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Abstract -- The effect of polysilazane on the densification and mechanical properties of SiC#/SiC
composites was examined thoroughly. The polysilazane was infiltrated into the fiber area, followed by
pyrolysis at 1450°C for 4 h in an argon atmosphere. Furthermore, the SiC fabrics contain the pyrolyzed
polysilazane was infiltrated by B-SiC slurry and sintered at 1750°C for 2 h in an argon atmosphere. The
density of SiC/SiC composites with and without the addition of polysilazane was 2.65 and 3.05 g/cm?,
respectively. The pores in the fiber area were observed for the SiCy/SiC composites with the addition of
polysilazane. However, the fine-grained size in the matrix area was obtained by the addition of
polysilazane. The average grain size of the SiCySiC composite with and without the addition of
polysilazane was 253 and 740 nm, respectively. Indeed, the hardness of the matrix area for SiC/SiC
composites with the addition of polysilazane (31.6 + 1.8 GPa) was higher compared to SiCy/SiC

composites without polysilazane (27.4 + 1.6 GPa).
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INTRODUCTION
The application of SiC fiber-reinforced
SiC—matrix ceramic composites (SiC#/SiC)

mainly in high-temperature, such as gas turbine,
space shuttle, and a heat exchanger [1]. The
condition happens because SiC«/SiC composites
have exceptional properties in the chemical,
thermal resistance and mechanical. Recently,
low induced radioactivity and resistance under
neutron irradiation of SiC«/SiC composites make
its candidate for structural material in the fusion
and advanced fission reactors [2, 3, 4]. However,
the fabrication of dense SiC«/SiC composites is
still challenging.

Chemical vapor infiltration (CVI) is the
ideal fabrication method for SiC+/SiC composites
due to the high purity of SiC#SiC composites
obtained by this method [5], [6]. However, it
takes for a long time to fabricate the composites
with porosity about 10-20%. The second method
to fabricate SiC#/SiC composites is polymer
impregnated pyrolysis (PIP) [7], [8]. This method
uses polymer precursor instead of gas in the
CVI. However, it requires multiple impregnations
to obtain desirable density. The other method to
fabricate SiC#/SiC composites is slurry infiltration
combined with sintering [9], [10].

The mechanical properties of SiCt/SiC
composites are also imperative for practical

application. Recently, polysilazane succeed in
suppressing the grain growth of alumina and
hafnia [11], [12]. The grain growth of SiC can be
suppressed by the addition of polysilazane [13].
For instance, the grain size of monolithic SiC
without the addition of polysilazane was 605 nm,
which is higher compared to 161 nm with the
addition of polysilazane. Moreover, SiC without
the addition of sintering aids was sucessfully

fabricated from pyrolyzed polysilazane as
starting materials [14].
Therefore, with this background, we

examine the effect of polysilazane on the
densification and mechanical properties of
SiC#/SiC composites. In this study, we combined
the PIP and slurry infiltration method. The main
goal of PIP is to infiltrate the polysilazane in the
fiber area, whereas the B-SiC slurry to infiltrate
the matrix area. The data on density,
microstructure, and mechanical properties are
examined to elucidate the effect of polysilazane
on the SiC+/SiC composites.

MATERIAL AND METHOD

Tyranno SA3 fabrics (Ube Industries LTD.,
Japan) was used as reinforcement. The fabrics
have a woven structure and coated with pyrolytic
carbon, with the thickness was 200 nm. Five
layers of fabrics were infiltrated by liquid
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polysilazane (KiON Ceraset Polysilazane 20,
USA) in vacuum condition using special
apparatus. This process was repeated five times.
Furthermore, the fabrics containing polysilazane
was pyrolyzed at 1450°C for 4 h in Ar atmosphere.
The purpose of this infiltration to fill the inter fiber
area with polysilazane that converted to Si, C and
N after the pyrolysis process. Then, the pyrolyzed
fabrics were infiltrated by slurry that contains (-
SiC powder (>97.5% purity, 4620KE, NanoAmor
Inc.), 12 wt.% sintering additives (Al203 and Y203,
with mass ration 60:40) and ethanol as a solvent.
This mixture of B-SiC and sintering additives act
as a matrix phase in the SiC#/SiC composite.
Binder burns out was carried out in muffle furnace
at 350°C for 2 h. Therefore, the ten layers of fabric
were stacked in the graphite die and put in a hot
pressing furnace. The sintering was performed at
1750°C for 2 h in Ar atmosphere under an applied
pressure of 20 MPa. The SiC#/SiC composite
without polysilazane was also prepared for
comparison purposes. The sample with
polysilazane and without polysilazane was named
pSiC and nSiC, respectively.

