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Also results showed that with increasing of sintering temperature to 1300 °C, due to crystallization in fused silica
and as a result the formation of cracks in matrix, flexural strength decreased but the hardness and toughness

increased slightly.
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1. INTRODUCTION

Advanced ceramics have a combination of desirable
properties such as high hardness and strength, high
temperature tolerance, chemical neutrality, erosion
resistance and low density [1]. Mechanical properties of
fused silica matrix composites with reinforced zirconia
particles are usually much better than pure ceramic parts
[2, 3]. In these composites, mechanical strength and
hardness and other properties are often improved [4]. In
the SPS method, shaping and sintering are done in one
step, and due to the use of pulsed current with high
amperes, the heating rate is very high, and therefore the
overall sintering time is greatly reduced compared to the
other sintering methods. The lack of grain growth, easy
operation, no need for various additives and initial
pre-pressing, etc. are among the advantages that can be
mentioned for this method [5, 6].In this research,
stabilized fused silica-zirconia composite with high
density and uniform microstructure was prepared by
SPS method to achieve optimal mechanical properties.
In order to make the distribution of stabilized zirconia
particles uniform in the matrix of fused silica powder, it
was mixed with 5 % by weight of zirconia in a high-
energy SPEX machine, and then the powders prepared
using SPS at temperatures of 1100, 1200 and 1300 °C
with a final pressure of 30 MPa and They were sintered
with soaking time of 8 minutes and at the end their
properties were evaluated.

2. MATERIALS AND METHODS

In this research, fused silica powder with a purity of
more than 99 % with Ds, = 5.369 um and stabilized
zirconia powder with a purity of more than 99 % with
D5, = 0.2 um were used.

X-ray diffraction was used to identify the phases. The
XRD device used in this method is a Siemens model
with a copper anode, a wavelength of 1.5454 angstroms
and a step size of 0.05 degrees. Archimedes method
according to ASTM B962-13 standard was used to
measure the density of sintered samples. The bending
strength test was performed by the three-point method
according to the ASTM-C1161-13 standard on samples
with dimensions of 25 X 2 x 1.5 mm and using the STM-
20 bending strength device.

3. RESULTS AND DISCUSSION

In the samples of fused silica including YSZ, an
increase in the density of the samples is observed with
an increase in the sintering temperature. So that at a
temperature of 1100 °C, the density is equal to 95.64 %
and at a temperature of 1300 °C, it almost reaches the
theoretical density. This shows that with the increase in
temperature, the porosity is removed and the connection
between the particles is increased, and it creates a
unified structure with high density. The results show that
the samples containing YSZ have higher strength
compared to the sample without YSZ. Also, the results
show that, by increasing the temperature of the sintering
sinter from 1100 to 1200 °C, the strength increases,
which is in agreement with the results of the Archimedes

(https://doi.org/10.30501/jamt.2022.313935.1197).
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test and the X-ray diffraction pattern. However, at a
temperature of 1300 °C, due to the crystallization of
amorphous to cristobalite in fused silica, due to the
difference in the coefficients of thermal expansion of the
amorphous phase and cristobalite, this crystallization
has been accompanied by a change in volume and leads
to cracks and a decrease in flexural strength (Table 1).
Table 2 shows the fracture toughness of the samples. As
can be seen, the fracture toughness of the samples also
increased with the increase in sinter temperature. The
fused silica sample without zirconia has a fracture

toughness equal to 1.28.1 MPa. The results show that by
increasing the weight percentage of zirconia up to 5 %,
the fracture toughness increases and becomes 3.47
MPa.m'?. This increase in toughness is due to the
presence of zirconia as a reinforcement. Micstructur
evluation shows that the samples are dense and have the
least porosity. The low hardness of the fused silica
phase, compared to zirconia, causes this phase to pull
out during the polishing operation. For this reason, the
porosities on the polished surface appear larger than the
actual porosity.

Table 1. Flexural strength of sintered parts

Sample Flexural strength (MPa)
SPS-1100-FS 96.5+3.4
SPS-1100-5Y 117.75+6.2
SPS-1200-5Y 131.66 £9.5
SPS-1300-5Y 127.67 +6.9

Table 2. Fracture toughness of the samples

Sample Fracture toughness (MPa.m'% )
SPS-1100-FS 1.8+0.2
SPS-1100-5Y 3.47+0.6
SPS-1200-5Y 446+1.1
SPS-1300-5Y 4.87+1.2

4. CONCLUSION

The samples were sintered at temperatures of 1100,
1200 and 1300 °C and a final pressure of 30 MPa. The
evaluation results showed that the properties of sintered
samples sintered at a temperature of 1200 °C have better
properties than other samples. The relative density,
flexural strength, hardness and toughness of this sample
were 99.99 %, 13.40 GPa, 131 MPa and 4.46 MPa.m'?
respectively.
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