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Abstract

The influence of resin content (15-20, 25 wt.%) and compaction pressure (75, 100, 125 MPa) on the mechanical properties and
microstructure of SiC—Si composites with sub-micron microstructure has been evaluated. To produce the composites three powders
with particle sizes in the range of 0.22-0.70 um were used. Before application the SiC powders were treated with hydrofluoric acid
to remove the extent of SiO,. Due to this treatment a successful infiltration of green-bodies, even of those produced of SiC powder
with a mean particle size of 0.22 um, was possible. The fracture toughness and bending strength increased with increasing resin
content. The highest value of strength was observed at 733 MPa for the composites produced of SiC powder with a mean grain size
of 0.70 um and a resin content of 25 wt.%. Within this composite the free silicon content was reduced to 12 vol.%. In regard to
previous experiments this is a reduction of more than 50%. These results are a consequence of the lowering of the free silicon
content of the composites when increasing the resin amount. With decreasing SiC starting particle size the mechanical properties

decreased but they were independent on compaction pressure. © 2001 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 providing outstanding
properties. This ceramic has particular advantages in
terms of production and costs since such ceramic parts
can be produced at relatively low temperatures (1500
1700°C) with no or less shrinkage so net-shape proces-
sing is possible. Due to its good resistance against oxi-
dation and corrosion, excellent tribological properties
and high mechanical strength up to 1300°C,'™ this
ceramic is used in a number of different industrial
applications, e.g. as a material for combustion cham-
bers, gas-turbines, heat-exchangers, seal-rings, valve
discs and ceramic engine parts.>® It is well known that
the main problem in using this ceramic is its brittleness.’

* Tel.: +43-1-58801-16130; fax: +43-1-587-79-18.
E-mail address: mwilhelm@fbch.tuwien.ac.at (M. Wilhelm).

Many efforts have been undertaken to improve the
mechanical properties of SiC—Si.

These ceramics are usually fabricated by infiltrating a
porous compact consisting of a-silicon carbide (SiC)
and carbon with liquid silicon (Si). It is well known'?
that one limiting factor to obtain Si-SiC ceramics of
high strength is the amount of free silicon in the com-
posites since the SiC:Si interfaces and the brittle free
silicon phase are preferential paths for fracture.!!

In order to reduce the amount of free silicon to obtain
better mechanical properties SiC—Si composites made of
two powders with different grain sizes (bimodal SiC
structure) were produced in earlier investigations.!?
These composites contained low free silicon contents
but their mean bending strength was limited at 350
MPa.

The following experiments with composites made of
one SiC powder (monomodal SiC structure)® showed
that using SiC powders with a mean grain size in the
range of 3-12.8 um a clear linear enhancement of the
bending strength with decrease of original SiC size was
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observed. However, a further reduction of the SiC par-
ticle size to 0.5 pm brought no increase of the mean
bending strength. The authors assumed that four effects
influence the mechanical properties of the composites.
These are the oxygen content of the starting SiC pow-
ders, internal stresses, the density of pressing failures
and the free silicon content.

In further investigations'3 the oxygen content of the
powders used was decreased by etching with hydro-
fluoric acid. Due to eliminating the influence of SiO; on
the infiltration of the green compacts a successful silici-
dation of green bodies especially of those produced of
SiC powder with a mean grain size of 0.22 pum was
possible.

In order to reduce the stresses within the SiC-Si
microstructure, which are caused by the thermal expan-
sion of silicon during cooling down,'4!> the composites
were annealed at 1000, 1100 and 1200°C, respectively.'?
It was noticed that the effects of internal stresses on the
mechanical properties are very low and independent of
annealing temperature. In Ref. 9 it was assumed that
defects in the microstructure are a consequence of an
imperfect technology. During the mixing step with the
tumbling mixer a homogeneous distribution of the soot
cannot be achieved so that carbon islands remain after
compaction. An increased density of pressing defects,
e.g. cracks filled with silicon, silicon islands, non-con-
nected granulate grains after compaction, which mainly
affect the mechanical properties of the specimens was
observed within the composites made of submicron SiC
powders. Furthermore, a low plasticity of the granulate
grain as well as grain friction have a negative influence
on the microstructure and therefore on the mechanical
properties of the produced specimens.