The density of SiC«/SiC composites was
measured with the Archimedes principle using
distilled water as a medium. The microstructure of
the SiC¢/SiC composites was analyzed by
scanning electron microscopy (SEM, S-4800,
Hitachi, Japan). The grain size of the SiC¢/SiC
composite was estimated using the SEM image
and analyzed statistically. A three-point bending
test was performed using the ultimate testing
machine (UTM AG-50E, Shimadzu, Japan). The
composites were cut into 4x2x20 mm for bending
test purposes. The bending strength of SiCt/SiC
composites can be calculated using Equation (1).

3 P-L

=5 X377 (1)

where o = bending strength (MPa), L = span
distance (20 mm), b = breath of sample (mm) and
h = height of sample (mm). Vickers indentation
method was used to determine the hardness of
SiCy/SiC composites using a hardness tester
(MVK-H1, Mitutoyo, Japan). Ten indentations
were made in the matrix area of the SiC#/SiC
composite and for each hardness testing, the load
and holding time was 1 kg and 10 s, respectively.
The Hardness was calculated using Equation (2).

g

P
H = 0.0018544 X — )
where H = hardness (GPa), P = load (N) and d =
average length of the two diagonals of indentation
(mm). Prior to bending and hardness testing, the
SiC#/SiC composites were polished using 1 pum

diamond paste to remove the scratch from the
samples.

RESULTS AND DISCUSSION

Table 1 shows the theoretical, sintered and
relative density of SiC«#/SiC composites. nSiC
showed the highest density, i.e., 3.05 g/cm?3
corresponding to 97.13% of relative density, while
the density of pSiC was 2.65 g/cm3. In order to
have a full understanding of the dissimilarity of

density,  microstructure  examination  was
performed thoroughly.

Table 1. Theoretical, sintered and relative
densities of SiC+/SiC composites
Sample Theoretical Sintered Relative

density density density

(g/em?) (g/cm?) (%)
pSiC 3.14 2.65 +0.07 84.39
nSiC 3.14 3.05 + 0.01 97.13

Figure 1 shows the SEM images of SiCt/SiC
composites after sintering at 1750°C for 2 h in Ar
atmosphere under an applied pressure of 20 MPa.
The typical sintering temperature for the liquid-
phase sintering of SiC is 1800-2000°C [15, 16, 17].
However, since the high temperature is not
desirable for industrial application, we choose a
relatively low temperature at 1750°C in this study.
Moreover, the other factor that influences the
sintering temperature is sintering additives. On the
other hand, the applied pressure during the
sintering of SiC is necessary as a driving force for
the densification and prevent grain growth. For
instance, a paper reported that dense and nano-
size of SiC was obtained with the applied pressure
of 4.5 GPa [18]. However, the use of high pressure
in SiC#/SiC composite is hindered due to the
possible damage of the fiber, which affects the
mechanical properties. The presence of fiber area
and matrix area was observed in the SiC#SiC
composites both in the SiC«/SiC composites both
in pSiC and nSiC.

