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Abstract

A modified processing route, which is based on the active filler controlled pyrolysis technique, was followed here to form a
homogeneous mullite-SiC nanocomposite. An Al,Os-filled polymethylsiloxane was prepared by the in-situ formation of the SiCO
network via a sol-gel process. The filled gels obtained in this way show an excellent machinability with conventional surface
grinding techniques. Heat treatment up to 1500°C initiated crystallization of mullite, which showed intragranular SiC precipitation.
Based on microstructure characterization in conjunction with thermal analysis, a formation mechanism is proposed which includes
the glass transition temperature of SiCO as well as its phase sparation into SiO, plus nanosized SiC crystallites, giving rise to this

new mullite-SiC nanocomposite. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Polymer pyrolysis is a relatively new and very pro-
mising technique for processing of advanced ceramics in
the form of powder particles, thin films and/or protec-
tive coatings as well as fibers.!~* The major advantages
of such polymer-derived materials is their intrinsic homo-
geneity on the atomic level, the rather low processing
temperatures, and the use of established polymer-
processing techniques which enable complex shaping.
However, the applicability of subsequent polymer pyr-
olysis to the fabrication of monolithic components is
quite difficult, in particular, owing to the high volume
shrinkage associated with the polymer-ceramic transi-
tion that often leads to the development of intrinsic
microcracks.

In general, processing of ceramic monoliths via orga-
nometallic compounds involves crosslinking of the
starting precursor followed by pyrolysis at elevated tem-
peratures either in inert! or reactive atmospheres.> The
applied heat treatment initiates the organic—inorganic
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transition and results in the formation of an amorphous
covalent ceramic.® Annealing at temperatures exceeding
1000°C yields a partially or completely crystallized
ceramic material, which commonly reveals both a resi-
dual porosity up to 15% and in some cases a high
microcrack density. To overcome this latter problem, a
modified process, the so-called AFCOP (active filler
controlled pyrolysis), has been developed by Greil and
co-workers.” According to this method, the polymer is
partially filled with inert or active powder particles, in
order to decrease the shrinkage and to allow the fabri-
cation of bulk, crack free ceramics. When utilizing inert
fillers, simply the precursor volume is reduced which
lowers the linear shrinkage of the sample. However,
employing active fillers, a reaction between the filler
particles and the precursor is initiated which typically
results in a volume expansion of the reaction product,
as compared to the starting compounds. This expansion
counteracts the shrinkage during densification and can
lead to near-net shaped crack-free components.® A
number of systems have already been investigated using
polysiloxane resins as preceramic polymers filled with
different oxide, carbide, or metallic powders. Sub-
sequent pyrolysis of e.g. polysiloxane in controlled
atmosphere was reported to lead to various Si oxycar-
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bide- or oxycarbonitride-based composites such as
SiOC-SiC, SiOC-TiC, SiOCN-TiN and SiOCN-BN.”#

The aim of the present work was to exploit this
particular processing method for the preparation of
homogeneous mullite—SiC nanocomposites. Al,Os-filled
polysiloxane has been prepared by mixing the alumina
powder with methylthriethoxysilane, MeSi(OR)3;, and
forming in situ the methylsiloxane network around the
oxide filler through hydrolysis—condensation reactions
(sol-gel process). Heat treatment in inert atmosphere up
to 1500°C finally resulted in the formation of a mullite
matrix with both alumina and nano-crystalline silicon
carbide inclusions. Based on detailed microstructure
characterization by scanning and transmission electron
microscopy as well as X-ray diffraction, in conjunction
with DTA-TG and dilatometric measurements, a reac-
tion mechanism is proposed which rationalizes the
observed microstructure evolution.

2. Experimental procedures
2.1. Sample preparation

Methyltriethoxysilane (MTES) (ABCR) and a-Al,O;
powder (Alcoa, A16SG) with an average particle size of
0.8 um were mixed together in a Al/Si molar ratio of
3:1, which was expected to result in the formation of
stoichiometric 3:2 mullite (3A1,05-2Si0,). The suspen-
sion was kept at 70°C under reflux overnight and after
cooling to room temperature 3 moles of acidic water
(pH=1, HCI) per mole of Si were added dropwise. The
reaction solution was kept under stirring for 10 min,
then, to promote the gelation, an ammonia solution
(30% wt) was added until a pH value of 9 was reached.
The obtained sol was poured into polypropylene test
tubes and the gelation occurred within a couple of
hours. Samples were left in air for a week and the final
drying was performed at 60°C for another week.
Obtained samples were monolithic and crack-free (Fig.
la) and displayed an excellent machinability with con-
ventional surface-machining technology (Fig. 1b). The

