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Abstract

The influence of annealing temperature (1000, 1100 and 1200°C) on the mechanical properties of SiC—Si composites has been
evaluated. Three SiC powders with particle sizes in the range of 0.24 to 0.7 um were used to produce the composites. Before
application the SiC powders were treated with hydrofluoric acid to remove the extent of SiO,. With this treatment a successful
infiltration of green-bodies especially produced of SiC powder with a mean particle size of 0.24 um was possible. The bending
strength decreased with decreasing SiC starting particle size as well as with increasing annealing temperature. However, the fracture
toughness was independent on SiC starting particle size and annealing temperature. XRD diffraction analysis showed that internal
stress, expressed by broadening of XRD peaks, is low and had no effects on the mechanical properties of the composites. © 2000

Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction

Silicon-infiltrated silicon-carbide (SiSiC, SiC-Si, RB-
SiC) is a well known material for high performance
ceramics such as heat-exchangers, seal-rings, valve-discs
and ceramic engine parts.! 3 This ceramic has particular
advantages in terms of producing and costs since such
ceramic parts can be produced at relatively low tem-
peratures (1500-1700°C) with no or less shrinkage so
net-shape processing is possible. The great field of
applications are due to its outstanding properties like
good resistance against oxidation and corrosion, excel-
lent tribological properties and high mechanical
strength up to 1300°C.*7 The basic mode of manu-
facturing SiC—Si ceramics consists of infiltrating a por-
ous compact of a-silicon carbide (SiC) and carbon with
liquid silicon (Si). The carbon reacts with liquid silicon
under formation of new B-SiC which grows onto the
original o-SiC and hence bonds the whole compact
together.® Residual pores and space not occupied by
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silicon carbide are filled with liquid silicon (free silicon
phase). It is well known ° that one limiting factor to obtain
such ceramics is the amount of free silicon in the compo-
sites. At temperatures above 1400°C the mechanical
properties (e.g. strength and creep) deteriorate due to
existing free silicon content. The mechanical strength of
SiC-Si is dependent on the grain size of the original SiC
powder as well as on the amount of free silicon. With
decreasing grain size of the original SiC powder and at
comparable free silicon contents strength increases.
Experiments of the authors have shown that using SiC
powders with a mean grain size in the range of 3 to 12.8
um a clear linear enhancement of the bending strength
with decrease of original SiC size was observed.!°
However, a further reduction of the SiC particle-size
(0.5 um) brought no increase of the bending strength.
One possible explanation of this behaviour was the
occurrence of internal stress in the compacts as a result
of the volume expansion of silicon during cooling. Due
to the fine SiC microstructure, the silicon cannot expand
during solidification as it should and this circumstance
may be generate stresses within the microstructure. It
was assumed that these internal stresses weaken the
microstructure of the compacts produced and lower the
bending strength of the material.'”
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The present work in continuation of these works deals
with the production of SiC-Si composites with sub-
micron SiC grain structure. The grain size of the start-
ing SiC is in the range of 0.24 to 0.7 um. The assumed
residual stresses of the composites shall be reduced by
annealing at different temperatures and determined by
X-ray diffraction analysis. To eliminate the influence of
SiO, on the infiltration of the green-compacts the SiC
powders used in this study shall be etched.

2. Experimental procedure

a-SiC powders (0.7, 0.51, 0.24 pm), carbon black,
phenolformaldehyd resin (Perstorp AG, Sweden) and
Si-metal (Gesellschaft fiir Elektrometallurgie, Germany,
mean Si-grain size 0.2 pm) were used as starting mate-
rials. The SiC powders were provided by two suppliers,
ESK Kempten Germany (0.7 um SiC) and H.C. Starck,
Waldshut-Tiengen, Germany (0.54 and 0.24 pum). Table
1 shows the typical characteristics of the SiC powders
used and Table 2 gives the chemical composition of the
silicon.

The analysis of the particle-size of the SiC powders
used was carried out semi-automatically with the com-
puter program Kontron KS100 by Zeiss: based on SEM
images the SiC particles (about 130 for each SiC pow-
der) were surrounded with a digitiser pen to get digitised
values for the particle-perimeter (Fig. 1). From these
values the mean particle-sizes of the SiC powders were
then calculated.

To reduce the extend of SiO, of the SiC powders used
in this study, the SiC powders were etched 24 h with 20
vol% hydrofluoric acid.