The pores were observed clearly in the fiber
area for pSiC, as shown in Figure 1 (b). Contrary,
a relatively dense fiber area was obtained in the
nSiC are shown in Figure 1 (a). These results
agree with density calculation, as shown in Table
1. Since the viscosity is the main factor for the
vacuum infiltration method [19], it more likely the
viscosity of liquid polysilazane is too high to
infiltrate the fiber area. In contrast, the B-SiC slurry
succeeds to infiltrate the fiber area, which
indicated by high density and dense structure as
shown in Figure 1 (a). Meanwhile, we found the
matrix area showed dense structure for both
composites, reveals the B-SiC slurry cover the
fabric adequately after vacuum infiltration process.
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Figure 2 shows the SEM images of the fiber
area. The existence of fiber, pyrolytic carbon,
closed pore, and liquid phase are shown in Figure
2 (a) for the nSiC sample. The liquid phase formed
due to the reaction of sintering additive, i.e., Al2O3
and Y203, at high-temperature sintering. Nature
covalent bonding of SiC makes it challenging to
sinter without the addition of sintering additives
through solid-state or liquid phase sintering
mechanism. Therefore, the densification of the
fiber area in nSiC can be understood by the
presence of the liquid phase, as shown in Figure

I oty

Figure 1. SEM Images of SiC«/SiC composites: (a) nSiC and (b) pSiC

2 (a). The shape of fiber change after sintering in
nSiC samples. This is more likely due effect of the
densification process and also external pressure
that applied during sintering.

On the other hand, the absence of a liquid
phase was observed in the pSiC (Figure 2 (b)).
Indeed, the polysilazane that infiltrated to SiC
fabrics did not contain any of sintering additives.
Therefore, the sintering did not proceed to the last
stage, resulting in the low density of pSiC, as
shown in Table 1. However, the fiber shape in
pSiC maintains the original shape.
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Figure 2. SEM Images of fiber area in the SiC«#/SiC composites (a) nSiC and (b) pSiC

Table 2. Flexural strength and hardness of the
SiC+/SiC composites

Sample Flexural Hardness
strength (MPa) (GPa)

pSiC 143+£18 31.6+1.8

nSiC 291 £42 274 +16

Figure 3 displays the grain size of SiC«/SiC
composites in the matrix area. Indeed, the grain
size of pSiC (Figure 3 (b) is finer compared to nSiC
(Figure 3 (a)). The average grain size for pSiC and
nSiC was 253 and 740 nm, respectively. Although
the source of the matrix area of those samples is
similar, i.e., B-SiC and sintering additives, the
resulting grain size was quite different. Therefore,

the grain size of pSiC is more likely influenced by
the polysilazane. This result is in agreement with
other reports that used polysilazane as additives
[11,12, 13].

The evidence of fine grain size is confirmed
by hardness testing, as shown in Table 2. It
showed that pSiC had higher hardness, i.e., 31.6
GPa, while the hardness of nSiC was 27.4 GPa.
According to the Hall-Pecth relationship, the small
grain size resulting in higher hardness. However,
the three-point bending test revealed the flexural
strength of nSIC and pSiC was 291 and 143 MPa.
Indeed, nSIC sample had higher flexural strength
due to the density of SiC«/SiC composite is the one
factor that affects flexural strength.
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Figure 3. SEM Images of grain size in the matrix area of the SiC+/SiC composites
(a) nSiC and (b) pSiC

CONCLUSION

SiCy/SiC composites prepared by the
infiltration of polysilazane and its effect on the
densification and mechanical properties were
examined thoroughly. It seems the polysilazane
was not able to infilirate deep into the fiber area,
resulting in the existence of pores and low density
in the fiber area of pSiC. However, the original
shape of the fiber is maintained with the infiltration
of polysilazane. The density of pSiC and nSiC was
2.65 and 3.05 g/cm3, respectively. In terms of
mechanical properties, the hardness of the pSiC
higher than nSiC, due to the finer grain size of
pSiC. The grain size of pSiC was 253 nm, which
increased five times from the original particle size.

However, the flexural strength of pSiC is lower
compared to nSiC. Further study is needed to
increase the density of SiC#/SiC composites with
the addition of polysilazane.
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