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Abstract

A flexible method is presented, which enables the fabrication of porous as well as dense Si;N4/nano-SiC components by using Si3N4 powder and a
preceramic polymer (polycarbosilazane) as alternative ceramic forming binder. The SiCN polymer benefits consolidation as well as shaping of the
green body and partially fills the interstices between the Si;Ny particles. Cross-linking of the precursor at 300 °C increases the mechanical stability
of the green bodies and facilitates near net shape machining. At first, pyrolysis leads to porous ceramic bodies. Finally, subsequent gas pressure
sintering results in dense Si3N4/nano-SiC ceramics. Due to the high ceramic yield of the polycarbosilazane binder, the shrinkage during sintering
is significantly reduced from 20 to 151in.%. Investigations of the sintered ceramics reveal, that the microstructure of the Si;N4 ceramic contains
approx. 6 vol.% nano-scaled SiC segregations, which are located both at the grain boundaries and as inclusions in the Si3Ny grains.

© 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

Silicon nitride ceramics exhibit high mechanical strength
and excellent fracture toughness."»> A further improvement of
the mechanical properties at room as well as at high tem-
peratures is anticipated on Si3N4 materials with nano-scaled
SiC segregations.’>™® These so-called nanocomposite materials,
which Niihara et al. developed two decades ago,? are fabricated
by hot pressing of amorphous SiCN powders. However, the pro-
duction of the amorphous SiCN powders by processes like the
pyrolysis of preceramic polymers,”# CVD,>° SHS!? or plasma
synthesis'! is difficult and complex.

The processing of Si3N4/SiC nanocomposites with beneficial
microstructure and properties can be improved by seeding
of a conventional Si3Ny powder with a smaller amount of
amorphous SiCN powders. During sintering of the Si3Ny, the
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SiCN separates into nanocrystalline SizN4 and SiC. Typically,
the resulting composites consist of elongated, micro-scaled
Si3Ny grains and up to 10 vol.% nano-scaled SiC segregations,
which are located both within the Si3N4 host grains and in
the grain boundary glassy phase.*> These SiC segregations
can act as a reinforcing phase, which increases the bending
strength, the fracture toughness and the creep behaviour at high
temperatures,>>!1112

Another way of fabricating Si3N4/SiC nanocomposites is the
mixing of crystalline SizNy4 and SiC nanopowders. However, the
homogeneous dispersion of the submicron powders is difficult,
and severe agglomeration problems are observed frequently.'>!3
Furthermore, due to the strong crystal growth during sinter-
ing, these nanocomposites show a coarser microstructure in
comparison to the Si3N4/SiC materials seeded with amorphous
SiCN.!213 These effects usually decrease the mechanical prop-
erties of the composites.!>13

The main intent of previous investigations on SizN4/SiC com-
posites was to improve the room as well as high temperature
properties of the SizN4 ceramic. However, for both the con-
ventional SizN4 and the Si3N4/SiC nanocomposite materials,
the debinding effort and the high shrinkage during sintering are
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Table 1

Elemental composition of the pure polycarbosilazane ABSE and the resulting ceramic material after pyrolysis and gas pressure sintering.

Heat treatment Empirical formula Crystalline phases Free carbon content (mol%) Ceramic yield (wt.%) Density (g/cm3)
Polymer state SiNC,Hg - - 1.1
1000 °C/0.1 MPa N, SiNp.9C1.500.25Ho.1 - 72 2.4
1800 °C/1 MPa N, SiN.08C0.9500.01 B-SiC 56 3.2

major problems and make the fabrication extensive and difficult,
especially for large ceramic components.