Furthermore, it was observed that due to enhanced
friction between the granulate and the pressing die the
compaction was different in the middle and the edges of
the samples. In Refs. 13 and 16 a negative effect of high
amounts of free silicon on the bending strength was
established. The high amount of free silicon phase as
well as the small grain size of the original SiC powder
used causes an increasing occurrence of SiC:Si interfaces
which weaken the SiC-Si composite.!>'¢ One possible
way to reduce the amount of free silicon is the increase
of the free carbon content of the green bodies.

The present work deals with the production of SiC-Si
composites with sub-micron SiC grain structure. The
grain size of the starting SiC is in the range of 0.22-0.70
um. To eliminate the influence of SiO, on the infiltra-
tion of the green compacts the SiC powders used in this
study shall be etched. To determine the influence of
resin content on the amount of free silicon the resin
content is varied in the range of 15-25 wt.%. In
addition, the compaction pressure is varied (75-125
MPa) to reduce the frequency of pressing failures in the
composites.

2. Experimental procedure

Three o-SiC powders (0.70, 0.51, 0.22 pm), carbon
black, phenolformaldehyd resin (Perstorp AG, Sweden)
an si-metal (Gesellschaft fiir Elektrometallurgie, Ger-
many, mean Si grain size 0.2 um) were used as starting
materials. The SiC powders were provided by two sup-
pliers, ESK, Kempten, Germany (0.70 pm SiC) and
H.C. Starck, Waldshut-Tiengen, Germany (0.51 and
0.22 pm SiC).

Tables 1 and 2 show the typical characteristics of the
Si and the SiC powders used.

The exact producing process has been described else-
where %13

To reduce the extent of SiO; of the SiC powders used
in this study the SiC powders were etched 24 h with 20
vol.% hydrofluoric acid. However, a low oxygen con-
tent (a thin SiO, layer) is necessary for a complete infil-
tration since the produced SiO reacts with the carbon
near the surface and in that way opens surface-near
pores.!” Furthermore, it has to be assumed that an
increased compaction pressure makes the penetration of
silicon into the green compact more difficult. Therefore,
a stop at 1300°C has been set in the infiltration pro-
gramme. At this temperature the residual SiO, reacts
partly with carbon and so gaseous CO is produced. This
CO leaves the compact and in that way opens surface-
near pores.

After the etching procedure the SiC powders (75, 80
or 85 wt.%, depending on the resin content) and the
soot (5 wt.%) were suspended in acetone and homo-
genised for 24 h in a tumbling mixer. The organic binder
(15-25 wt.% phenolformaldehyd resin) was then added
and the acetone was removed by distillation in order to
obtain a dry product. This powder mixture was sieved,

Table 1
Chemical composition of the silicon used

Mean Si
particle size [um]

Purity (wt.%)

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

Table 2
Characteristics of the SiC powders used

Oxygen content (wWt.%)

Mean SiC
particle size (um)

SiC-quality As supplied After etching

RS-07 0.70 0.6 0.4
UF-15 0.51 1.7 0.7
UF-45 0.22 4.5 1.3
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granulated and then dry pressed at 75, 100 or 125 MPa,
respectively, to get green bodies.

The organic binder was hardened and cracked to car-
bon; for silicidation the contact infiltration technique
was used. After cutting and polishing bars measuring
40x3x4 mm? were obtained.

The bulk density of the infiltrated samples was mea-
sured by Archimedes principle in water. The fracture
toughness of the composites was determined 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 1 mm/min (9 specimens for every
material) at room temperature. The broken bars of this
measurement were used to determine bending strength.
The mean bending strength was measured on 20x3x4
mm? bars (18 specimens for every material) at room
temperature using three point loading with a span of 11
mm and a cross head speed of 2 mm/min. For evalua-
tion Weibull statistics was used.

