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Abstract

A series of silicon oxycarbide (SiOC)-bonded SiC ceramics were fabricated from SiC—polysiloxane—alkaline earth (AE) alkoxide
mixtures at a temperature as low as 800 °C to investigate the compositional effect on the flexural strength of SIOC-bonded SiC ceramics.
The addition of AE elements increased the flexural strength of SiOC-bonded SiC ceramics by 14-65% depending on the composition.
The flexural strength versus the Ba/(Ba+ Si) mole ratio curve had a maximum in that there was a small composition range for which an
optimum flexural strength occurred. The best result, a flexural strength of > 150 MPa, was obtained when the ratio was ~0.01.
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1. Introduction

Polymer derived ceramics (PDCs) based on Si—O-C
(silicon oxycarbide, SiOC) have attracted attention because
of their inherent chemical durability [1,2], low processing
temperature (1000-1200 °C) [3—10], excellent mechanical
strength despite the amorphous phase [11-14], excellent
thermal shock resistance [15], creep resistance better than
vitreous silica [16,17], and the highest ceramic yield among
PDCs [18]. SiOC ceramics have been used as a bonding
phase for SiC, but studies using SiOC as a bonding phase
for SiC are quite limited. Zhu et al. [19] fabricated
polycarbosilane-derived SiC-bonded SiC ceramics with
porosities ranging from 44% to 53%. Ma et al. [20]
fabricated silicone resin-derived SiOC-bonded SiC cera-
mics with porosities ranging from 41% to 50%. Thune-
mann et al. [6] fabricated porous SiC preforms for metal
infiltration by intergranular binding with preceramic poly-
mers. However, the heat-treatment temperatures used in
these studies were > 1000 °C, and the resulting ceramics
had poor mechanical properties (flexural strengths of
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3-22 MPa) [19,20]. Eom and Kim [21] recently demon-
strated significant interfacial adhesion between SiC and
SiOC phases and reported a flexural strength of 82 MPa
when SiOC-bonded SiC ceramics were heat-treated for 1 h
at a temperature as low as 800 °C in nitrogen.
Modification of SiOC chemistry by incorporating elements
or fillers into the SiOC structure is a method to improve the
mechanical properties of the SiOC-bonded SiC ceramics
[22,23]. Klonczynski et al. [5] prepared Si(B)CO ceramics by
incorporating SiO,/B,0s fillers into polysiloxane. The addition
of boron led to the enhanced crystallization of B-SiC in the
oxycarbide matrix and finely dispersed B-SiC nanoparticles
embedded in a high temperature-stable, amorphous borosili-
cate glass structure. Harshe et al. [24] modified polysiloxane by
incorporating an Al-containing alkoxide compound to prepare
Si(Al)OC ceramics. The Si(Al)OC ceramics showed improved
high temperature stability compared to Al-free SIOC composi-
tions. Toma et al. [25] modified polysiloxane by incorporating
nano-Al filler and fabricated SiC-mullite-Al,Os-based nano-
composites. Fukushima et al. [26] prepared Si-Nb-C-O
ceramics through the pyrolysis of an organic-inorganic
hybrid gel prepared using methyltriethoxysilane and niobium
pentaethoxide. The Si-Nb—C-O ceramics pyrolyzed at
1000 °C showed better oxidation resistance than that heated
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at lower temperature because of the formation of SiO, and
an oxycarbide layer at the surface after oxidation. Ionescu
et al. [27,28] prepared SiOC-HfO, nanocomposites via
chemical modification of a polysilsesquioxane by hafnium
tetra(n-butoxide). The nanocomposites showed a significant
improvement in thermal stability with respect to carbother-
mal decomposition, which is a consequence of the solid-state
reaction of hafnia with amorphous silica to generate hafnon
(HfSiO,4). Bergero et al. [29] added MoSi, into methyl-
triethoxysilane and fabricated MoSi,—SiOC composites.
The composites displayed good thermal shock resistance,
AT,.> 400 °C, which was caused by the combination of low
Young’s modulus and reasonably high flexural strength of
the MoSi,—SiOC composites.

A new approach that has received less attention is the
incorporation of alkaline-earth (AE) elements in SiOC. Liu
et al. [30] added barium-strontium aluminosilicate (BSAS)
powder into polysiloxane as filler. After a heat-treatment of
C/SiC composites coated with BSAS—polysiloxane at 1350 °C
for 2 h in argon, the coating material was oxidation-resistant
at 1250 °C in dry air and corrosion-resistant at the same
temperature in water vapor.