The intention of this work was to develop a processing
method, which not only allows the fabrication of SizN4/SiC
nano-composites, but also offers the potential to improve the
manufacturing of ceramic components in an industrial scale.
The combination of a SizN4 powder with a polycarbosilazane
instead of an organic binder should be a suitable method to
realize these aims. The SizN4 powder particles can be coated
homogenously with the preceramic polymer by industrial appli-
cable processes like fluidized bed granulation. In comparison
to the use of the amorphous SiCN powders prepared from
the precursor an extensive processing like separate pyrolysis,
milling, sieving, and mixing with the SizN4 powder is not
necessary. Additionally, the alternative ceramic forming binder
benefits both the consolidation and shaping, which is also an
advantage over the conventional powder technologies for the
processing of SizNy ceramics. Subsequent pyrolysis of the
polycarbosilazane binder leads to an amorphous SiCN phase,
which partially fills the interstices between the SizNy parti-
cles and reduces the porosity in the resulting porous ceramic
bodies.'*!> During sintering, the homogeneously distributed
SiCN phase should lead to the formation of nano-scaled SiC
segregations within the Si3Ny ceramic. To identify and localize
these nano-segregations and to characterize the microstructure
as well as the chemical composition of the sintered ceram-
ics comprehensive investigations are necessary. The formation
of the SiCN ceramic from the polycarbosilazane binder offers
also the potential to reduce the sinter shrinkage of the SizNy
ceramic. Therefore, the influence of the SiCN binder on the
shrinkage and the porosity after pyrolysis and gas pressure
sintering is studied. Investigations of the green bodies, machin-
ability tests and the manufacturing of prototypes should indicate,
whether the Si3N4 powder/SiCN precursor method is suit-
able for the industrial fabrication of complex shaped SizN4
components.

2. Experimental

The polycarbosilazane ABSE (ammonolysed
bis(dichloromethylsilyl)ethane) is synthesized in toluene
as described elsewhere for silazanes.'®!” The synthesis yield
of the colourless, meltable and soluble precursor is approx.
75 wt.%. Table 1 shows that the ceramization of the pre-
cursor at 1000°C (N, atmosphere) results in an amorphous
SiCN-ceramic (ceramic yield 72 wt.%). At temperatures above
1400 °C, the SiCN at first crystallizes to the thermodynamically
stable phases SizNy, SiC and free carbon.!® At slightly higher
temperatures,'® the decomposition of the Si3Ny and the

simultaneous reaction with the free carbon phase according to
equation 1 occurs, leading to SiC. After sintering at 1800 °C,
mainly crystalline 3-SiC has been formed with a ceramic yield
of 56 wt.%.

Si3Ny(s) + 3C(s) — 3SiC(s) + 2Na(g) ey

As powder component, SizN4 with a mean particles size (dsq)
of 650 nm and a specific surface area of 7 m?/g was used, which
already contains 10 wt.% of rare earth and transition metal oxide
additives necessary for the liquid phase sintering.

The processing of the ceramic components started with the
fabrication of the Si3N4 powder/polycarbosilazane precursor
mixture by a granulation process described elsewhere.?%2! The
precursor forms an homogeneous coating on the SizN4 powder
as well as connects the powder particles with each other. The
resulting pourable and non-dusting granulate exhibit a mean
granule particle size (dsg) of approx. 70 wm and a composi-
tion of 80 wt.% Si3N4 powder with 20 wt.% polycarbosilazane
(42.2vol.%).

Subsequently, the Si3Ngs/polycarbosilazane granulates were
consolidated by uniaxial pressing at 140 MPa to discoidal speci-
mens with 30 mm in diameter and a thickness from 12 to 14 mm.
The specimens were thermally crosslinked in a tube furnace at
300 °C (RO 10/100, Heraeus, Hanau, Germany) under contin-
uous nitrogen gas flow (200 cm3/min). After ceramization of
the precursor binder at 1000°C (N3 atm.), subsequent liquid
phase sintering was accomplished in a gas pressure sinter fur-
nace (FPW 7038, FCT Systeme GmbH, Rauenstein, Germany).
To inhibit the thermal decomposition of silicon nitride and to
facilitate densification, between 1700 and 1800 °C the nitrogen
pressure is raised from 0.2 to 1 MPa.