Fig. 1. Typical samples: (a) dried gel; (b) machined gel and (c) mul-
lite-SiC nanocomposite fired in Ar at 1500°C for 1 h.

filled gels were converted into the corresponding cera-
mic samples with the following pyrolysis process: (i)
from room temperature to 900°C a tubular silica fur-
nace was used with an heating/cooling rate of 5°C/min
and a holding time of 1 h at 900°C, (ii) the ceramic
samples obtained after pyrolysis at 900°C were subse-
quently fired for 1 h at various temperatures, i.e. 1100,
1300, 1400, 1450, and 1500°C in a graphite furnace
(Thermal Technology Inc.) with a heating/cooling rate
of 10°C/min. All the thermal treatments were performed
under flowing argon (100 ml/min) and all the samples
obtained were monolithic and crack-free (Fig. 1¢).

2.2. Sample characterization techniques

Skeletal densities were measured with a helium pycn-
ometer (Micromeritics, model 1035) while for suitable
cylindrical samples the bulk densities were calculated by
the ratio mass over volume. Open porosity was deter-
mined by the ratio bulk/skeletal density.

Nitrogen adsorption-desorption analyses were per-
formed on an ASAP 2010 Micromeritics instrument.
Samples were degassed at 150°C overnight.” Isotherm
curves were then obtained and specific surface areas
were calculated by the BET method in the range of
0.05< P/Py<0.3. Pore volume and pore size distribu-
tion was obtained from the desorption isotherm
through the Barret, Joyner and Halenda analysis.'®

Thermogravimetric (TGA) and differential thermal
analyses (DTA) were performed on a Netzsch instru-
ment (model STA 409). Dilatometric curves were mon-
itored by means of a DIL 402 Netzsch dilatometer.
TGA/DTA and dilatometric tests were obtained under
flowing argon (or in one case in flowing air, see Fig. 6b)
with a heating rate of 10°C/min up to a maximum tem-
perature of 1550°C.

X-rays diffraction (XRD) spectra were collected with
a Rigaku powder diffractometer in a Bragg—Brentano
geometry. Cuk, radiation was used as incident beam

Fig. 2. SEM micrograph of the fracture surface of the Al,Ojs-filled
MTES-derived gel.
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and a graphite monochromator was inserted into the
diffracted beam.

Microstructure characterization was perfomed by
both scanning (SEM) and transmission electron micro-
scopy (TEM) employing a Jeol JSM 6300 and a Philips
CM20FEG instrument, respectively. While the former
microscope was commonly used at 20 keV, the latter
instrument was operated at 200 keV, giving a point-to-
point resolution of 0.24 nm. Both instruments are
equipped with an energy-dispersive X-ray (EDX) Ge-
detector (Noran Instruments, Voyager Tracor) allowing
for lateral resolved chemical analyses.

3. Experimental results
3.1. Characterization of the gels

Bulk and skeleton densities of the dried gels were 1.49
and 2.44 g/cm?, respectively. These values give an open
porosity of 39%. Nitrogen adsortion—desorption experi-
ments indicate a specific surface area of 110 m?/g and a
total integrated pore volume of 0.220 cm?/g. SEM obser-
vations performed on fracture surfaces of the gel body
show a homogeneous dispersion of the alumina powder
particles with a grain size smaller than 1 um (white parti-
cles) within the siloxane matrix, as depicted in Fig. 2. No
large pores, above ~1-2 1, were observed in any of the gel
bodies studied. Chemical analysis obtained by EDS (at
low magnification) indicated an Al/Si atomic ratio of
2.840.1, being close to the nominal value of 3.

