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Abstract
Nano-crystalline boron doped silicon carbonitrides were produced from polymers with the chemical composition (B[C2 H4 –Si(CH3 )NH]3 )n and
investigated for their high temperature mechanical properties. Compression creep experiments in the temperature regime of 1350–1500 ◦ C, coupled
with constant loads between 25 MPa and 150 MPa were carried out in atmospheric ambience. Electron microscopic studies indicated oxidation
induced secondary and tertiary stages of creep behavior for the first time which was not reported for these classes of ceramics earlier. Extensive
oxidation with temperature and time progressively transformed the highly covalent non-oxidic microstructure to that of a low viscous oxidic one,
albeit high creep resistance exhibited by these materials at extreme conditions of creep.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction
Polymer derived boron doped silicon carbonitrides (referred
to hereafter as Si–B–C–N ceramics) have been investigated in
recent years as they have exhibited extraordinary properties
at elevated temperatures. Excellent thermal stability, chemical stability and creep resistance of these materials have been
reported in literature [1–7]. Extensive high temperature deformation studies by compression creep of amorphous ceramics
in the Si–B–C–N system indicated high creep resistance (with
very high viscosity values to the order of ∼1016 Pa s) at temperatures in the range of 1500 ◦ C [3,4,7,8]. Heat-treatment of these
thermodynamically metastable ceramics at higher temperatures
between 1800 ◦ C and 1900 ◦ C produces nano-crystalline structures consisting of stable phases of SiC and Si3 N4 dispersed
in a BNC matrix [9] and high temperature deformation studies
of these ceramics have also exhibited interesting potential with
respect to their creep resistance [10–12].
However, compression creep experiments on Si–B–C–N
ceramics obtained from boron modified poly(vinyl)silazanes
with chemical compositions of (B[C2 H4 –Si(CH3 )NH]3 )n and
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(B[C2 H4 –Si(H)NH]3 )n , referred to as T2-1 derived materials and MW-33 derived materials, respectively, have always
shown a single-stage primary creep in the amorphous as well
as crystalline state in atmospheric ambience [4,11,12]. Extensive creep studies in compression in the temperature range of
1350–1500 ◦ C and at loads varying from 5 MPa to 300 MPa for
amorphous Si–B–C–N was characterized by only decreasing
strain rates for nearly 300 h of testing time [4]. Compression
creep experiments on crystalline T2-1 derived materials (heattreated at 1900 ◦ C for 3 h in 1 MPa N2 atmosphere) indicated
only primary stage of creep during the entire creep time for all
loads and temperature combinations [11]. In the crystalline state,
several samples of annealed MW-33 derived ceramics heattreated at 1800 ◦ C for various holding times and N2 atmosphere
also showed only an extended primary creep during 300 h of
creep testing [12]. The strain rates of such annealed Si–B–C–N
ceramics exhibited very low strain rates in the range of 10−9 s−1
at the end of 300 h of creep [11,12].
Interestingly, compression creep studies of amorphous
Si–C–N (Si1.7 C1.0 N1.5 ) and Si–B–C–N (Si2 B1.0 C3.4 N2.3 )
exhibiting a three stage creep behavior in less than 15 ks of testing time have been reported earlier [3,13]. The authors reported
that the creep rate declined as a result of densification (stage I),
followed by a steady state referred to as stage II. Stage III was
characterized by further decrease in strain rates, which continued
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below the limit of the measuring system. In the present investigation, results obtained from compression creep experiments on
T2-1 derived materials heat-treated at 1800 ◦ C for 3 h in 1 MPa
N2 atmosphere—showed a distinct three stage creep behavior
(characterized by increasing strain rates during the last stage of
creep) which was not observed earlier. In this paper, the reasons
for such an anomalous behavior exhibited by these materials are
elucidated. The emphasis is laid on the influence of the initial
processing conditions—specifically the selection of the polymer
particle size distribution on the resultant microstructure of the
ceramics and henceforth on the high temperature mechanical
properties of these ceramic materials.

was performed with a water cooled Gatan 1024 × 1024 slow
scan CCD camera with the Gatan software digital micrograph
2.5. Electron spectroscopic imaging was performed using the
three-window method (Edgerton; two for the background and
one to acquire the chosen element signal).
2.3. Mechanical testing

2. Experimental

For compression creep experiments, a test frame from
Zwick was used to investigate in the temperature regime of
1350–1500 ◦ C, with constant compressive loads varying from
5 MPa to 150 MPa. The experiments were carried out in atmospheric ambience. Details of the compression creep set-up can
be found in an earlier publication [11].