Dimensional changes and mass losses of the specimens were
measured after pyrolysis and gas pressure sintering. From this
data, bulk density and shrinkage of the samples were calculated.
Specimens powdered with a vibration cup mill (pulverisette 9,
Fritzsch GmbH, Idar-Oberstein, Germany) were used for the
determination of the skeletal density by Helium pycnometry
(Accu Pyc II 1340, Micromeritics Instrument Corp., Norcross,
GA, USA). From the difference between the skeletal and the
bulk density data, the porosity of the specimens after pressing,
pyrolysis and gas pressure sintering was calculated.

The elemental composition of the powdered samples was
analyzed at the Pascher Microanalytical Laboratory (Rema-
gen, Germany). The phase composition was investigated with
a Philips Xpert X-ray diffractometer (Co anode). Raman
spectroscopy measurements were performed with a BX 41 spec-
trometer (Olympus GmbH, Hamburg, Germany), operating with
a HeNe laser (wavelength 632.8 nm) and a beam of 150 um in
diameter.
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Table 2
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Properties of the Si3N4 powder/polycarbosilazane derived materials after pressing, pyrolysis and gas pressure sintering.

Thermal treatment Uniaxial pressed (RT)

Pyrolyzed (1000 °C) Gas pressure sintered (1800 °C)

Mass loss (wt.%) -
2.33

Skeletal density (g/cm?)
Bulk density (g/cm?) 1.98
Porosity (%)

14.9
Linear shrinkage (lin.%) -

5.6 9.1
2.88 3.23
2.01 3.10
34.0 4.0
2.5 16

The sintered SizNs—polycarbosilazane based ceramic was
investigated with scanning electron microscopy (SEM, 1540EsB
Cross Beam, Carl Zeiss Nano Technology Systems (NTS)
GmbH, Oberkochen, Germany) and energy dispersive X-ray
analysis (SEM-EDX, Thermo Noran System Six, Thermo
Fisher Scientific Inc., Waltham, MA, USA). A lamella of
10 pm x 10 wm and a thickness of approx. 150 nm was pre-
pared within the scanning electron microscope using the focused
ion beam (FIB) technique for microstructural characterization
in the transmission electron microscope (TEM). The distinction
between SizNy and SiC was performed through a Scanning-
TEM (STEM) and a high angle annular dark field (HAADF)
detector enabling Z-contrast sensitive imaging (TEM, Libra 200
FE with corrected in-column omega-energy filter, Carl Zeiss
NTS GmbH, Oberkochen, Germany), energy dispersive X-ray
analysis (TEM-EDS), electron energy loss spectroscopy (TEM-
EELS) and energy filtered TEM (EFTEM).

3. Results and discussion
3.1. Pyrolysis and sintering properties

The properties of the SizNg powder/polycarbosilazane
derived specimens after pressing, pyrolysis and gas pressure sin-
tering are listed in Table 2. After pressing, the polycarbosilazane
polymer partially fills the pores between the Si3N4 powder par-
ticles and results in a residual porosity of 14.9%.

The subsequent heat treatment (1000 °C, N> atm.) converts
the polycarbosilazane binder into an amorphous SiCN ceramic,
which remains in the material. Both the density increase and
the mass loss of the polycarbosilazane during ceramization
(Table 1) cause the shrinkage of the polymer derived ceramic.
This behaviour leads also to an increase in porosity of the
Si3N4/SiCN specimens, whereas the shrinkage of the compact
during pyrolysis is only (2.5 lin.%) due to the dimensional stabil-
ity of the ceramic powder. However, the polymer derived SiCN
ceramic is able to bond the Si3Ny particles with each other.