Table 1
Characteristics of the SiC-powders used
SiC-quality Mean SiC-particle Oxygen
size (um) content (Wt%)
As supplied After etching
RS 07 0.7 0.6 0.03
UF-15 0.51 1.7 0.6
UF-45 0.24 4.5 1.5
Table 2
Chemical composition of the silicon used
Mean SiC-particle Purity
size (um) (W%)
0.2 Si: >99.7; Fe: 0.004; B: 0.003; Co: 0.008;

Cr: 0.01; Cu: 0.015; Mo: 0.002; Ni: 0.02;
Nb: 0.002; Ta: 0.002; V: 0.03; W: 0.003;
Ti: 0.05; Sn: 0.003; Zn: 0.003

Previous experiments by the authors have shown that
it was impossible to produce SiC—Si composites with no
open porosity using 0.24 um SiC (density less 90%).'°
After infiltration, composites with high porosity (12%)
were obtained and in some cases the green-compacts
were destroyed during infiltration process. This beha-
viour was explained by the reactions of liquid silicon
and free carbon, respectively, and the SiO, layer which
covers as an oxidation product every SiC particle. It is
quite clear, the smaller the grain size of SiC powders the
higher the amount of SiO,. The reaction between mol-
ten silicon and free carbon, respectively, and SiO, form
gaseous products, CO and SiO, which leave the green-
compacts during infiltration and hinder in that way the
liquid silicon to flow into the green-compacts. However,
a low content of oxygen (a thin layer of SiO,) is neces-
sary for a complete infiltration.!! The produced SiO
itself reacts with the near-surface carbon and opens in
that way near-surface pores.

One possible way to obtain dense SiC—Si composites
with a submicron SiC microstructure is to remove most
of SiO, by etching with aqueous HF. As Table 1 shows,
the extent of silica expressed by the oxygen content of
the SiC powders as well as the excess of agglomeration
can be clearly reduced by etching (Fig. 2). However, the
reduction of SiO, by etching of 0.51 and 0.24 um SiC
powders was not so effective as expected (only a reduction
to one third). This result can be explained by a re-oxi-
dation during processing of the SiC powders.

To produce a porous green-compact the etched o-SiC-
powder (85 wt%) and the soot (5 wt%) were suspended
in acetone and were homogenised for 24 h in a tumbling
mixer. The phenolformaldehyd resin (10 wt%, organic
binder) was then added and the acetone was removed to
obtain a dry product. The dried powder-mixture was
sieved, granulated by rolling the moist powder in a flask
and then dry pressed at 75 MPa to get green-compacts
measuring approximately 50x40x4 mm?.

Fig. 1. SEM-image of UF-45-SiC powder with a mean particle-size of
0.24 pm as supplied.
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Fig. 2. SEM-image of UF45-SiC powder with a mean particle-size of
0.24 pm after etching with HF.

After pressing, the green-compacts were heated up
under controlled conditions to harden and crack the
organic binder to pure carbon. The contact-infiltration
technique was used to silicide the green-bodies. In this
technique a silicon source (consisting of high purity
silicon and carbon) is placed on the top of the green
body, placed in a graphite furnace and heated under
vacuum (typically 5x 107> bar) at 1500°C for 60 min.

After infiltration the excess of silicon remained on the
surface was removed by grinding and the compacts were
then annealed 50 h at 1000, 1100 and 1200°C in Argon
atmosphere in a tube furnace and a heat rate of 5°C/
min. The subsequent cutting of the material was per-
formed with a diamond saw (bars measuring 40x3x4
mm?). The bars were polished with diamond grit of a
range of sizes down to 1 um. The bulk density of the
infiltrated specimens was measured by Archimedes
principle in water.

The fracture toughness of the composites was mea-
sured using three-point loading and single-edge notched
beam technique with a notch width of 100 um, a span of
11 mm and a cross head speed of 0.5 mm/min (nine
specimens for every material) at room temperature. The
broken bars of the fracture toughness measurements
were used to determine bending strength. Bending
strength was measured on 20x3x4 mm?; bars (18 bars
for every material is sufficient for determining bending
strength) at room temperature using three point loading
with a span of 11 mm and a cross-head speed of 0.2
mm/min and were evaluated using Weibull statistics.