2.1. Processing

3. Results

Si–B–C–N ceramics were synthesized from the polymer precursor with the chemical composition (B[C2 H4 Si(CH3 )NH]3 )n .
The details of the processing of the polymer precursor can be
found elsewhere [9]. The precursor polymer lumps were milled
in argon using a tungsten carbide ball mill and sieved into various size fractions. Polymer particles in the size range 80–160 m
were separated and compacted in a graphite die at 48 MPa uniaxial pressure in the temperature range 250–340 ◦ C. The warm
pressing temperature needed to be optimized to get dense green
bodies, which is dependent on the size of the polymer particles. Solid state thermolysis of the precursors to amorphous
ceramics and optimization procedures have been reported earlier [9]. The amorphous Si–B–C–N ceramics were then annealed
in a high temperature furnace (FCT, Germany) at a temperature of 1800 ◦ C for 3 h in a nitrogen atmosphere of 1 MPa,
transforming the material to a crystalline state. The chemical composition of the crystalline material is Si2.7 B1.0 C4.7 N2.1
which was empirically formulated from the results obtained by
chemical analyses carried out using several spectroscopic techniques. The bulk density measurements of amorphous and their
crystalline Si–B–C–N ceramics were performed by displacement measurements in mercury and a value of 1.9 g/cm3 was
determined for the latter.

3.1. High temperature mechanical behavior

2.2. X-ray diffraction and electron microscopy
The slow scan X-ray diffraction (XRD) of the material under
investigation was carried out and the spectrum was recorded
using a Siemens D5000 refractometer. Scanning electron microscopic (SEM) studies on crystallized Si–B–C–N ceramics before
and after creep were carried out using a field emission microscope Zeiss DSM 982 GEMINI coupled with an EDX system
(Oxford/Link ISIS 300) with a Germanium detector. All the
samples were given a ∼1.8 nm thick Pt–Pd coating before
observation. Energy filtering transmission electron microscopy
(EFTEM) was carried out using a Zeiss EM 912  microscope
(with LaB6 cathode operating at 120 kV) microscope which is
specially designed to image the microstructure or the diffraction
patterns of the sample with electrons which have lost a certain
amount of energy. For elemental mapping the data acquisition

3.1.1. Stress dependence of deformation
Isothermal compression creep experiments were carried out
on nano-crystalline T2-1 derived materials at 1400 ◦ C coupled
with various loads from 5 MPa to 150 MPa to establish the stress
dependence of deformation. The maximum deformation experienced by the material at 1400 ◦ C/100 MPa after 100 h is 1.3%
(Fig. 1(a)). At 150 MPa the sample failed after a duration of
47.5 h and the strain to failure recorded is around ∼1.0%. In
Fig. 1(b), the deformation rates are plotted as a function of time
for different loads. At all loads, primary creep is observed up
to 105 s and above this time the strain rate become constant and
increases again. A distinct dependence of the strain rate on the
load is not observed at 75 MPa, 100 MPa and 150 MPa, although
a slight load dependence of the minimum creep rate is observed.
The minimum creep rates achieved were around 3 × 10−10 s−1
at 5 MPa, 5 × 10−9 s−1 at 50 MPa, 1.1 × 10−8 s−1 at 75 MPa and
1.4 × 10−8 s−1 for 100 MPa and 150 MPa.
By increasing the creep temperature by 100 ◦ C and the duration of creep by 100 h it was possible to establish the role of
temperature on this anomalous behavior of increase in strain
rates exhibited by this material. The deformation rates at 1500 ◦ C
are plotted as a function of time in Fig. 2 for various compressive
loads between 25 MPa and 100 MPa. As compared to the results
at 1400 ◦ C, although the primary creep is not so load dependent at the beginning, beyond 104 s the curves start to show load
dependence. A distinct dependence of the minimum strain rates
at all applied loads was observed. The primary creep regime is
also shortened with increasing load. None of the samples failed
during 200 h of creep time in the load regime tested. The minimum strain rates achieved between 25 MPa and 100 MPa are
3.9 × 10−9 s−1 to 2.3 × 10−8 s−1 . An extended primary stage
with decreasing strain rates, a short steady state and a distinct
tertiary stage with increasing strain rates was exhibited by these
materials at both creep temperatures and loads investigated.
3.1.2. Temperature dependence of deformation
A strong temperature dependence of the deformation and
henceforth also of the deformation rate is observed for the
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Fig. 1. (a) Deformation as a function of time for various loads at a temperature
of 1400 ◦ C recorded for the nano-crystalline T2-1 derived material. (b) Creep
rates as a function of time in the load regime of 5–150 MPa during a creep time
of 100 h.