The aim of the present work is to investigate the effect of
AE clements addition on the flexural strength of SiOC-
bonded SiC ceramics. The incorporation of AE elements in
SiOC glass may provide a new opportunity for improving
mechanical properties of SiOC-bonded SiC ceramics.

2. Experimental

Commercially available a-SiC powders (~0.45 um, A-1,
Showa Denko, Tokyo, Japan), polysiloxane (YR3370, GE
Toshiba Silicones Co. Ltd., Japan), magnesium tert-
butoxide (Mg(OC(CHj3)3),, Alfa Aesar, Johnson Matthey
Co., Ltd., Ward Hill, MA, USA), calcium methoxide
(Ca(OCHs;),, Sigma-Aldrich Inc., St. Louis, MO, USA),
strontium isopropoxide (Sr(OCH(CHs,),),, Alfa Aesar,
Johnson Matthey Co., Ltd., Ward Hill, MA, USA),
and barium isopropoxide (Ba(OCH(CHs),),, Alfa Aesar,
Johnson Matthey Co., Ltd., Ward Hill, MA, USA) were

Table 1

used as starting materials. The effect of the AE composi-
tion was examined by preparing four batches containing
1% AE elements, i.e., AE/(AE~+Si) mole ratio=0.01 in the
bonding phase. A base-line material without AE elements
was also prepared for comparison.

To investigate the effect of the Ba content, five batches were
mixed containing 80 wt% SiC and 20 wt% polysiloxane-Ba
isopropoxide with variations in the Ba/(Ba+ Si) mole ratio
ranging from 0.005 to 0.20 (Table 1). All the batches were
separately mixed in polypropylene jars for 16 h using ethanol
and SiC balls. The milled slurry was dried, sieved, uniaxially
pressed under 50 MPa, and cold pressed isostatically under
345 MPa. Before the pyrolysis process, the polysiloxane in the
compacts were cross-linked by heating the specimens to 200 °C
in air. The resulting specimens were then heat-treated at
800 °C for 2 h in nitrogen at a heating rate of 1 °C/min. The
heat treatment allowed for polysiloxane-to-SiOC conversion,
resulting in SiOC-bonded SiC ceramics.

The bulk density of the resulting ceramics was calculated
from the weight-to-volume ratio of the samples. The true
density of the SiOC material after heat-treatment was
measured using a pycnometer for the powdered samples.
Crystalline phases in the heat-treated samples were deter-
mined via X-ray diffractometry (XRD). The fracture
surfaces were observed by scanning electron microscopy.
For the flexural strength measurements, bar-shaped sam-
ples were cut to a size of 4 mm x 5 mm x 35 mm. Bend
tests were performed at room temperature on 4-8 samples
under each condition using a three-point method with a
span of 30 mm and a crosshead speed of 0.5 mm/min.

To investigate the effect of Ba on the bonding character-
istics in the bonding phase, five batches were mixed, each
containing polysiloxane and Ba isopropoxide with variations
in the Ba/(Ba+ Si) mole ratio (Table 2). All the batches were
separately mixed in polypropylene jars for 16 h using ethanol
and SiC balls. The milled slurry was dried, sieved, thermally
cross-linked by heating the specimens to 200 °C in air, and
pyrolyzed at 700-900 °C for 2 h in nitrogen with a heating
rate of 1 °C/min. Fourier transform infrared (FT-IR) spectra
of selected SiOC-bonded SiC ceramics and Ba-modified

Batch composition and sample designation of AE-modified SiOC-bonded SiC ceramics.

Sample designation Composition (wt%)