3. Results and discussion

3.1. Density

The Table 3 shows the measured densities of the
green-compacts. Fig. 3 represents the dependence of the
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Fig. 3. Relative densities as a function of particle-size of SiC-powder
on SiC-Si (data point sizes represent the standard deviation).

green-compact-densities (% of theoretical density) after
compaction, hardening and cracking on the particle-size
of the used SiC. The calculation of theoretical densities
is described in Ref. 12. The volume fraction of free sili-
con within the composites can be estimated by the
equation using theoretical densities of SiC (3.21 g/cm?)
and Si (2.33 g/em?) e.g. Vg =3.648—1.136D, where D is
the bulk density of the composites.

Table 2 shows the density-values after compaction,
hardening, cracking and infiltration compared to the
theoretical density.

After infiltration fully dense composites made of 0.7
pm SiC and 0.51 um SiC powder were obtained. Due to
the treatment with HF-acid a successful infiltration with
liquid silicon of green-compacts with a 0.24 pm «-SiC
structure could be carried out although the oxygen
content was still high. This shows that for a successful
infiltration a certain amount of oxygen is necessary. A
porosity of 2% was observed at materials made of 0.24
pum SiC powder.

In general, the highest green-compact-densities were
obtained using SiC powder with a mean particle size of
0.51 pum. It is interesting to note that the use of 0.24 um
SiC caused higher densities compared to compacts made
of 0.7 um SiC. It is assumed that due to the treatment
with HF-acid the behaviour of the SiC powders (espe-
cially 0.51 and 0.24 pum SiC powders) in terms of com-
paction has changed. The etching with HF-acid
destroyed most of the agglomerates. In previous experi-
ments these agglomerates had hindered the compaction
of the green-compacts using untreated SiC powders.

3.2. Microstructural analysis

Scanning electron micrographs as well as BSE analy-
sis of the polished surfaces of the composites show iso-
tropic microstructures and homogeneously distributed
free silicon phase. All the composites were found to be
fully dense except composites made of 0.24 pm SiC
starting powder were some pores were observed.

Optical analysis of the polished surfaces (not shown)
showed that all composites have homogeneous dispersed
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free silicon phase with low frequency of pressing failures
like big silicon islands or different dense areas within the
microstructure. It has to be noted that no influence of
annealing temperature could be determined on the
microstructures (e.g. grain growth of starting SiC) of the
composites.

During infiltration procedure no effective grain
growth of the starting SiC particles took place. The
starting SiC grains observed are combined together with
new formed SiC and are embedded into free silicon
phase (Fig. 4).

Examination of all fractured surfaces of the compo-
sites with SEM showed that most of the fractures origi-
nated from defects near the surfaces. These defects were
found to be pores as well as silicon islands which are
surrounded by a layer of SiC, respectively, within the
microstructure. Fig. 6 illustrates such an defect. The
bright dots in Fig. 5 were investigated by EDS analysis
and were found to be not heavy metal silicides. It seems

Fig. 4. SEI/BSE split image of polished surface of SiC-Si illustrating
the structure made of 0.24 pm (annealed at 1000°C, unetched).

Fig. 5. SEM micrograph of the fractured surface of the composite
made of 0.51 pum SiC (annealed at 1000°C) illustrating microcracks
within silicon phase.

that these areas are charged by the electron beam. The
differences between BSE and SEI images are low and
reveal only less information about the microstructure.
This may due to the high amount of free silicon phase
and the very fine SiC microstructure of the composites.

It is interesting to note that within the free silicon
microcracks were found. These microcracks can be
observed in all annealed composites at all annealing
temperatures and were observed only in the middle of
the fractured surfaces but were not found in unannealed
composites or in silicon islands located near the sur-
faces. Because such microcracks were not found in
unannealed composites it is assumed that these micro-
cracks are generated due to local tensile stresses gener-
ated during cooling down in the annealing procedure
due to crystallographic mismatch and/or differences in
thermal expansion coefficient of SiC and silicon. How-
ever, X-ray diffraction analysis has shown that the effect
of tensile stresses on the peak broadening of the silicon
peaks is very low and can be neglected.

The fractured surfaces of composites produced of 0.24
um SiC starting powder revealed that often the fractures
originated from processing defects e.g. pores which are
not filled with silicon (Fig. 7). Figs. 8 and 9 illustrate
that SiC particles found within the pore are partially cov-
ered by silicon. Up to now it is not fully understood why
the pore is not filled up with silicon. However, at the side of
the pore free silicon was observed. It may be assumed that
a certain gas pressure (CO or SiO gas) within the pore had
hindered the liquid silicon to fill up the pore.