nano-crystalline T2-1 derived materials. Compression creep
experiments at an iso-stress condition of 50 MPa and three different test temperatures establish the temperature dependence
of deformation. The deformation of the material at the lowest

Fig. 2. Deformation rate of nano-crystalline T2-1 derived material as a function
of time for various compressive loads between 25 MPa and 100 MPa during isothermal tests at 1500 ◦ C for a creep time of 200 h for showing three stages of
creep distinctly.
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Fig. 3. (a) Creep strain corresponding to three different test temperatures
(1350 ◦ C, 1400 ◦ C and 1500 ◦ C) under an iso-stress condition of 50 MPa. (b)
Creep rates as a function of time in the temperature regime 1350–1500 ◦ C carried out at 50 MPa load showing strong temperature dependence of the creep
rates for the T2-1 derived materials.

creep temperature tested (1350 ◦ C) is ∼0.3% and at the highest
temperature (1500 ◦ C), the accumulated viscous strain is ∼1.5%
after 100 h (Fig. 3(a)). The deformation rates behave different
with increasing temperatures as a function of time. This can be
clearly seen in Fig. 3(b) where the strain rate curves show diverging trends. At 1350 ◦ C, there is a continuous decrease in the creep
rate at all times indicating rising creep resistance—indicative of
the existence of only a transient stage. At 1400 ◦ C, the deformation rate curve exhibits a long primary creep region, with an order
of magnitude increase in the creep resistance in the time frame
tested. At around 105 s, an asymptotic approach to a minimum
strain rate is observed. With the increase in the test temperature to 1500 ◦ C, the primary creep is shortened and the strain
rates become constant between 1 × 105 s and 2 × 105 s. Beyond
2 × 105 s, the creep rate increases again and the curve clearly
shows an upward trend. Constant strain rates, with values of
5 × 10−9 s−1 and 2.4 × 10−8 s−1 are observed at temperatures
of 1400 ◦ C and 1500 ◦ C, respectively. It is obvious that the strain
rates reach a constant value for only a short time and increase
with increasing temperatures.
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Fig. 4. Slow scan XRD spectra for the nano-crystalline T2-1 derived material
annealed at 1800 ◦ C/3 h/1 MPa N2 . The Bragg reflections correspond to SiC and
Si3 N4 nano-crystallites.

3.2. Material characterization
3.2.1. Prior-to-creep and post-creep structural features
The structural features of the material under investigation
are presented here from results obtained via XRD and EFTEM.
The Bragg reflections in the XRD spectra correspond to SiC
and Si3 N4 as seen in Fig. 4. By carrying out a slow scan, the
XRD spectra of the T2-1 derived material shows a broad peak
(hump) at low 2θ values (2θ = 10–25◦ ) which is an indication of
a substantial amount of residual amorphous phase still present

in the material. However, quantification of the residual amorphous phase was not possible owing to the complex nature of
these materials. The bright field image (BF) in Fig. 5 indicates the formation of crystallites of SiC and Si3 N4 which is
in accordance with the results of XRD. In the elemental maps
(as observed in Fig. 5), the bright areas and dark areas show
the presence and absence of a particular element. The grains
appear dark and the surrounding matrix phase appears lighter
in the bright field images, and it is just vice versa in the low
loss images. With the help of the elemental maps of Si, B, C
and N, it is possible to identify the crystallites of SiC and Si3 N4
unambiguously. The average size of the crystallites is found to
be around 30–50 nm. They are dispersed in a matrix of boron,
nitrogen and carbon (B–C–N matrix) which is amorphous. The
structural characterization of crystallized Si–B–C–N ceramic
samples indicated that the resulting nano-structure is dependent
on the actual annealing conditions. The annealing temperature,
holding time and nitrogen pressure control the size, distribution and morphology of the crystallites formed in situ in the
matrix [9,12]. A detailed report on the structural characterization of prior-to-creep nano-crystalline T2-1 derived materials by
transmission electron microscopy can be found elsewhere [9]. A
pronounced influence of the size of the polymer particles used
for processing on the crystallization behavior is also observed
[9].
A bright field image from the EFTEM study of a representative sample crept under 1400 ◦ C/100 MPa condition provides
information regarding the size and morphological details of
the nano-crystallites in the material after creep as shown in
Fig. 6. In amorphous Si–(B)–C–N systems, creep testing at