Table 3

In contrast to SizN4 components fabricated with conventional
acrylic resin binder, the pyrolyzed SizN4/SiCN ceramic offers
a remarkable bending strength of approx. 80 MPa after thermal
treatment at 1000 °C.2°

Gas pressure sintering of the porous components leads to
nearly dense Si3zNy ceramic bodies. The skeletal density of
the ceramic specimens increases to 3.2 g/cm?, which is in
accordance with the theoretical density for (3-Si3N4 and SiC,
respectively. During sintering, the shrinkage of the Si3sNy4 pow-
der/polycarbosilazane derived ceramic rises to 161in.% with a
residual closed porosity of 4%. The reduced shrinkage indicates,
that the precursor derived ceramic was partially incorporated in
the sintered Si3Ny4 ceramic. However, a mass loss of 3.5 wt.%
during sintering denotes further decomposition. To explain
the reactions during sintering and to discuss the decomposi-
tion behaviour investigations of the chemical composition are
required.

3.2. Chemical composition

The measured and the calculated results of the chemical com-
position of the samples after pressing as well as sintering are
summarized in Table 3. The calculations are based on the pre-
cursor data (see Table 1) and the fact, that during sintering of
the Si3Ny, usually a mass loss of 2 wt.% due to the evaporation
of gaseous SiO occurs.

The measured and the calculated data are in a good agree-
ment for the green bodies. Only the oxygen content is slightly
higher than calculated (+1.1 wt.%), whereas the nitrogen con-
centration in the specimen is lower (—1.3 wt.%). This result can
be attributed to the handling and processing of the moisture
sensitive polycarbosilazane precursor in air.>>23

For the sintered ceramic, the comparison between the mea-
surement and the calculated data shows higher contents of
nitrogen and sinter additives than expected, but lower concentra-
tions of the elements Si, O and C than calculated (see Table 3).

Elemental composition of Si3N4 +20 wt.% ABSE in the initial state and after gas pressure sintering. Comparison between the calculated and the measured elemental

compositions.

Thermal treatment Data source

Elemental composition (wt.%)

Si N C (0] H Sinter additives
Initial state (green body) Calculated 51.1 31.5 6.7 1.0 1.7 8.0
Measured 51.1 30.2 6.9 2.1 1.6 8.1
1800 °C/1 MPa Ny Calculated 56.2 30.2 4.1 1.2 - 8.5
Measured 54.2 343 1.8 0.1 - 9.6
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This behaviour can be explained by decomposition reactions,
which take place at temperatures above 1400 °C. In contrast to
Si3Ny ceramics which are fabricated with conventional binders,
the polycarbosilazane binder based material contains a high con-
tent of fine distributed free carbon even after pyrolysis. This
carbon can react not only with the Si3Ny (Eq. (1)), but also with
the SiO», present as an impurity in the polymer derived ceramic
as well as in the silicon nitride powder (Egs. (2) and (3)). As a
result the SiO, content in the glassy phase during liquid phase
sintering is reduced due to the evaporation of gaseous SiO,*8
and the carbon content decreases because of the formation of
gaseous CO.>* These gases leave the material or lead to the
formation of pores during sintering.

SiO,(s, 1) + C(s) — SiO(g) + 2CO(g) )
SiO(g) + 2C(s) — SiC(s) + CO(g) 3)

Beyond the described reactions it has to be considered, that
during gas pressure sintering, a nitrogen pressure up to 1 MPa
is applied to the ceramic to inhibit the thermal decomposition
of silicon nitride and to facilitate the densification. Len&és?*
and Kroke et al.?> described further reactions between the free
carbon content, gaseous products like SiO and CO and the nitro-
gen atmosphere in the furnace. According to the thermodynamic
calculations by Kroke et al.?> the following reactions should be
considered under the specific sinter conditions:

25i0(g) + C(s) + Na(g) — SizaN20(s) + CO(g) 4
28i0(g) + 2CO(g) + Na(g) — SizxN20(s) + 2C0Ox(g) (5)
38i0(g) + 3C(s) + 2Na(g) — SisNa(s) + 3CO(g) 6)