AE/(AE+Si) mole ratio

SC 0-SiC*+20% polysiloxane® 0

SC-1Mg a-SiC*+19.58% polysiloxane+0.42% magnesium tert-butoxide (Mg(OC(CHj3)3),)° 0.01 (AE=Mg)
SC-1Ca 0-SiC+19.74% polysiloxane+0.26% calcium methoxide (Ca(OCHj5),)* 0.01 (AE=Ca)
SC-1Sr a-SiC+19.49% polysiloxane+0.51% strontium isopropoxide (Sr(OCH(CH3),),)¢ 0.01 (AE=Sr)
SC-0.5Ba a-SiC+19.68% polysiloxane+0.32% barium isopropoxide (Ba(OCH(CHj3),),)° 0.005 (AE=Ba)
SC-1Ba a-SiC+19.37% polysiloxane+0.63% barium isopropoxide (Ba(OCH(CHj3),),)° 0.01 (AE=Ba)
SC-2Ba a-SiC+18.77% polysiloxane+1.23% barium isopropoxide (Ba(OCH(CHjs),),)¢ 0.02 (AE=Ba)
SC-5Ba a-SiC+17.11% polysiloxane+2.89% barium isopropoxide (Ba(OCH(CHj3),),)° 0.05 (AE=Ba)
SC-20Ba a-SiC+11.09% polysiloxane+8.91% barium isopropoxide (Ba(OCH(CHj3),),)° 0.20 (AE=Ba)

#~0.45 um, A-1, Showa Denko, Tokyo, Japan.

PYR3370, GE Toshiba Silicones Co. Ltd., Tokyo, Japan.

“Alfa Aesar, Johnson Matthey Co., Ltd., Ward Hill, MA, USA.
dSigma—Aldrich Inc., St. Louis, MO, USA.
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Batch composition and sample designation of SiOC and SiOC modified with barium.

2085

Sample designation

Composition (wt%)

Ba/(Ba+Si) mole ratio

SiOC 100% polysiloxane® 0
SiOC-1Ba 96.85% polysiloxane+3.15% barium isopropoxide (Ba(OCH(CHj),),)" 0.01
SiOC-5Ba 85.55% polysiloxane+ 14.45% barium isopropoxide (Ba(OCH(CHj),),)° 0.05
SiOC-20Ba 55.45% polysiloxane+44.55% barium isopropoxide (Ba(OCH(CHj),),)° 0.20
SiOC-80Ba 9.15% polysiloxane+90.85% barium isopropoxide (Ba(OCH(CHs3),),)" 0.80
#YR3370, GE Toshiba Silicones Co. Ltd., Tokyo, Japan.
YAlfa Aesar, Johnson Matthey Co., Ltd., Ward Hill, MA, USA.
SiOC ceramics were measured with a FT-IR spectrometer 25 —— 18
. . . ensity
(ABB FTLA2000, Wickliffe, OH, USA) using KBr pellets. [ Porosiy
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Pyrolysis of the polysiloxane at 800 °C in an inert % 93 g
atmosphere yielded amorphous SiOC with a weight loss o vl 15
of 13% [31,32]. Details of the pyrolysis behavior of the
polysiloxane are reported by Narisawa et al. [32]. The :
effect of AE elements on the pyrolyzed density of samples 29 14

heat-treated at 800 °C for 2h is shown in Fig. 1. The
density after heat-treatment varied from 2.35 to 2.41 g/cm’
with a variation in the AE composition. The SC-1Mg
sample showed a maximum density of 2.41 g/cm’, whereas
the SC sample containing no AE elements showed the
lowest density of 2.35 g/em® after pyrolysis at 800 °C for
2 h in nitrogen. The addition of the AE element slightly
increased the density of SiOC-bonded SiC ceramics. The
true density of polysiloxane-derived SiOC after the 800 °C
heat-treatment was 1.76 +0.01 g/ecm® [21]. The porosity
also decreased with the addition of AE elements from
16.6% to 14.7-16.2%, depending on the AE composition
(Fig. 1). The densification due to polysiloxane addition
was caused by the elimination of residual pores by viscous
flow of polysiloxane-derived SiOC modified with AE
elements after heat-treatment [21,24]. The incorporation
of carbon into the silica network decreased the mobility of
the residual vitreous silica network at the molecular level,
resulting in a more rigid structure than silica glass [33]. Our
results suggest that the incorporation of AE elements into
the SiOC network increases the mobility of the residual
vitreous SiOC network at the molecular level, resulting in
enhanced densification, i.e., decreased porosity.

Fig. 2 shows the typical microstructures of SiOC-bonded
SiC ceramics containing 20 wt% polysiloxane with or with-
out AE-alkoxides. As shown in Fig. 2, submicron SiC
particles were well bonded to each other by polysiloxane-
derived SiOC or polysiloxane-derived SiOC modified with
AE. A significant difference in the fracture surface was not
observed. Previous work on SiOC-bonded SiC ceramics
produced severe cracking in the SiOC bonding phase when
large SiC particles (10 or 15 um) were used [21]. The greater
volume reduction of the SiOC phase and constrained coarse

SC SC-1Mg SC-1Ca SC-1Sr SC-1Ba

Fig. 1. Density and porosity of polysiloxane-derived SiOC-bonded SiC
ceramics (refer to Table 1).