3. Results and discussion
3.1. Density

Tables 3 and 4 show the measured densities of the
green compacts after compaction, hardening, cracking
and infiltration. Fig. 1 (a)—(c) represents the dependence
of green compact densities after compaction, hardening
and cracking on the particle size of the used SiC. For
this graph the results of the composites pressed at 100
MPa were used. The results of the specimens compacted
at the other pressures (75 and 125 MPa, respectively)
little differed from the plotted results. The calculation of

theoretical densities is described in Ref. 18. The volume
fraction of free silicon within the composites can be
estimated by an equation using theoretical densities of
SiC (3.21 g/cm?) and Si (2.32 g/cm?).

The densities generally increased both with rising
grain size of the SiC powders and with increasing resin
content. That is to say, the increase of resin content in
the green bodies proved a success since infiltrated den-
sities up to 3.11 g/cm? have been obtained. After infil-
tration fully dense composites made of 0.70 and 0.51 um
powder were obtained (98-99% of theory). Due to the
treatment of the powders with hydrofluoric acid also a
successful infiltration of the composites produced of
0.22 um SiC was possible, although the oxygen content
was still relatively high (1.3 wt.%). The high oxygen
content could be the reason for the remaining porosity
within these composites (approximately 3%). The high-
est porosity (6%) was determined in the composite
made of 0.22 um SiC with 25 wt.% resin which was
compacted at 125 MPa.

This observation can be explained by pressing failures
which are caused by grain friction and occur more often
within the composites made of ultrafine SiC qualities.
Such defects are a consequence of sticking effects on the
surface of the pressing mould. Furthermore, it has been
found out that a higher resin content and an increasing
compaction pressure, respectively, lead to difficulties in
processing especially during the compaction.

3.2. Free silicon content
The influence of SiC starting grain size, resin content

and pressure on the free silicon content is described in
Fig. 2 (a)—(c). The volume fraction of free silicon within

Table 3
Density values obtained after compaction, hardening, cracking and infiltration for composites made of RS-SiC powder
SiC-quality/ Resin content Compaction Density after Density after Density after Density after Theoretical
grain size (um) (wt.%) pressure compaction hardening cracking infiltration density
(MPa) (g/em?) (g/em?) (g/em?) (g/cm?) (g/cm?)
RS-07 0.70 15 75 1.88 1.81 1.81 2.9740.005 3.05
(61.6%) (59.3%) (59.3%) (97.4+0.2%) (100%)
100 1.89 1.82 1.81 2.9740.01 3.05
(62.0%) (59.7%) (59.3%) (97.4+0.2%) (100%)
125 1.93 1.87 1.85 2.9840.01 3.06
(63.1%) (61.1%) (60.5%) (97.4+0.3%) (100%)
20 75 1.95 1.87 1.86 2.9940.01 3.04
(64.1%) (61.5%) (61.2%) (98.4+0.2%) (100%)
100 1.99 1.91 1.88 3.0140.01 3.05
(65.2%) (62.6%) (61.6%) (98.740.3%) (100%)
125 2.00 1.92 1.90 3.0040.01 3.05
(65.6%) (63.0%) (62.3%) (98.4+0.4%) (100%)
25 75 2.12 2.03 1.99 3.0940.005 3.14
(67.5%) (64.6%) (63.4%) (98.4+0.2%) (100%)
100 2.12 2.03 1.98 3.104+0.004 3.14
(67.5%) (64.6%) (63.1%) (98.7£0.1%) (100%)
125 2.13 2.04 1.99 3.1140.004 3.14
(67.8%) (65.0%) (63.4%) (99.0+0.1%) (100%)
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the composites can be estimated by the equation using
theoretical densities of SiC (3.21 g/cm?) and Si (2.33 g/
cm?) e.g. Vs =3.648-1.136D, where D is the bulk den-
sity of the composites. Table 5 shows the measured
contents of free silicon of the composites.