3.2. DTA|TG/dilatometric studies

Both DTA and TGA curve recorded on the filled gel
during pyrolysis in flowing argon together with its cor-
responding dimensional changes are shown in Fig. 3.
The decomposition of the siloxane matrix results in a
major weight loss at around 600°C, due to the evolution
of silanes arising from redistribution reactions between
Si-O and Si-C bonds.!'"!? The organic-inorganic con-
version, with the formation of the SiOC glass, occurs
between 700 and 900°C accompanied by the evolution
of CH4 and H,.'3 This process is associated with an
endothermic effect in the DTA curve (as shown in Fig.
3) centered at ~800°C and is comparable with data
reported in literature.!>!3 The total weight loss between
room temperature and 900°C is 11%, which is in good
agreement with the value estimated from the weight loss
of the pure gel (32%) and the nominal composition of
the starting Al,Os-filled gel. From 900°C up to
~1300°C, the weight of the sample is stable. Above this
temperature, however, a slight inflexion of the TGA
curve was observed, suggesting the onset for the
decomposition of the SiCO glass with the evolution of
the volatile SiO and CO species.'4

In addition to the TGA data the dilatometric curve
(also given in Fig. 3) shows a first stage where the sam-
ple expands, from room temperature up to ~300°C. In
this temperature interval the siloxane matrix is stable.
Above this temperature the decomposition of the silox-
ane network starts and gives rise to a shrinkage of the
material that becomes faster between ~700 and 850°C.
At higher temperatures, the sample’s length is almost
constant up to about 1300°C where densification starts.
This last densification process, which occurs with a very
small weight loss as determined by the TG measure-
ments, is most likely due to a viscous sintering of the
silicon oxycarbide matrix above its glass transition
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Fig. 3. DTA, TGA and dilatometric curves recorded during pyrolysis
in Ar flow on the Al,O3-filled gels.
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Fig. 6. (a) Plots of bulk density, skeleton density and porosity as a
function of pyrolysis temperature in Ar atmosphere; (b) comparison of
the dilatometric curves recorded in Ar or air of a sample pre-annealed
at 900°C in Ar.
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temperature, which is known to be in the range of 1300
1350°C.!>-16

3.3. Phase development

The phase development, as determined by XRD stu-
dies, is depicted in Fig. 4. From room temperature and
up to 1300°C, the only crystalline phase that can be
detected is a-Al,O3; (JCPDS # 10-173). From 900 to
1300°C, a small glass hump around 20 =22° is due to
the presence of the amorphous SiOC phase.!” At
1400°C, a weak peak at 20 =22° is assigned to the pre-
cipitation of cristobalite (JCPDS #39-1425). At 1500°C,
the XRD spectrum shows mullite as the major crystal-
line phase with major reflections at 20 =15, 30, 32 and
40° (JCPDS # 15-776), apart from some residual alu-
mina. No cristobalite is present at this temperature. It
should be noted that the regular XRD analysis of the
1500°C spectrum did not reveal the presence of SiC.
However, by plotting the square root of the intensity vs
the diffraction angle 2@, as given in Fig. 5, two broad
humps centered at ~35 and ~22° can be observed,
which suggest the formation of rather fine SiC crystal-
lites as well as the presence of residual glass, respec-
tively, which were confirmed by TEM inspection (see
Figs. 8 and 9). In addition, this experimental diffraction
pattern has been analyzed by the Rietveld method!'® for
a quantitative determination of all the phases including
mullite, alumina, amorphous silica-based phase, and j-
SiC. Details of this XRD data analysis procedure for an
ordinary amorphous SiO,/crystalline material (porce-
lain) and for a similar amorphous SiOC phase are
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Fig. 7. (a) Low magnification TEM micrograph of the sample pyr-
olyzed at 1500°C. Apart from the mullite grains, a spherical alumina
particle (200 nm in diameter) and residual glass phase is shown. Note
that the glass in fact corresponds to a mixture of SiO, and SiC (phase
separation); (b) high-magnification TEM micrograph of a mullite
matrix grain imaged with the electron beam parallel to the [001] zone
axis. As indicated by arrows, small SiC precipitates (5-10 nm in dia-
meter) were typically observed within the mullite particles.

reported elsewhere.!”!° The results of this calculation
are listed in Table 1 and are consistent with the expected
formation of a 3:2-mullite-B-SiC composite. The esti-
mated values of the grain size of mullite and B-SiC are
~60 and 2 nm, respectively, suggesting the formation of
a true nanocomposite material. The sample pyrolyzed at
1500°C is mainly formed by mullite (=66 wt.%), with
nanocrystalline silicon carbide (x~7 wt.%), some resi-
dual alumina (12 wt.%) and the presence of a glassy
phase (15 wt.%) which suggests that the mullitization
reaction is in fact not completed yet.