In summary, during gas pressure sintering, two types of reac-
tions lead to the consumption of the free carbon content. First,
the reactions (Egs. (2)—(6)) cause formation of volatile CO. This
statement is in accordance with the significant loss of carbon,
oxygen and silicon (SiO formation, Eq. (2), see also Table 3).
Second, due to the reaction of Si3N4 (Eq. (1)) and volatile SiO
(Eq. (3)) with free carbon, the formation of crystalline SiC
is obvious. This result is also reported by van Dijen et al.?
The authors describe, that during sintering of carbon containing
Si3Ny, the carbon forms crystalline SiC or leaves the material
as volatile CO.

For that reason it is of great interest, to bond the carbon
as refractory silicon carbide and to distribute the formed SiC
particles homogeneously within the sintered Si3N4 ceramic.

3.3. Crystalline phases and microstructure

The sintered SizN4/polycarbosilazane based ceramic exhibits
a microstructure of elongated Si3Ny grains (Iength up to 8 wm)
embedded in grain boundary glassy phase, which is typical for
SizNy ceramics (Fig. 1). Additionally, submicron grains with
hexagonal or globular shape are located between the large crys-
tals. However, due to the similar elemental contrast of Si3N4 and
SiC and the limited resolution of the SEM-EDX system (1 pm
in diameter), a distinction between submicron SizN4 and SiC
crystals by SEM analysis is not possible.
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Fig. 2. X-ray analysis of gas pressure sintered Si3N4 +20 wt.% ABSE.

Therefore, the phase composition of the sintered ceramic was
investigated with X-ray and Raman spectroscopy. The X-ray
spectrum in Fig. 2 shows only signals for crystalline 3-SizNy,
but no reflexes for the formation of crystalline SiC were detected.

In contrast to the X-ray analysis, Raman spectroscopy mea-
surements indicate the formation of crystalline SiC (Fig. 3). In

4+ SigNg band
+ #  SiC band
: o free C band

o
SiN, + 20 Wt.% ABSE |

SizN, Reference

3C-SiC Reference
— e ——

400 600 800 1000 1200 1400 1600
Raman shift (cm™)
Fig. 3. Raman spectrum of gas pressure sintered SizNg +20wt.% ABSE in

comparison to spectra of Si3Ny fabricated with conventional acrylic resin binder
and polycarbosilane SMP-10 derived SiC (1800 °C, vacuum).
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order to identify SizN4, SiC and carbon phases, two reference
materials were used. The first reference is a gas pressure sintered
Si3Ny ceramic fabricated by using a conventional acrylic resin
binder. Polymer derived SiC ceramic, synthesized by pyrolysis
and crystallization (1800 °C, vacuum) of the polycarbosilane
SMP-10 (Starfire Corp., Malta, NY, USA) acts as the second
reference.

The spectrum of the Si3N4/polycarbosilazane based ceramic
shows signals at Raman shifts of 450, 612, 729, 864, 927, 937
and 1045 cm™!, which can be related to crystalline B-Si3N4,27
and two signals for the hexagonal 3C-SiC phase at 798 and
802 cm~!. However, the signal at 966 cm~!, which is also typi-
cal for crystalline SiC,28 could not be detected. This result is in
accordance with the results of Zemanova et al.® They also report
about the missing Raman signal for a sintered SiCN ceramic fab-
ricated from the polysilazane Ceraset (Kion Corp.). In contrast
to the SMP-10 derived SiC reference, no signal for free carbon
was observed for the sintered precursor/powder based ceramic.