SiC network caused tension within the structure, which
resulted in cracking in the specimens [6]. Since finer o-SiC
powders (~0.45 um) were used in the present study, no such
micro- or macro-cracks were observed in the fracture surfaces
of the samples.

The flexural strength of samples with or without 1% AE
elements is shown in Fig. 3. All samples with 1% AE
elements showed greater strength than the SC sample
without AE. The SC-1Ba sample showed the greatest
flexural strength of 153 MPa among the samples investi-
gated. The SC-1Mg sample showed the second greatest
strength of 140 MPa. The flexural strengths of SC-1Ba and
SC-1Mg samples were 65% and 52% greater than the SC
sample without AE elements (93 MPa). Direct bonding
between the SiC and SiOC phases was responsible for the
strength obtained in the SC sample [21,34], even though
the heat-treatment temperature was as low as 800 °C.
Possible causes of the improved flexural strength achieved
by adding AE-alkoxide are (1) the enhanced densification
in AE-modified SiOC-bonded SiC ceramics and (2) stron-
ger bonding between the SiC and AE-modified SiOC than
that between SiC and SiOC. The AE element incorpora-
tion in SiOC resulted in improved densification (1-2%
decrease in porosity), as shown in Fig. 1. The improved
densification is caused by the decrease in viscosity of the
SiOC glass. If the enhanced densification is the primary
factor affecting the flexural strength, a large increase in the
flexural strength is not expected considering the general
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Fig. 2. Typical fracture surfaces of the polysiloxane-derived SiOC-bonded SiC ceramics: (a) SC, (b) SC-1Mg, (¢) SC-1Ca, (d) SC-1Sr, and (e) SC-1Ba

(refer to Table 1).
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Fig. 3. Flexural strength as a function of the porosity of the polysiloxane-
derived SiOC-bonded SiC ceramics.

trend in the porosity-dependency of strength for porous
ceramics [10,35-37]. However, Fig. 3 shows that the
flexural strength increased from 93 MPa for the SC sample
to 105-153 MPa for the AE-modified SiOC-bonded SiC
ceramics, depending on the AE composition. Thus, the
large increase (13-65%) in the flexural strength was caused
by stronger bonding between the SiC and AE-modified
SiOC. The difference in flexural strength among AE-
modified SiC ceramics was attributed to the difference in
chemistry. It is well documented that the interface strength
of SiC ceramics is affected by the chemistry of the
intergranular phase, i.e., a bonding phase [38].

The flexural strength of the SC sample without AE
elements was 93 MPa, which is greater than the strength

shown in a previous work (82 MPa), even though the
polysiloxane content and pyrolysis temperature of both
samples were the same [21]. The average particle size of
SiC powders of the previous work was 0.7 um, whereas
that of the present work was ~0.45 um. The improved
strength of the SC sample in the present work was caused
by the finer particle size of the starting SiC powder, as was
observed previously [21].

There are a few reports showing the strength of PDC-
bonded SiC ceramics. The double ring strength of porous
SiOC-bonded SiC ceramics pyrolyzed at 1000 °C was
2-15 MPa depending on the porosity and silicone resin
type [6]. The flexural strength of polycarbosilane-derived
Si(O)C bonded SiC ceramics pyrolyzed at 1100 °C was
3-16 MPa depending on the polycarbosilane content [19].
The flexural strength of the polysiloxane resin-derived
ceramic-bonded SiC pyrolyzed at 1200 °C was 3-22 MPa
depending on the SiC particle size and resin content [20].
In contrast, typical flexural strengths of the present SiOC-
bonded SiC ceramics pyrolyzed at 800 °C ranged from
105 MPa to 153 MPa depending on the AE composition.
The superior strength of the AE-modified, SiOC-bonded
SiC ceramics fabricated in this study was attributed to the
higher relative density (83-85%), relatively high carbon
content (11.5%) [31] in the polysiloxane-derived SiOC, and
beneficial effect of AE element incorporation in the SiOC
bonding phase. According to Soraru et al. [11], the flexural
strength of SiOC glasses increased with increasing carbon
in the SiOC phase.