In general, the content of free silicon after the infil-
tration is influenced by the densities of the green com-
pacts after cracking. That is to say, the higher the
porosity of the composite the more volume can be taken
up by silicon. Due to the increase of carbon content
(resulted from cracked resin) more secondary SiC (from
reacted liquid silicon with carbon) is produced which is
growing into the existing porosity of the green-compact
and, therefore, the free silicon content was reduced.
Generally, the lowest volumes of silicon were obtained
within the specimens produced of 0.70 and 0.51 um SiC,
respectively; the highest within the composites made of
0.22 pm SiC. This behaviour can be explained by
reduced grain friction and sufficient compaction which
lead to an almost ideal content of free silicon (12 vol %)

which was achieved using 0.70 pm SiC and 25 wt.%
resin compacted at 125 MPa. Compared to earlier stu-
dies® this is a decrease of the free silicon content up to
70%.

The volume of free silicon phase was reduced within
the composites made of 0.22 SiC too, but the remaining
free silicon content of approximately 30 vol.% is still
rather high and can be explained by the low densities of
these specimens. That means that these compacts con-
tain more pores which are filled with liquid silicon dur-
ing infiltration.

3.3. Microstructural analysis

Scanning electron micrographs of the polished sur-
faces of the composites showed homogeneous and very
compact microstructures (Fig. 3). However, it was
recognised that fractures originated from surface near
defects such as silicon islands, microcracks or pores.
Some of these defects are illustrated in Figs. 4 and 5.

Table 4
Density values obtained after compaction, hardening, cracking and infiltration for composites made of UF-SiC powders
SiC-quality/ Resin Compaction Density after Density after Density after Density after Theoretical
grain size content pressure compaction hardening cracking infiltration density
(um) (wt.%) (MPa) (g/em?) (g/em?) (g/em?) (g/em?) (g/em?)
UF-450.22 15 75 1.75 1.68 1.68 2.8940.01 2.93
(59.7%) (57.3%) (57.3%) (98.6£0.3%) (100%)
100 1.79 1.72 1.71 2.8840.01 2.94
(60.9%) (58.5%) (58.2%) (98.0£0.3%) (100%)
125 1.81 1.73 1.73 2.8940.01 2.94
(61.6%) (58.8%) (58.8%) (98.3£0.2%) (100%)
20 75 1.80 1.71 1.69 2.9040.004 2.97
(60.6%) (57.6%) (56.9%) (97.6£0.1%) (100%)
100 1.88 1.79 1.75 2.934+0.02 2.99
(62.9%) (59.9%) (58.5%) (98.0£0.6%) (100%)
125 1.88 1.78 1.75 2.9440.01 2.99
(62.9%) (59.5%) (58.5%) (98.3£0.2%) (100%)
25 75 1.91 1.79 1.75 2.9540.01 3.03
(63.0%) (59.1%) (57.8%) (97.4+0.3%) (100%)
100 1.90 1.78 1.75 2.9540.01 3.03
(62.7%) (58.7%) (57.8%) (97.4£0.3%) (100%)
125 1.91 1.80 1.77 2.8740.03 3.04
(62.8%) (59.4%) (58.2%) (94.4+0.9%) (100%)
UF-150.51 15 75 1.84 1.78 1.76 2.9440.01 2.96
(62.2%) (60.1%) (59.5%) (99.3£0.3%) (100%)
100 1.85 1.79 1.78 2.9540.01 2.97
(62.3%) (60.3%) (59.9%) (99.3£0.2%) (100%)
125 1.89 1.82 1.80 2.9540.005 2.98
(63.4%) (61.1%) (60.4%) (99.0£0.2%) (100%)
20 75 1.93 1.85 1.82 2.9940.005 3.03
(63.7%) (61.1%) (60.6%) (98.7£0.2%) (100%)
100 1.97 1.89 1.88 2.9940.005 3.05
(64.6%) (62.0%) (61.6%) (98.0£0.2%) (100%)
125 1.98 1.90 1.88 3.0140.01 3.05
(64.9%) (62.3%) (61.6%) (98.7£0.3%) (100%)
25 100 2.05 1.96 1.92 3.0840.01 3.11
(65.9%) (63.0%) (61.7%) (99.0£0.3%) (100%)
125 2.06 1.96 1.91 3.08+0.004 3.11
(66.2%) (63.0%) (61.4%) (99.0£0.1%) (100%)
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Fig. 1. Densities as a function of particle size of SiC powder compacted at 100 MPa and a resin content of (a) 15 wt.%, (c) 25 wt.% (data point sizes
represent the standard deviation).
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Fig. 2. Free silicon content as a function of resin content and particle size of SiC powder compacted at (a) 75 MPa, (b) 100 MPa, (c) 125 MPa.
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Table 5
Free silicon content of the SiC—Si composites