Due to the controversial results of the X-ray and the Raman
spectroscopy analysis a detailed TEM investigation should pro-
vide for information about the nature of the formed SiC species.
Fig. 4 shows submicron crystals within the microstructure of the
Si3Ny/polycarbosilazane based ceramic, which were identified
as SiC (marked with green colour) by TEM-EDX investiga-
tions. These crystals are located both as segregations embedded
in the glassy phase (Inter-SiC) and as randomly distributed

Si3N4 host grain
p
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Fig. 4. STEM micrograph of gas pressure sintered SizN4+20wt.% ABSE
(Si3Ny grains: dark grey, SiC-inclusions: green coloured, grain boundary/glassy
phase: white). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

inclusions in the elongated Si3Ny grains (Intra-SiC). An exami-
nation of several TEM images revealed, that the Inter-SiC grains
exhibit a median diameter of 50—700 nm, whereas the Intra-SiC
inclusions in the SizNy4 crystals are much smaller in diameter
(20-200 nm).

= (1) SiC inclusion
—(2) Si3N4 host grain

C-K edge onset

Intensity (a.u.)

240 260 280 300 320 340
Energy loss (eV)

Fig. 5. TEM-EELS-EDX analysis of sintered Si3N4 +20 wt.% ABSE: bright (a) and dark field TEM micrograph (b) of a SizNy host crystal with nano-SiC inclusions
(Intra-SiC) and the corresponding EELS carbon mapping (c) and EELS point measurement spectra (d).
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Si3N4/SiC nanocomposites with very similar microstruc-
tures were also reported by Sajgalik et al.* and Len&é3.?*
They used a mixture of conventional SizN4 powder with
10-20 wt.% prepyrolyzed SiCN, which was hot pressed or gas
pressure sintered. In good accordance with our results, they
obtained Intra-SiC segregations of 10-250 nm embedded in the
elongated SizNy grains and 50-600 nm Inter-SiC crystals in the
glassy phase.

The bright and the dark field TEM images in Fig. 5a and b
allow for a detailed study of the Intra-SiC inclusions in the SizNy
grains. The corresponding elemental mapping (Fig. 5c¢) using
EFTEM of the C-K edge reveals, that the inclusions (1) contain
a higher carbon concentration than the surrounding SizNy4 host
grain (2). This result is in accordance with the electron energy
loss spectra (Fig. 5d) acquired on the particle (1) from Fig. 5a,
clearly showing the appearance of the C-K absorption edge with
edge onset at an energy loss at 285 eV. In contrast, for the SizNy
host grain, the C-K absorption edge is of considerably lower
contrast which is attributed to the thin carbon sputter layer on
top of the lamella and the thin carbon film of the TEM-grid.

The TEM investigations clearly indicate that the residual car-
bon content in the Si3N4 ceramic is bonded as crystalline SiC.
The reason for the controversial results of the XRD measure-
ment (Fig. 2) is probably the low volume content and the small
size of the SiC crystals.

Based on the measured carbon concentration in the sintered
specimen (1.8 wt.%, Table 3), the content of crystalline SiC in
the Si3Ny ceramic can be calculated to 6.0% SiC (both wt.% or
vol.%). Compared to the theoretical amount of 13.7% SiC, which
was calculated from the theoretical carbon content (4.1 wt.%,
Table 3), the loss of carbon during sintering is approx. 65 wt.%.
This carbon loss is in accordance with investigations of Riedel
et al.® They reported, that polycarbosilazane based, sintered
SiCN contains only 10% of crystalline SiC instead of the calcu-
lated 22%. Similar results were published by Sajgalik et al.*>
After gas pressure sintering of 80wt.% SizN4 with 20 wt.%
prepyrolyzed SiCN powder, only 5.5% crystalline SiC segre-
gations were detected.

3.4. Fabrication of prototypes

To investigate the producibility of ceramic components
with industrial equipment, thermocouple sheath tube prototypes
with 30mm in diameter and a length of 180 mm were fab-
ricated by cold isostatic pressing (CIP) at 140 MPa by using
the polycarbosilazane coated Si3N4 powder. After crosslinking
at 300 °C, machining tests of green bodies (turning, drilling
of holes, cutting in segments) were performed to investigate,
whether complex designed components can be realized with the
SizNy/polycarbosilazane method. The machined tube segments
were pyrolyzed at 1000 °C and subsequent gas pressure sintered
at 1800 °C in 1 MPa nitrogen atmosphere.