Fig. 5. Bright field (BF) and low loss images (LL) of prior-to-creep T2-1 derived Si–B–C–N ceramics crystallized at 1800 ◦ C/3 h/1 MPa N2 (polymer particle size
distribution: 80–160 m) with their corresponding elemental maps.
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Fig. 6. A representative bright field (BF) image of a crept (T = 1400 ◦ C and
σ = 100 MPa) nano-crystalline T2-1 derived Si–B–C–N ceramic sample (refer
Fig. 1(b) for the creep curves).

high temperatures and/or for longer durations resulted in higher
crystallinity in the samples [14]. However, no distinguishable
difference could be identified from the bright field images of
samples before and after creep in samples crystallized already
prior-to-creep investigations. A minimal increase in crystallinity
and/or increase in the size of the crystallites in crept samples is
possible, but cannot be confirmed from EFTEM images.
3.2.2. Microstructure development
Polymer derived ceramics cannot be produced to their near
theoretical density as bulk materials and a certain amount of
porosity is always allowed for the organic gaseous species to
escape during the solid state thermolysis of polymers to ceramics. However, the selection of polymer particles distribution and
the warm pressing temperatures for consolidation of the particles can be controlled to produce crack-free bulk bodies to the
maximum allowable density. Taking cognizance of the fact that
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processing induced-porosity is inevitable in these ceramics, the
pore size, morphology and distribution of pores in T2-1 derived
materials is presented in this section. T2-1 derived materials
exhibit large scale porosity as showed by microstructural investigations. From Fig. 7(a), it can be observed that the size of
macro-pores was as big as 200 m. However, the reason for the
existence of such large macro-sized pores in T2-1 derived materials comes from the fact these materials were produced using
larger sized polymer particles (80–160 m) for compaction into
a green body. There are large voids created after the compaction,
since these voids are unfilled due to the lack of smaller particles.
The processing of these ceramics in this way results in the kind of
porosity what has been observed for these materials (Fig. 7(a)).
At higher annealing temperatures the size of these pores however reduces further in comparison with the materials discussed
here though the morphology appears to be the same [11].
The changes in pore morphologies and probable influences
of the microstructural changes as a result of oxidation on the
creep evaluation are considered here. The damage processes that
are associated with the time dependent-microstructural changes
in T2-1 derived materials at higher temperatures are elucidated
using scanning electron microscopy. SEM images in the secondary electron and backscattered mode of a representative
sample before creep and after creep (1500 ◦ C/100 MPa/200 h),
respectively, of the T2-1 derived material are shown in Fig. 7(a
and b). The specimens of the porous-microstructured T2-1
derived material are subject to tremendous internal oxidation
after creep. There is an obvious change in the morphology of
pores during creep with some pores filled completely with oxide
products (SiO2 ) and some partially filled as observed in Fig. 7(b).
The morphology of the pores changes from an irregular shape to
that of a spherical one until the pores are completely filled with
the oxide phase. The pores are partially or completely filled
depending of the creep temperature and time, and hence can be
said that the oxidation process is time and temperature dependent. This simply means that specimens are not identical before
and after the creep test as seen in Fig. 7(a and b) and the oxidation
of these materials proceeds with different rates and may lead to
different oxidation products (amorphous/crystalline) depending
on temperature.