Theoretical free silicon content (vol.%)

Free silicon content (vol.%)

Compaction pressure (MPa)

Compaction pressure (MPa)

SiC-quality/grain size Resin content 75 100 125 75 100 125

(m) (Wt.%)

UF-450.22 15 31.5 30.2 29.8 36.4+1.1 37.24£0.9 36.0£0.7
20 27.5 24.8 24.8 34.6+0.5 31.74£2.0 30.740.7
25 20.3 20.5 19.6 29.5£1.0 28.940.7 38.3+3.0

UF-150.51 15 27.6 26.7 25.7 29.94+0.9 29.6+0.8 29.84+0.6
20 20.7 18.3 18.2 25.240.6 24.240.6 22.841.0
25 11.3 11.7 15.2+1.0 14.940.5

RS-07 0.70 15 18.4 18.1 16.5 27.440.5 27.14+0.7 26.34+0.9
20 19.3 18.4 17.5 24.2+0.8 22.14+0.9 23.6£1.5
25 8.1 8.1 8.1 13.14+0.5 12.640.5 11.540.5

Fig. 3. SEM micrograph of the polished surface of the composite
made of 0.22 pm SiC (20 wt.% resin, 100 MPa) illustrating a homo-
geneous microstructure.

Fig. 4. SEM micrograph of the polished surface of the composite made
of 0.51 um SiC (25 wt.% resin, 125 MPa) illustrating a silicon island.

Fig. 5. SEM micrograph of the polished surface of the composite
made of 0.70 pm SiC (20 wt.% resin, 100 MPa) illustrating pores and a
small silicon island.

In the microstructure of composites produced of 0.22
um SiC it was found that after compaction the original
granulate grains sometimes were not completely com-
bined and therefore the reaction area is not filled with
liquid silicon. These defects can be explained by diffi-
culties in processing, e.g. compaction, which lead to a
high frequency of pressing failures. Further reasons are
the low plasticity of the granulate during compaction
and the high grain friction of the UF-SiC powders used.
It is interesting to note that within the UF—-composites
sometimes big pores were found. In some of such pores
needle shaped structures (with a length of 4-5 pm and a
diameter of 0.4 pm) were observed (Fig. 6). Using
WDS-analysis these needles were determined to be SiC
polycrystals. It was assumed that these structures result
from a gaseous phase reaction of CO with silicon or
SiO, respectively, during the infiltration process. These
reactions seem to be possible since the silicidation is
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Fig. 6. SEM micrograph of the fractured surface of the composite made of 0.22 um SiC (75 MPa, 25 wt.% resin). (a) Survey. (b) The fracture
originated from a crack. (c) Inside the crack needle shaped structures were found which were determined to be SiC polycrystals.

carried out at 1520°C in an isolated system. The
required primary products originate from partial eva-
poration (Si) and from secondary reactions of carbon
and silicon with SiO, which is found on the surface of
the SiC grains.

The microstructures of specimens made of 0.51 um o-
SiC contained merely isolated silicon islands. Pores and
silicon filled cracks were found more frequently. These
defects result from problems during the compaction
mainly at low compaction pressures as described before.
During infiltration the arising porosity is filled up with
silicon which is available in surplus. As well as in the
specimens made of 0.22 pm starting-SiC pores and
cracks containing well crystallised SiC structures were
found in these composites (Figs. 7 and 8). Comparing
the size of these failures with the critical defect size
which was calculated using the Griffith failure criter-
ion,” it was assumed that fractures originated from these
defects.