The sintered thermocouple sheath tube segment in Fig. 6
demonstrates the manufacturing of complex shaped compo-
nents by the described processing method. In comparison to the
standard liquid phase sintered Si3zN4, for which a conventional
acrylic resin binder was used (shrinkage 201in.%), the linear

Fig. 6. Cold isostatically pressed, SizsN4 +20 wt.% ABSE derived component
after crosslinking, green machining (turning, drilling of holes), ceramization and
subsequent gas pressure sintering (1800 °C, 1 MPa N, atm).

Table 4

Influence of the binder system on the properties of gas pressure sintered
SizN4(/SiC) (compaction: CIP, 140 MPa, gas pressure sintered at 1800 °C,
1 MPa N; atm).

Binder system Acrylic resin Polycarbosilazane
Original binder content (wt.%) 5 20

Total mass loss (wt.%) 7.0 8.8

Skeletal density (g/cm?) 3.23 3.23

Bulk density (g/cm?) 3.20 321

Porosity (%) 0.9 0.5

Linear shrinkage (lin.%) 20 15

sinter shrinkage can be reduced to 151in.% and the residual
porosity to 0.5% (Table 4). The reduced sinter shrinkage can
be explained by the high ceramic yield (56 wt.% after sintering,
Table 1) of the polycarbosilazane binder, which partially fills
up the interstices between the powder particles and reduces
the porosity in the preforms (also reported by Schwartz,
McGinn et al.'*!3). During sintering, the precursor derived
ceramic is incorporated in the Si3N4 and reduces the volume
shrinkage of the components. In contrast to the uniaxial pressed
green bodies (Section 3.1) with a high residual porosity after
pressing (14.9%), the cold isostatic pressing (CIP) improves the
compaction of the powder/polycarbosilazane based granulate
significantly (porosity after pressing only 10.5%).

The reduced sinter shrinkage offers significant advantages for
the fabrication of ceramic components. For example, it allows a
reducing of the oversize of the green parts, which is necessary
to compensate the volume shrinkage during sintering. Conse-
quently, approx. 20% more components can be placed in the
furnace during a sintering cycle. Furthermore, due to smaller tol-
erances of the sintered components, a reduced hard machining
effort can be achieved.

4. Conclusion
Si3N4 powder particles were coated homogeneously with

a polycarbosilazane by industrial applicable processes like
fluidized bed granulation. The resulting granulate was used
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for the manufacturing of complex shaped components with
industrial equipment. The preceramic polymer acts as an alter-
native ceramic forming binder, which benefits consolidation
and shaping of the ceramic powder. In a first step pyrolysis at
1000 °C leads to porous Si3N4/SiCN ceramics. Due to the high
ceramic yield, the polymer derived ceramic partially fills the
interstices between the Si3Ny particles and reduces the porosity
in the components. Subsequent gas pressure sintering yielded
dense Si3Ny4 ceramics with a nano-scaled SiC content of approx.
6vol.% derived from the polycarbosilazane. Investigations
on the microstructure reveal, that the SiC is located both as
segregations in the grain boundaries (Inter-SiC) and as nano-
inclusions in the SizN4 grains (Intra-SiC). However, further
investigations are necessary to study the influence of the SiC
segregations on the mechanical strength, the fracture toughness
and the creep behaviour of the silicon nitride ceramic.

The producibility of components was investigated by fab-
ricating thermocouple sheath tube prototypes with industrial
equipment. Tooling tests demonstrated the near-net-shape man-
ufacturing of complex shaped components. The ceramic nature
of the polycarbosilazane binder after pyrolysis led also to a
reduced shrinkage of the components during gas pressure sin-
tering from 20 to 15 lin.%. Therefore, a reduced hard machining
effort and saved space in the sinter furnaces can be achieved.
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