3.4. Microstructure development

Bulk and skeleton densities were measured on samples
pyrolyzed in argon at various temperatures, ranging
from 900 to 1500°C. The density data together with the
estimated open porosity values are listed in Table 2 and
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Fig. 8. TEM images of the sample pyrolysed at 1500°C revealing (a)
residual alumina particles adjacent to mullite matrix grains and (b) a
larger SiC precipitate, typically observed at triple grain pockets.

are plotted in Fig. 6a. The skeleton density increases
from room temperature up to 1100°C, due to the trans-
formation of the siloxane matrix (density ~1.1 g/cm?)
into the SiOC glass (density 2.3 g/cm?).20

This process results in a parallel increase of the bulk
density of the sample without any reduction of the
intrinsic porosity, which suggests that the alumina-filled
polysiloxane first transforms into the amorphous
SiOC hauix/AlLO3 composite without sintering. On the
other hand, above 1100°C, the skeleton density is nearly
constant around 3.1 g/cm?, while the bulk density
increases and the porosity decreases, which is a clear
indication of a sintering process. In particular, sub-
stantial densification occurs above 1300°C, as indicated
by the increase of the bulk density from 22.00 g/cm? at
1300°C up to 2.61 g/ecm? at 1500°C and by the corre-
sponding decrease of the porosity from 37% at 1300°C
down to 16% at 1500°C. Moreover, for the sample
pyrolized at 1500°C, the BET specific surface area and
the total integrated pore volume drop from 110 to 7 m?/
g and from 0.220 cm?’/g to almost zero (0.01 cm?/g),
respectively, as compared to the gel. This densification
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Fig. 9. TEM micrograph of the sample pyrolyzed at 1500°C which
shows a mullite grain (in [001] orientation) adjacent to both Al,O; and
residual glass phase (being phase-separated). It is concluded that mul-
lite formation occurs via heterogeneous nucleation at the Al,O3-SiO/
SiC phase boundary.

Table 1
Quantitative analysis and crystallite dimension obtained from the
Rietveld analysis of the diffraction pattern of the samples fired at
1500°C

Mullite  Alumina  SiC Amorph. SiO,

Weight % 66 12 7 15
Crystallite size (nm) 5848 77+9 1.8+0.2

Table 2
Density and porosity values for the samples pyrolized in Ar for 1 h at
the indicated temperatures

Temperature Bulk density Skeleton density Porosity
0 (g/cc) (g/cc) (%)

20 1.49+0.01 2.44+0.01 39

900 1.62+0.01 2.73+0.01 41

1100 1.79+40.01 3.06+0.01 41

1300 2.00+0.01 3.15+0.01 37

1450 2.38+0.01 3.06+0.01 22

1500 2.61+0.01 3.11+0.01 16

process of the amorphous SiOC/Al,O3 composite in the
temperature range between 1300 and 1500°C is certainly
due to the viscous sintering of the silicon oxycarbide
glass matrix above its T, which results in the closure of
the smaller pores. In Fig. 6b, the comparison of the
dilatometric curves recorded in Ar or air of a sample
pre-annealed at 900°C in Ar is shown. Heat treatment in
air results in both burning of carbon and transforma-
tion of the SiOC glass into silica. Consequently, the
glass transition temperature is lowered from ~1300°C
for the oxycarbide glass to ~1150°C, typical for fuse
silica. This can be considered as an indirect proof of the
presence of a SiOC glass matrix when annealing the fil-
led gels in inert atmosphere.

For the SEM observations, a thin slice was cut from
cylindrical pyrolyzed samples and subsequently
polished. This sampling procedure allowed to study
both the microstructure close to the outer surface and in
the core of the cylinder. The central part of the sample is
characterized by a rather homogeneous dispersion of
residual porosity, with pores generally below ~3 pm.
Even if a quantitative analysis of the SEM images has
not been performed, the amount of porosity seems to be
consistent with the value of 16% estimated from the
bulk and skeleton density measurements already pre-
sented. On the other hand, the microstructure at the
surface of the rod is different: its porosity level is higher
and the pores are larger with dimension up to 10-20 pum.
The thickness of this porous layer is ~0.5 mm for rods
being 8 mm in diameter. This porous surface layer is
probably due to the incipient decomposition of the sili-
con oxycarbide phase which leads to the formation of
volatile species (SiO and CO) and a porous surface
layer.