3.3. XRD-analysis

The X-ray diffraction analysis was carried out in
terms of determining internal stresses. Stresses within

Fig. 6. BSE micrograph of the fractured surface of the composite
made of 0.51 pum SiC (annealed at 1000°C) illustrating microcracks
within silicon phase.
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20 um

Fig. 7. SEI/BSE split image: pore within the fractured surface of the
composite made of 0.24 um SiC (unannealed); arrow indicates detail
region of Figs. 8 and 9.

X

Fig. 8. SEM image: detail of Fig. 7; look within the pore. SiC grains
are embedded within silicon.

the microstructure may be possibly generated because
during cooling the free silicon phase expands. In this
investigation the volume fraction of free silicon
increased with decreasing SiC starting particle size. It
was assumed that internal stresses is lowering the
mechanical properties of the composites and is propor-
tional to the volume fraction of free silicon.

One possibility to determine stress of the composites
is the measuring of the X-ray diffraction peak-broad-
ening. This method was used to determine the lattice dis-
tortion of alumina powder generated through milling.!3
However, the effects are quite small, which means that
accurate measurements are necessary. The peak-broad-
ening is influenced by a number of factors, e.g. instru-
mentation broadening, crystallite-size and microstrains
expressed by lattice distortion. In this investigation only
composites produced of 0.24 pum SiC starting powder

Fig. 9. BSE image: look within the pore. SiC grains are embedded
within silicon.

have been measured due to the consideration that these
composites have the biggest influence on the peak-
broadening due to their enhanced free silicon content.
The measurements were carried out using Philips PW
1710 equipped with graphite monochromator and
operated at 40 kV and 40 mA using Cuk, radiation in
step scan mode with 0.02°/step and 1.2°/min in the
range of 5 to 130°.

The analysis of the XRD-plots by Rietfeld method!*
has shown that the effect of residual stresses on the
peak-broadening can be neglected. No evidence of resi-
dual stresses was observed. The small peak-broadening
observed at unannealed composite was due to the small
grain size of free silicon phase. Because of the clear
grain growth of silicon during annealing the XRD peaks
of silicon became smaller. It was found that the crystal-
lite size of silicon after annealing at 1200°C was 2 times
higher than the crystallite size of silicon after annealing
at 1000°C. XRD pattern of the composite produced of
0.24 pm starting SiC powder and annealed at 1000°C
indicates the presence of free silicon, «-SiC, small
amounts of B-SiC and 4H-SiC (main peak at position
34.8° 20). During the reaction between free carbon and
molten silicon B-SiC is formed which subsequently is
transformed to an array of polytypes controlled by the
structure of the starting material.!>~!® However, in most
of these studies reported starting SiC powders with
grain sizes in the range of 5 to 100 pm were used. It
must be emphasised that in this study sub-micron SiC
powders were used. The differences between «-SiC
(starting material) and 4H-SiC (new material) is the
different length of the c-axis of the elementary cell (a-
SiC: 15 A, 4H-SiC: 10 A) but both, a- and 4H-SiC, have
got hexagonal modification. After infiltration it was
found that most of new formed SiC had been trans-
formed to 4H-SiC. Only a few percent (approximately 3
wt%) of B-SiC (cubic modification) are deposited on the
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starting SiC particles. This result was found possibly
either due to boron impurities (BNj,x is used as a coat-
ing to prevent reaction with graphite crucible) and/or
the very fine grain size of the starting SiC particles
(hexagonal modification) which force the transforma-
tion into a hexagonal structure of the new formed SiC.
Experiments have shown that in microstructures made
of coarse starting SiC particles (13 pm) after infiltration
predominantly B-SiC was found. Also, it is interesting
to note that after infiltration (at same infiltration con-
ditions) the residue of the silicon source consisted of
approximately 50 wt% of B-SiC, silicon and very small
amounts of 4H-SiC (< 2 wt%). These results show that
not only impurities or (local) temperatures control the
SiC transformation, the transformation maybe also
influenced (“seeded’) by the fine SiC microstructure.

3.4. Mechanical properties

To calculate the critical defect sizes the classical fracture
mechanical relationship is applied which corresponds to
Griffith criterion:

o-Y-Jma=K>Ki (1)

where o is the load amplitude, a the crack length, Y a
geometric factor, K the stress intensity factor and Kj.
the fracture toughness. Using this equation the critical
defect radius is

1 KIc :
.= — 2
w=1x (1) @

with op as the fracture strength and Y =2/7 for a
penny-shaped short crack. The independently measured
values for fracture strength and fracture toughness were
set in Eq. (2) to calculate the critical defect sizes.