Fig. 7. (a) SEM picture of uncrept nano-crystalline T2-1 derived material indicating the pore morphology, size and distribution. (b) SEM picture of crept nanocrystalline T2-1 derived material at 1500 ◦ C/100 MPa after a duration of 200 h (refer Fig. 3 for the corresponding strain rate curve) showing intensive internal
oxidation.
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4. Discussion
4.1. Comparison of deformation behavior
The results obtained in the present investigation for the nanocrystalline T2-1 derived materials are not only inconsistent with
the results obtained for the nano-crystalline MW-33 derived
materials investigated earlier [12], but also not in agreement
with all other experimental results so far found with polymer
derived materials either in their crystallized state or amorphous
state [4,7,8,10,11]. The MW-33 derived ceramics in their heattreated state exhibited continuous decreasing strain rates even
after 300 h of testing time during compressive creep studies,
indicating the existence of only a primary stage. The decreasing strain rates with out any approach to steady state was
attributed to the continuous structural evolution of the amorphous B–C–N matrix phase which is supposed to control the
creep behavior in these ceramics [12]. However, the role of
crystallites themselves was considered to be of minor importance, and an order of magnitude increase in creep resistance
recorded against its amorphous counterpart was rather attributed
to the densification of the matrix due to annealing. The high
temperature deformation behavior of T2-1 derived crystallized
materials and their MW-33 derived counterparts heat-treated
under identical conditions (1800 ◦ C/3 h/1 MPa N2 ) with similar chemical compositions but processed from different size
distribution of polymer particles is not identical. It is worth
emphasizing that the influence of the selection of the polymer
particle distribution during ceramic processing on the resultant
microstructures and its consequence on the high temperature
mechanical properties of identically heat-treated Si–B–C–N
ceramics is substantial.
Although nano-crystalline T2-1 derived materials show
decreasing strain rates in the beginning, subsequently a threestage creep behavior for all loads at 1400 ◦ C and 1500 ◦ C
was observed (Figs. 1(b), 2 and 3(b)). However, it should
be noted that at the beginning, i.e., at 103 s the strain rates
of T2-1 and MW-33 types of materials crept at 1400 ◦ C are
rather similar (T2-1 derived materials: (dε/dt) ∼ 2 × 10−7 s−1 to
5 × 10−7 s−1 (50–150 MPa) (Fig. 1(b)); MW-33 derived materials: (dε/dt) ∼ 3 × 10−7 s−1 (100 MPa)) [12] and a distinct
difference develop only during creep with time. The decreasing
strain rates (time dependence of the deformation rate), however, of the T2-1 derived materials at 1400 ◦ C and 1500 ◦ C, until
1 × 105 s to 2 × 105 s of testing time can be understood on the
basis of a continuous structural evolution of the matrix phase
during such experiments. Continuous annihilation of defects in
the residual amorphous phase and microstructural changes with
time are two competitive processes occurring during creep at
extremely high temperatures in the materials under investigation. When the viscous deformation of the T2-1 derived materials
during the primary creep is ascribed to the former, the macroscopic strain rate from the free volume theory is given by Eq.
(1) [4,15]:
ε v σ 
dε
ε0 v0
0 0
= 2cf kf
sinh
dt
Ω
2kT

(1)

where cf is the defect concentration, kf the rate constant, ε0
the strain experienced by small regions of volume v0 under
the action of an externally applied stress σ, k the Boltzmann’s
constant and T is the absolute temperature. As long as the latter (microstructural changes) do not dominate the deformation
process, the creep behavior in these ceramics can be analyzed
unequivocally using conventional Norton’s equation for compression creep as given below.


−Q −c
n
ε̇ = Aσ exp
t
(2)
RT
where A is a constant which is representative of the microstructural state of the material, σ the compressive stress, Q the
activation energy for creep, R the gas constant, T the absolute
temperature, t the creep time, n the stress exponent and c is the
time exponent. However, the changes in chemical composition
and microstructure which takes place in T2-1 derived materials
during creep at extreme temperatures could have an effect on
the creep behavior. Microstructural investigations of the priorto-creep and crept samples show substantial changes, a possible
influence on the creep behavior and the pre-exponential term A
is then no more a constant. Hence, this forbids us to make a comprehensive analysis on the underlying creep mechanisms using
the aforementioned equation. However, microstructural investigations of the crept samples of relatively porous-microstructured
T2-1 derived materials give insight in to the deformation mechanisms that result in increasing strain rates at longer durations.
The increasing amount of oxide formed during creep, as a function of time and temperature, in the pores of the material affects
the measured creep deformation of the material. Increasing strain
rates observed in T2-1 derived materials beyond 2 × 105 s (a
deviation from the usual behavior of decreasing strain rates for
long durations as in MW-33 derived materials) is a clear indication of the influence of oxidation on the time dependence of
creep deformation at various loads. At longer times, the increasing amount of low viscous oxide phases formed in the pores
decreases the creep resistance of the highly covalent Si–B–C–N
network. This was true for all loads since after long durations
of creep, the oxide phase becomes more dominant for the flow
behavior and is more pronounced at higher testing temperatures
since oxidation increased with temperature. Since the oxidebased glassy phase has a viscosity several orders of magnitude
lower than those known from the highly covalent Si–B–C–N
based phases and formation of such a glassy phase in the matrix
can soften the material at high temperatures. The creep resistance of the material then decreases severely and increase of
strain rates occurs with time which is quite normal for low viscous materials. The presence of such a glassy phase can also
be sites for the nucleation of cracks leading to creep rupture
of the samples and has been reported earlier for other ceramic
materials [16].
4.2. Mechanism of oxidation
The polymer derived ceramic materials have a conglomeration of macro-, micro- and nano-pores and associated open
pore channels as observed from microstructural investigations
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Fig. 8. SEM pictures showing micro (∼50 m) and inter-connected nano-scale pores (30–40 nm) in nano-crystalline T2-1 derived material. Elongated nano-pores
to the order of 200 nm with high aspect ratios were also seen in the material.