TEM examination of the central region of a sample
pyrolyzed at 1500°C shows a rather complex micro-
structure (Fig. 7a) where the extensive formation of
mullite is evident. The presence of mullite in this mate-
rial was confirmed by applying both TEM techniques,
selected area diffraction (SAD) in addition to energy-
dispersive X-ray spectroscopy (EDX). Moreover, the
presence of spherical alumina particles in addition to
local porosity and residual glass was observed. It should
be noted that the residual glass shown here in fact
represents a mixture of SiO; plus nanosized SiC parti-
cles due to the phase separation occuring at tempera-
tures exceeding 1400°C.2! Moreover, it is important to
note that precipitation of nm-sized SiC particles could
also be confirmed within the mullite matrix grains by
local contrast variations within the high-resolution lat-
tice image of the mullite host crystal (sse HRTEM
micrograph in Fig. 7b). Typically, the SiC particles are
5-10 nm in size and are seen as intragranular inclusions.
In addition to this mullite-SiC nanocomposite micro-
structure, residual Al,O; particles as well as residual
SiCO glass (phase separated) was found (see Fig. 8a and
b). This finding is consistent with the reported XRD
data and indicates that the formation of mullite was not
completed after annealing at 1500°C for 1 h. Apart from
the intragranular SiC precipitation, larger SiC particles
(up to 100 nm in diameter) were also observed typically
at multi-grain junctions, as depicted in Fig. 8(b).

4. Discussion

The new processing technique employed here to form
a homogencous mullite-based nanocomposite is expec-
ted to have the following advantages over the conven-
tional AFCOP route: apart from mixing, which can
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result in homogeneous green compacts applying both
techniques (e.g. molecular nature of liquid silicon alk-
oxides), (i) the —OH groups at the surface of the oxide
particles could react with the Si-OEt and/or the Si-OH
surface groups leading to =Al-O-Si= bridges thus
helping the homogenecous dispersion of Al,Oz in the
matrix, (ii) the composition of the siloxane network, in
terms of Si—-R, R=H, Me, Et, ... groups, can be tai-
lored starting from suitable Si-R modified alkoxides,
(ii1) the introduction in the system of an extra metal
such as Zr, Ti, B, etc., could be easily achieved by mix-
ing the Si and Zr, Ti, B, etc., alkoxides, and (iv) the
powder-containing sol can be shaped by conventional
casting techniques allowing for complex geometries.

SEM study (see Fig. 2) reveals that this new sol-gel
process for the synthesis of the Al,Os-filled precursor
leads to a homogeneous distribution of the alumina
powders within the siloxane matrix. Microstructural
characterization performed with the nitrogen adsorp-
tion-desorption technique suggests that the filled gels
are highly porous. This porosity is generated during the
drying process of the wet gels and is thought to be rela-
ted to the constrain induced by the alumina powder on
the shrinkage of the gel matrix. Indeed, the linear
shrinkage associated to the wet-to-dry gel transforma-
tion for an unfilled methyltriethoxysilane-derived sam-
ple is 32%, which is much higher as compared to the
20% measured for the filled samples. Moreover, the
unfilled gel displays a very low surface area and low
pore volume (close to zero), confirming that, when
unconstrained, the methylsiloxane gel can shrink during
drying without generating any pores.

During pyrolysis in inert atmosphere up to 1100°C,
the only phase evolution is associated to the organic-
inorganic conversion of the polymethilsiloxane matrix
into an amorphous silicon oxycarbide glass. From the
microstructural point of view, the level of open porosity
does not change (41% at 1100°C), and the increase of
the bulk density [from 1.49(1) to 1.79(1) g/cm?; see also
Table 2] is simply related to the specific molar volume
change of the polymeric matrix upon its conversion into
a ceramic material.

Viscous sintering of the glass matrix occurs above
1100°C. The densification rate is the highest above
1300°C, i.e. above the glass transition temperature of
the SiCO glass, which is known to be in the range 1300—
1350°C.15:16 Such a viscous sintering process leads to the
collapse of most of the finer pores, as it is evident from
the nitrogen adsorption-desorption measurement which
revealed, for the 1500°C sample, a total pore volume
close to zero, as compared to the 0.220 cm?3/g of the
precursor material.>?

