higher hardness is attributed to the higher density
of this sample.
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Fig. 3. The hardness of sintered samples at different
temperatures

4. Conclusion

In the present study, composite powder based on alumina-
yttria was synthesized via a sol-gel method. The powders were
sintered at different temperatures. The results of X-ray
diffraction showed that the produced powder initially has an
amorphous structure, and after heat treatment, alumina phases
and yttrium aluminum garnet are formed. The samples
sintered at a temperature of 1600 °C reached about 96%
relative density. The hardness of the samples increased with
the increase in the sintering temperature.
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Fabrication and Characterization of Al,Os-Y,03;Based Composite

Sayed Ali Hassanzadeh-Tabrizi

Abstract In the present research, nanoparticles based on the alumina-yttria system were synthesized using a sol-gel
method. Then, the effect of heat treatment on the phase evolution and crystallite size in this composite system was
investigated. The produced composite powder was characterized using X-ray diffraction and scanning electron
microscopy. Scherrer equation was used to investigate the effect of temperature on crystallite sizes. The composite powder
was cold isostatically pressed and subjected to a pressureless sintering process at different temperatures to evaluate its
density changes. The X-ray diffraction results showed that the powder sample was initially amorphous. By increasing the
temperature, the components of this composite system reacted and Alpha-Al,O3 and Y3AlsO1, phases are formed. The
crystallite size of the Theta-alumina phase grew with increasing temperatures up to 1000 <. At higher temperatures,
crystallite size decreased due to the decomposition of theta-alumina. The density of the samples increased by increasing
the temperature up to 1600 < so that the samples reached a relative density of about 96%. The densification curve of
the composite showed three different stages during sintering. Examining the hardness of the samples showed that the
hardness increases with the increase of the sintering temperature, and in the sample sintered at 1600 < for 3 hours, the
Vickers hardness reached about 14 GPa.

Keywords Alumina, Yttria, Composite, Sol-gel.
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