The dependence of the critical defect size on the SiC
starting particle size and annealing temperature is illu-
strated in Fig. 11.

The critical defect size is more or less the same for all
unannealed materials. This result shows that the critical
defect size is independent on the SiC starting particle
size as well as the content of free silicon. With decreas-
ing starting SiC particle size and increasing annealing
temperature the critical defect sizes observed increased
for the composites. It is interesting to note that at 1000°C
annealing temperature the critical defect sizes reached
their lowest values for all materials. The microstructural
analysis of the fracture origins confirmed the calculated
defect-diameters.

The mechanical properties of the composites are
summarised in Tables 4 and 5. The fracture toughness
and mean bending strength are plotted as a function of
the particle-size of starting «-SiC and annealing tem-
perature and are demonstrated in Figs. 12 and 13.
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Fig. 10. XRD pattern of SiC-Si composite of 0.24 pm SiC (annealed
at 1000°C).

In general, the fracture toughness is independent on
the SiC starting particle size as well as on the annealing
temperature and has a value of 3.8 +0.6 MPa /m.
However, a slight increase of fracture toughness with
decreasing SiC starting particle size is observed for the
unannealed materials. The mean bending strength
values decreased with decreasing SiC starting particle
size. In general, the lowest strength values were
obtained for the composites made of 0.24 um SiC pow-
der whereas the highest bending strength value (516
MPa) was observed for the composite made of 0.51 um
SiC powder and annealed at 1000°C.

With increasing annealing temperature up to 1000°C
the bending strength first remained constant for all
composites but then clearly decreases. The lowest bend-
ing strength values were observed at 1200°C annealing
temperature for all composites due to the enhanced cri-
tical defect size of the composites (Table 5). Due to poor
mixing in the compact often areas of SiC free residual
silicon (radius 30—40 pm) surrounded or almost closed
by a layer of fine SiC were found in the composites. The
enhancement of the critical defect size can be explained
by the fact that a certain grain growth of the free silicon
occurred during annealing of the materials and it is
understandable that with increasing annealing tempera-
ture the grain growth of free silicon increases, too. This
circumstance leads to big silicon grains which may act
as fracture initiating defects during testing bending
strength. It is known that the weak parts in the Si—SiC
microstructure are the SiC:Si interfaces!® as well as the
free silicon itself. Due to the very fine microstructure of
the composites more SiC:Si interfaces are within the
structure compared to those made of coarse SiC. The
crystallographic matching between Si and SiC
(untransformed as well as transformed) is poor. It is
assumed that with increasing annealing temperature the
crystallographic matching becomes additionally poorer
and lowers in that way the strength.

Although the initial purity of the silicon used to pro-
duces the composites is very high (Table 2) it can not be
excluded that the formation of impurity silicides, e.g.
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Table 3

Density values obtained after compaction, hardening, cracking and infiltration for each SiC powder

Density after
hardening (g/cm?)

Density after
compaction (g/cm?)

SiC-quality/mean
particle size (um)

Density after
cracking (g/cm?)

Theoretical
density (g/cm?)

Free silicon
content (Vol%)

Density after
infiltration (g/cm?)

RS 07/0.7 1.60+0.01 1.56£0.01 1.56+£0.014 2.86+0.001 39+1 2.86+0.004
(56.0%) (54.6%) (54.6%) (100%) (100%)
UF-15/0.51 1.85+0.03 1.79£0.03 1.75+0.01 2.89+0.001 35+0.8 2.89+0.003
(64.0%) (62.0%) (60.3%) (100%) (100%)
UF-45/0.24 1.60+£0.01 1.57+0.01 1.56£0.02 2.79+0.002 42+1 2.85+0.007
(56.0%) (55.1%) (54.7%) (98.0%) (100%)
Table 4
Description of the mechanical properties of the SiC—Si composites
SiC-quality/particle-size (um) Fracture toughness (MPa,/m) Mean bending strength opsy (MPa)
Annealing temperature Annealing temperature
Unannealed 1000°C 1100°C 1200°C Unannealed 1000°C 1100°C 1200°C
RS07/0.7 44+04 3.4+0.7 3.84+0.6 3.4+0.7 499 +35 494 +40 407 £42 414+49
UF-15/0.51 4.84+0.6 44+0.5 3.3+04 4.6+0.5 512+48 516+42 388+£55 436+48
UF-45/0.24 3.440.6 3.0+0.5 3.24+0.4 3.6£0.6 387+33 411+37 378+32 336+30
Table 5