The observed densification process is similar to the
transient viscous sintering (TVS) process developed by
Sacks et al.>3 and recently refined by Schneider et al.?*
for the low temperature production of high density

mullite ceramics. According to this process, micro-
composite alumina powders coated by an amorphous
silica layer can be fully densified into an amorphous
silica/Al,O3 ceramic composite by sintering in the tem-
perature range of 1100-1300°C. Mullite formation can
finally take place at temperature in the range 1300-
1500°C, depending from the alumina phase employed (o
or v).

As already discussed, in our study, the presence of a
silicon oxycarbide glass instead of pure silica accounts
for the higher sintering temperature. On the other side,
the rather high level of residual porosity (*16%)
observed in our samples can also be related to the larger
size of the alumina powder (=800 nm) compared to
those used in the TVS studies (300 nm for the a-Al,O3
particles in Ref. 23 and 10 nm for the y-Al,O3 particles
in Ref. 24). Indeed, the fine particle size can enhance
densification by particle rearrengement. Finally, few
large pores which display very low shrinkage rates are
probably already present in the Al,Os-filled precursor.

One major open question, however, is as to whether
the mullite formation proceeds via the classical nuclea-
tion and growth process within the glassy phase or if a
solid state reaction at the Al,O;—SiCO phase boundary
is responsible for the mullite nucleation. As shown in
Fig. 9, the latter process is thought to be the dominant
mechanism, since mullite is formed right at the interface
between a residual Al,O; particle adjacent to SiCO
glass. It should be also noted that the residual SiCO
glass in fact represents a mixture of SiO, plus nanosized
SiC particles. Indeed, EDX and in particular corre-
sponding EELS analysis of amorphous regions indicates
a phase separation of the residual SiCO-glass into SiC
nanocrystallites embedded in amorphous silica. A com-
prehensive study of this phase separation process, which
is characteristic for SiOC based glasses at temperatures
exceeding 1200°C, is currently ongoing in an European
TMR project on SiOC glasses and initial results are
presented elsewhere.!7-2!

It is concluded that mullite formation proceeds via a
heterogeneous nucleation process at the Al,O3;-SiO,/
SiC phase boundary and therefore due to this phase
separation process, small SiC particles, being 5-10 nm
in size, are observed within the mullite matrix grains.
Moreover, larger SiC grains are found at grain bound-
aries and at multi-grain junctions being up to 100 nm in
diameter. This reaction mechanism would in turn
explain the observed complex microstructure of this
mullite—SiC composite.

5. Conclusions
A modified processing route, based on the active filler

controlled pyrolysis (AFCOP) process, has been devel-
oped for the preparation of ceramic nanocomposites.
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The main difference of this processing technique com-
pared with the conventional AFCOP process is the pre-
paration of the starting filled polysiloxane from ceramic
powders and a methyl-modified silicon alkoxide,
MeSi(OEt);, through the sol-gel process. The use of a
reactive molecular precursor such as MeSi(OEt);
improves the homogeneous dispersion of the oxide
powders into the preceramic matrix, allows a better
control of the composition of the preceramic network
through the proper choice of the modified silicon alk-
oxide and, in principle, consents the easy introduction
of extra metals such as Zr, Ti, or B via their respective
metallic alkoxides. Therefore, it is believed that this
modified processing technique can have a great poten-
tial to produce a wide range of nano/microcomposites
of different composition.

In the present work, this method has been successfully
applied for the fabrication of a mullite/SiC nanocompo-
site in which the SiC nanocrystals are homogeneously
dispersed into the mullite matrix grains. The micro-
structure and phase development during pyrolysis has
been investigated by scanning and transmission electron
microscopy as well as X-ray diffraction, in conjunction
with DTA-TGA and dilatometric measurements. Above
900°C, the A,Os-filled siloxane is tranformed into an
amorphous  SiOC,,ix/Al,O3  composite. Around
1300°C this material densifies due to a viscous sintering
process of the silicon oxycarbide matrix above its glass
transition temperature, which is higher as compared to
fused silica. At temperatures exceeding 1350°C, a phase
separation of the SiOC glass into SiO, and nanosized
SiC takes place. The silica can then crystallize into cris-
tobalite, as shown by XRD studies. Final mullitization
occurs extensively at 1500°C via a reaction of the alu-
mina with the phase separated SiO, giving the final
mullite/SiC nanocomposite. The complexity of the mul-
lite formation mechanism has to be studied in more
detail, in order to allow to fully exploit the potential of
this process with respect to tailoring of nano/micro-
structures and respective properties.
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