In the composites made of SiC with a starting grain
size of 0.70 pm such needle shaped structures were not
found. If pores were observed, what merely happened in
some cases, they were found in specimens where a com-
paction pressure of 75 MPa was used. In these samples
fractures predominantly originated from silicon islands
(Fig. 9). To some extent these defects included impu-
rities (Fig. 10). EDS-analysis showed that these impu-
rities consist of heavy metal silicides such as titanium or
vanadium. It is well known!! that fractures originate
from such impurities. In addition, the high temperature
behaviour of the SiC-Si composites is negatively influ-
enced especially by low melting silicides. Furthermore,
cracks filled up with silicon can be mentioned as frac-
ture origins, too. In one composite a giant grain was
spotted which possibly took its rise from inhomogene-
ities in the pressing process. Apart from that, the speci-
mens produced of 0.70 pum o-SiC showed a very
homogeneous microstructure.

Fig. 7. SEM micrograph of the fractured surface of the composite
made of 0.51 um SiC (15 wt.%, 75 MPa) illustrating a pore.

Fig. 8. Enlargement of the pore pictured in Fig. 7 illustrating crystals
which were determined to be SiC polycrystals.
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Fig. 9. SEM micrograph of the polished surface of the composite
made of 0.70 um SiC (15 wt.% resin, 100 MPa) illustrating a silicon
island containing impurities.

3.4. Mechanical properties

The mechanical properties of the composites are
summarised in Table 6. The fracture toughness and
mean bending strength are plotted as a function of the
particle size of starting SiC, resin content and compac-
tion pressure and are illustrated in Figs. 11(a)—(c) and
12 (a)~(c). Considering the standard deviation, the
increase of resin content from 15 to 25 wt.% caused an
enhancement in fracture toughness of approximately
20-25%. Due to a high frequency of pressing failures in
the composites made of 0.22 um SiC these specimens
showed the lowest Kj.-values (from 2.4 MPa /m using
15 wt.% resin to 4.1 MPa /m using 25 wt.% resin, both
at a compaction pressure of 75 MPa), the values of the
composites produced of 0.51 and 0.70 um SiC powder
were in the same range (from 3.3 MPa /m using the

Table 6
Description of the mechanical properties of the SiC—Si composites

Counts (x10%)
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p Ti b
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Fig. 10. EDS image of the impurities contained in the silicon island
pictured in Fig. 9.

UF-SiC quality with 15 wt.% resin and a pressure of
100 MPa to 5.4 MPa using the RS-SiC quality with 25
wt.% resin and a pressure of 75 MPa). The higher
amount of free carbon caused an increasing content on
secondary SiC and a reduction of the volume of free
silicon phase in the SiC-Si structure, respectively. It is
well known!!-!3:16 that the weak parts in the SiC-Si
microstructure are the SiC:Si interfaces as well as the
free silicon itself. It is presumed that the decrease of free
silicon content leads to an increase of fracture tough-
ness. The maximum toughness value (5.4 MPa /m) was
obtained using 0.70 pm SiC, 25 wt.% resin and a pres-
sure of 100 MPa. The variation of pressure in the
observed range (75-125 MPa) had just negligible influ-
ence on this mechanical property.

No general statement can be made for bending
strength. The composites produced of SiC with a mean

Fracture toughness (MPa /m)

Mean bending strength (MPa)

Compaction pressure (MPa)

Compaction pressure (MPa)

SiC-quality/grain size Resin content 75 100 12 75 100 125

(hm) (WL.%)

UF-450.22 15 2.44+0.3 2.6+0.4 2.7+0.2 355487 460126 409+80
20 3.3+0.8 3.1+0.2 3.9+0.7 457+92 483489 497471
25 4.1+£1.0 3.84+0.4 2.9+0.4 319+49 339440 335440