The present results demonstrate that (1) stronger bond-
ing between SiC and polysiloxane-derived SiOC can
be obtained by incorporating AE elements into SiOC,
and (2) SiOC-bonded SiC ceramics with a flexural strength
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of > 150 MPa and a 16% porosity can be processed at a
temperature as low as 800 °C without an applied pressure
by incorporating 1% Ba-alkoxide into SiOC.

3.1.1. Effect of barium content

Because the SC-1Ba sample showed the highest strength
among the samples investigated, Ba-modified SiOC-bonded
SiC samples were fabricated with variations in Ba content
from 0.5 to 20 mol% in polysiloxane-derived SiOC.

Fig. 4 shows the XRD patterns of selected samples
pyrolyzed at 800 °C. The SC and SC-1Ba samples consisted
of a-SiC (6H polytype), indicating that the polysiloxane-
derived SiOC and Ba-modified polysiloxane-derived SiOC
are amorphous. However, the SC-20Ba sample consisted of
a-SiC and traces of BaO and BaSiO; phases. The results
suggest that the Ba ion is incorporated into the SiOC structure
to some extent, and Ba ions in excess of the solubility limit in
polysiloxane-derived SiOC glass are precipitated as crystalline
BaO and BaSiO; phases, as evidenced by XRD.

Fig. 5 shows the variation of the density and flexural
strength as a function of the Ba/(Ba+ Si) mole ratio in the
bonding phase. The samples have the same total amount of
bonding phase (20 wt%), with the Ba/(Ba+Si) ratio ran-
ging from 0 to 0.2. The highest density and strength were
obtained for a Ba/(Ba+Si) ratio of 0.01. The increase in
Ba content in the polysiloxane-derived SiOC increased
both properties and showed a maximum at a ratio of 0.01,
beyond which the properties decrease. The incorporation
of Ba ions in the polysiloxane-derived SiOC glass was
beneficial for improving the density and flexural strength
up to 1 mol%, indicating the 0.5 mol% or 1 mol% Ba-
modified SiOC glass produces stronger bonding than SiOC
glass without Ba ion between the SiC particles. However,
beyond the 1 mol% Ba content, the SiOC glass becomes a
more open structure, and secondary phases, such as BaO
and BaSiOs;, are precipitated out of the glass, resulting in
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4 BaSiO,26-1402
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Fig. 4. XRD patterns of selected polysiloxane-derived SiOC-bonded SiC
ceramics pyrolyzed at 800 °C for 2 h in nitrogen.
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Fig. 5. Density and flexural strength of the polysiloxane-derived SiOC-
bonded SiC ceramics as a function of Ba/(Ba+ Si) mole ratio at constant
20 wt% bonding phase content.

weakening of the bonding between SiC particles. As a
result, there is a decrease in the flexural strength, as shown
in Fig. 5.

Fracture surfaces of selected samples at a lower magni-
fication than Fig. 2 are shown in Fig. 6. The addition of
1 mol% Ba (Fig. 6(b)) produced denser material than SC
material without Ba (Fig. 6(a)). However, the SC-20Ba
sample contained some large pores (5-20 um diameter),
which were not observed in the other samples. The large
pores may originate from the agglomerates of the added
Ba-alkoxide. The significant addition of Ba-alkoxide into
the polysiloxane resulted in difficulties with homogeneous
mixing of the raw materials in our processing conditions.
However, with the exception of the large pores, there was a
more porous structure, which is consistent with the density
measurement shown in Fig. 5.

The flexural strengths of the samples with or without
Ba as a function of porosity are shown in Fig. 7. The
SC-0.5Ba and SC-1Ba samples showed greater strength
and slightly lower porosity than the SC sample without Ba.
Additional Ba decreased the flexural strength and
increased the porosity of Ba-modified, SiOC-bonded SiC
ceramics. These results suggest that there is an optimum
Ba content in the modification of SiOC glass as a bonding
phase for SiC. In this case, 1 mol% Ba in the polysiloxane-
derived SiOC is optimal for densification and strengthen-
ing of SiOC-bonded SiC ceramics when processed at a
temperature as low as 800 °C.