(Fig. 8). The extent of internal oxidation of these materials
is then governed by the size of the open pore channels, the
amount and distribution of open pores, and the network of interconnected micro- and nano-pores. Temperature obviously aids
the oxidation process as observed from the scanning electron
micrographs. With time, and under severe conditions of creep,
the silicon oxide layers will be formed at the walls of the pore
channels and subsequently more channels will be filled with
oxide and block the channels. Thus, the internal oxidation rate
decreases to a lower level controlled by the diffusion of oxygen through the oxide formed (since SiO2 has low permeability
to oxygen) and in this stage in essence the oxidation is limited
to the outer surface of the specimen. The oxide layer is then
considered to be that of a passivating or protective type.
However, the T2-1 derived materials investigated in the
present work possess wide open pore channels and in such materials the oxidation can occur in two distinct stages as observed for
porous reaction bonded silicon nitride (RBSN) [17,18]. Earlier
studies on the oxidation kinetics of precursor derived amorphous
silicon carbonitride ceramics (Si–C–N) at 1350 ◦ C on thin discs
and powder particles also show oxidation behavior similar to
that of RBSN [19]. For the relatively porous nano-crystalline
T2-1 derived materials also, a similar two-stage oxidation process can be envisaged. According to this model described in
[18], the diameter of the open pore channels which allow oxygen to penetrate the material determine the oxidation behavior
of the material. However, the diffusive flow of oxygen into the
open pores and the consumption of oxygen by reaction with the
material to form SiO2 are two processes in competition occurring simultaneously. The outer surface of the Si–B–C–N ceramic
which is exposed to sufficient oxygen would then form a homo-

geneous oxide layer, while it can be imagined that inside the
pore channels the oxygen concentration is reduced because of
the rapid oxidation reaction which is aided at elevated temperatures on the surface. There is a critical diameter below which
the pore mouth oxidizes fast and blocks the pore, reducing further internal oxidation; else, internal oxidation proceeds at the
same rate as at the outer surface of the specimen filling all pores
with SiO2 as seen in Fig. 7(b). Previous studies on creep-tested
amorphous Si–C–N ceramics showed the existence of an intermediate Si2 N2 O phase adjacent to the silica layer from TEM
investigations and a two-step oxidation model was proposed
to explain the oxidation of these materials [14]. The oxidation
resistance in the case of creep-tested Si–C–N ceramics was not
only attributed to the silica layer but also to the intermediate
Si2 N2 O phase. However, a similar investigation on creep-tested
nano-crystalline Si–B–C–N ceramics is required to establish
the existence of such an intermediate phase which would be
of scientific interest to understand the oxidation process of these
materials after creep.
5. Conclusions
Nano-crystalline T2-1 derived Si–B–C–N ceramics produced
from higher size fraction of polymer particles obtained under
annealing conditions corresponding to 1800 ◦ C/3 h/1 MPa N2
resulted in porous microstructures. Although high creep resistance was observed during initial stage of creep, with temperature and time the highly covalent non-oxide microstructure was
transformed to an oxidic phase resulting in destruction of the
load carrying bridges of the material by oxidation. Extensive
internal oxidation took place in the material through the inter-
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connected pore channels resulting in softening of the material
at extreme conditions for creep. As a consequence of that, the
material gradually looses its strong creep resistance typical of
oxygen-free covalently bonded material to that of an oxide-based
low-viscous glass after long durations. Nevertheless the results
show that the creep resistance is substantially increased by the
high temperature annealing of the as-thermolyzed materials. The
beneficial effects of annealing these materials can be realized if
the microstructure of these materials could be carefully controlled by producing denser compacts which in turn are possible
by careful selection of the polymer particles.
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