Critical defect sizes and Weibull moduli of the SiC—Si composites

SiC-quality/particle-size (um) Critical defect size (um)

Weibull modulus

Annealing temperatures

Annealing temperatures

Unannealed 1000°C 1100°C 1200°C Unannealed 1000°C 1100°C 1200°C
RS07/0.7 61+3 37+8 68+8 53+10 6+2 442 3+2 442
UF-15/0.51 69+5 57+4 57+3 87+1 4+2 542 4+1 4+1
UF-45/0.24 61+£10 4246 56+5 90+10 542 4+2 542 442
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—6—0.51um SiC size
90 + —A—0.7um SiC size
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Fig. 11. Critical defect size versus annealing temperature in SiC-Si
composites.

chrome, iron, deteriorate also the strength. However,
these silicides must be present in all composites and
their presence must be independent of the annealing
temperature. EDS analysis of all fractured surfaces
showed no evidence of the occurrence of such heavy
metal silicides.

Microstructural analysis of the fractured surfaces
revealed that most of the fractures originated from sili-
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Fig. 12. Fracture toughness versus particle-size of a-SiC-powder in
SiC-Si composites.

con islands and pores near the surface. These defects
can be eliminated by improved mixing technique, e.g.
attrition milling. The fact that at 1000°C annealing
temperature the bending strength remained at a high
level can explained by healing of microcracks within the
free silicon phase which were induced during cooling
step or by polishing. In Ref. 18 the authors have shown
that during polishing the Si from the SiC:Si interfaces
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Fig. 13. Variation of mean bending strength with annealing tempera-
ture in SiC-Si composites.

was broken out of the surface and hence these places act
as initial flaws for fracture. Such failures can not be
excluded for the samples investigated because the time
for cutting, grinding and polishing was clearly enhanced
compared to the composites produced of coarse starting
SiC'% and may contribute to the decrease of strength.
Fig. 6 illustrates microcracks within a silicon island. The
healing of microcracks and the grain growth of silicon
are two contrary effects. At lower annealing tempera-
tures the healing of microcracks predominate the small
grain growth of silicon and high strength values were
obtained. Internal stresses, in principal, could also
influence the mechanical behaviour. However, the resi-
dual stresses observed by XRD-analysis was low. With
increasing of annealing temperature the situation chan-
ges. The grain coarsening of free silicon predominate
the healing of microcracks and hence the bending
strength values decrease. The Weibull modulus as an
expression of the homogeneity is low which shows the
imperfect powder processing.

4. Conclusions

In this investigation, three commercial SiC powders
with grain sizes in the range of 0.24 to 0.7 pm were used
to produce SiC-Si composites with submicron SiC
microstructure. The influence of annealing on the
mechanical properties as well as microstructure was
investigated:

1. Due to the treatment of the starting SiC powders
with hydrofluoric acid in terms of removing the
extent of SiO, a successful infiltration of the green-
compacts especially of green-compacts produced
of 0.24 um starting SiC powder can be obtained.

2. The produced composites were annealed at 1000,
1100 and 1200°C in terms of reducing the assumed
stresses within the microstructure. The bending
strength increased in the range of room temperature

to 1000°C. A drastically decrease of strength was
observed after annealing at 1100 and 1200°C,
respectively. The decrease of strength is caused by
the growth of critical defects during annealing,
microcracks induced by tensile stress generated
during cooling down in the annealing step and the
presence of low amounts of heavy metal silicides.
The highest bending strength value (516 MPa) was
obtained at 1000°C annealing temperature for the
composite consisted of 0.51 pum starting SiC. The
fracture toughness was independent of the SiC
particle size as well as annealing temperature.

3. The effects of internal stresses on the mechanical
properties were found very low and were indepen-
dent of annealing temperatures. However, micro-
cracks within the microstructure may be indicative
for (tensile) stresses generated during cooling
down the samples in the annealing step because such
microcracks were only found in annealed composites.

4. The critical defects were found to be silicon islands
and pores. Within these silicon islands often
microcracks were observed. XRD analysis showed
that the silicon grows during annealing. It is well
known that with lowering the starting grain size of
SiC the processing (mixing, compaction) of the
composites becomes more difficult.

5. After infiltration small amounts of B-SiC and more
4H-SiC was found for the composites. It seems
that the small SiC microstructure force the trans-
formation of B to 4HSIC.
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