3.1.2. Role of barium in silicon oxycarbide bonding phase
As shown in Fig. 8(a), we investigated the FT-IR spectra
of SiOC-bonded SiC ceramics with and without Ba-alkoxide
in order to characterize the bond formation. Unfortunately,
it is difficult to observe a specific peak corresponding to the
Si—-O-Ba bond for the sample with Ba-alkoxide, which may
be due to the high content of SiC in the ceramics. Fig. 8(b)
presents the FT-IR spectra of only SiOC with 1%
Ba-alkoxide (SiOC-1Ba) pyrolyzed at different temperatures.
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Fig. 6. Effect of Ba content on the fracture surfaces of the polysiloxane-derived SiOC-bonded SiC ceramics: (a) SC, (b) SC—1Ba, and (c) SC-20Ba (refer

to Table 1).
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Fig. 7. Flexural strength as a function of the porosity of the Ba-modified
SiOC-bonded SiC ceramics.

The 700 °C-pyrolyzed SiOC sample shows peaks at 2976 and
1275 ecm ™', which are assigned to C-Hj and SiC—Hs, respec-
tively [24,39,40]. These peaks are reduced in the 800 °C
sample as a result of ceramization [24,41,42]. The peak of
C—H, at 2922 cm " occurs in the 800 °C sample and in the
900 °C sample, indicating the formation of Si—~CH,-Si
[40,43]. The broad and intense peak from 1250 to
900 cm ! is related to the three kinds of Si-O-Si bonds
[40]. The tiny peak at 880 cm ™' for the 700 and 800 °C

samples is assigned to Si-O—Ba bonding [44]. The other peak
near 800 cm ™' corresponds to Si-C bonds [40,45]. The
FT-IR spectra of SiOC ceramics with different Ba-alkoxide
contents were confirmed to determine the effect of Ba-alkoxide
in the SIOC as the bonding phase (Fig. 8(c) and (d)). The
SiOC-20Ba and SiOC-80Ba samples (Table 2) show clearer
peaks at 880 cm ™! for the Si-O-Ba bond than SiOC-1Ba
sample. Interestingly, the SIOC-1Ba sample shows Si—O-Si
peaks with different shapes, ranging from 1250 to 900 cm ™',
compared to the SIOC sample without Ba-alkoxide (SiOC in
Table 2), which has a broad peak for Si-O-Si bonds. SiOC-
1Ba has a peak at 1040 cm ~ ', as shown Fig. 8(d). It is possible
for three kinds of Si~O-Si bonds to exist in SiOC ceramics as a
result of different process conditions. The Si—-O-Si (angle 150°)
bond in the cage structure is active at 1140 cm ", the Si-O-Si
(angle 144°) bond in the network structure is active at
1065cm ™!, and the Si-O-Si (angle < 144°) bond in silicon
suboxide is active at 1035 cm ™" [40]. Thus, SiOC-1Ba may
enhance the formation of a compact silicon suboxide structure
mimicking the ceramic material rather than the cage structure
similar to organic-inorganic hybrid material, potentially
improving the strength of the SC—1Ba sample (see Fig. 5).

4. Conclusions
By modifying commercially-available polysiloxane-derived

SiOC with alkaline earth (AE) elements (Mg, Ca, Sr, Ba),
SiOC-bonded SiC ceramics with improved strength were
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Fig. 8. FT-IR spectra of (a) SiOC-bonded SiC ceramics with and without Ba-alkoxide pyrolyzed at 800 °C, (b) SiOC ceramics containing 1% Ba-alkoxide
(SiOC-1Ba) pyrolyzed at 700-900 °C, (c) and (d) SiOC ceramics containing different Ba contents pyrolyzed at 800 °C.

successfully fabricated from SiC—polysiloxane-AE alkoxide
mixtures by a simple pressing and heat-treatment process at a
temperature as low as 800 °C.

In Ba-modified SiOC-bonded SiC ceramics, the density
and flexural strength are maximized when the Ba/(Ba+ Si)
mole ratio is adjusted to 0.01, which was due to the
formation of both Si—-O-Ba bonds and a compact silicon
suboxide structure in the bonding phase. The porosity and
flexural strength of the material at room temperature were
16% and 153 MPa, respectively.

The present results demonstrate that (1) stronger bonding
between SiC and polysiloxane-derived SiOC can be obtained
by incorporating AE elements into SiOC, (2) there is an
optimum AE eclements content at which optimum mechan-
ical properties were realized, and (3) excess Ba beyond the
solubility limit in SiOC glass forms crystalline BaO and

BaSiO; phases, which deteriorate the mechanical properties
of SiOC-bonded SiC ceramics.
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