UF-150.51 15 34404 3.3+0.3 3.6+0.4 465194 526+108 492+82
20 43104 4.1£0.2 4.6+0.4 646165 447+103 358+77
25 4.1+0.8 4.5+0.8 291429 462161

RS-07 0.70 15 4.1+0.4 4.0+0.4 3.940.3 482489 4354120 655+128
20 4.5+0.6 3.94+0.4 3.740.3 489+77 653+114 538+126
25 5.1£0.9 5.440.6 3.940.5 422440 518439 733+39




M. Wilhelm et al. | Journal of the European Ceramic Society 21 (2001) 981-990 989

(a) 7. (b) 7
é 6 75 MPa compaction pressure é s 100 MPa compaction pressure
@ 1 @ T
o o
= 5 = 5
@ @
o 4 o 4
c c
) )
3 34 S 34
<] o
- <
o 24 o 24
5 ~0~0,22 pm SiC starting grain size 5 —0—0,22 pm SiC starting grain size
E 14 —o—0,51 pm SiC starting grain size ‘g 14 —o—0,51 pm SiC starting grain size
i ——0,70 pm SiC starting grain size el ——0,70 pm SiC starting grain size
0 T r T ) 0 - - : .
10 15 20 25 30 10 15 20 25 30
Resin content [w%)] Resin content [w%]
(©,
é 6 125 MPa compaction pressure
< 6-
o
2 5
n
8 4
c
5
3 3 4
[}
-
o 24
'5 —0~0,22 pm SiC starting grain size
=
g 14 —o—0,51 pm SiC starting grain size
il ——0,70 pm SiC starting grain size

10 15 20 25 30
Resin content [w%]
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particle size of 0.22 um showed the lowest ogsp-values
which were independent on resin content and compaction
pressure, respectively. Within the composites made of
0.51 pm SiC powder the mean bending strength of the
specimens compacted at 75 MPa increased with
increasing resin content to a maximum value of 646
MPa. Further increase of the compaction pressure led
to no improvement of strength. For the compacts with a
SiC starting grain size of 0.70 um no influence of resin
content on bending strength could be recognised. How-
ever, an improvement of this composite property was
reached by increasing the compaction pressure. The
maximum ogsg-value (733 MPa) was obtained for the
specimen with 25 wt.% resin and 125 MPa pressure.

4. Conclusions

In this study three commercial o-SiC powders with a
starting grain size in the range of 0.22-0.70 pm were
used to produce SiC—Si composites with submicron SiC
microstructure. The influence of resin content and com-
paction pressure on the mechanical properties as well as
on microstructure was investigated:

1. Due to the treatment of the used SiC powders with
hydrofluoric acid the extent of SiO, was removed
so that a successful infiltration of the green com-
pacts, especially of those produced of SiC with a
starting grain size of 0.22 um, was possible.

2. Variation of the compaction pressure (75-125
MPa) had no significant influence on the mechan-
ical properties or the microstructure of the com-
posites. However, the higher pressures entailed
difficulties in processing.

3. The mechanical properties of SiC-Si composites
considerably depend on failures in processing
which originate from inhomogeneous distribution
of the granulate, enhanced SiC grain friction,
humidity of the granulate and pressing failures
(silicon islands, pores, ...), respectively.

4. An important quantity seems to be the resin con-
tent which was varied from 15 to 25 wt.% which as
a consequence led to a higher amount of carbon.
On the one hand, improvements in the properties
of this cermet were achieved by increasing the resin
content, e.g. a higher density (3.11 g/cm? after
infiltration), a nearly ideal content of free silicon
(12 vol.%) and an enhancement in fracture tough-
ness to 5.4 MPa /m and in bending strength to
733 MPa, respectively. On the other hand, the more
resin is used for producing the compacts the more
difficult becomes the processing. That is to say, the
resin content has to be optimised in future studies.

5. A homogeneous and compact microstructure was
observed in most specimens. Further investiga-

tions gave rise to the assumption that fractures in
nearly all cases originated from defects near the
surface such as silicon islands, microcracks or pores.
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