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A B S T R A C T

Highly porous polymer-derived SiCN(O) and SiOC ceramics with low thermal conductivity were developed by
replicating polyurethane (PU) foams. The PU templates were impregnated with polysilazane or polysiloxane
precursor, followed by pyrolysis at different temperatures (1200 °C - 1500 °C) yielding SiCN(O) or SiOC ceramic
foams, respectively. The swelling and cross-linking behavior of the used precursors had a significant impact on
the morphology of the prepared foams. The samples had bulk densities ranging from 0.03 g.cm-3 to 0.56 g.cm-3

and a total porosity in the range from 75 to 98 vol%. Fourier transform infrared (FT-IR), Raman spectroscopy, X-
ray diffraction (XRD) were employed to follow the structural evolution together with morphological char-
acterization by scanning electron microscopy (SEM). The obtained ceramics were thermally stable up to 1400 °C,
and the linear thermal expansion coefficient values of the porous SiCN(O) and SiOC components in the tem-
perature range from 30 to 850 °C were found to be ~1.72 x 10-6.K-1 and ~1.93 x 10-6.K-1, respectively. Thermal
conductivity (λ) as low as 0.03W.m-1 K-1 was measured for the SiCN(O) and SiOC foams at room temperature
(RT). The λ of the ceramic struts were also assessed by using the Gibson-Ashby model and estimated to be
2.1W.m-1 K-1 for SiCN(O), and 1.8W.m-1 K-1 for SiOC.

1. Introduction

In the last decade, porous Si-based ceramics have drawn a great deal
of attention for their useful properties in many fields such as energy,
environment, etc. [1,2]. Several different processing techniques can be
used to fabricate these materials: replica, emulsion, aerogel, sacrificial
templating, etc. [3,4] One emerging method to produce porous Si-based
ceramics is the “Polymer Derived Ceramic” (PDC) route [5]. Accord-
ingly, highly porous polymer derived ceramics were reported in the
literature and they have been found suitable for several applications
such as catalysis, filtration, ion encapsulation, drug delivery as well as
thermal insulation [6–13].

The mechanical properties, thermal and chemical stability, oxida-
tion resistance and high temperature creep behavior of PDCs have al-
ready been studied [14–18]. Nevertheless, the thermal properties are
the least investigated property for PDCs. Only recently Gurlo et al. [19]
studied the thermal conductivity, λ, for dense bulk hot-pressed SiOC
ceramics from RT up to 1000°C; Mazo and co-workers [20,21]

determined the λ of spark plasma sintered SiOC materials and Eom
et al. [22] reported λ values of SiOC and found that they depend on the
processing temperature. Finally, Stabler et al. [23] studied the effect of
the phase compositions and microstructures on the thermal properties
of SiOC ceramics and found that increasing the amount of precipitated
C lead to an increase of λ. While those reports are available for SiOC
system, and there are works for the synthesis of porous SiCN ceramics
[24–27], to the best of our knowledge the thermal properties of SiCN/
SiCN(O) PDCs have been reported very rarely [14,28].

Recently, a replica process was presented to manufacture re-
ticulated SiC foams via the PDC route starting from PU foam im-
pregnated with polycarbosilane [29]. Highly porous ceramic SiC com-
ponents were characterized by measuring the thermal conductivity at
RT which was found to be as low as 0.05W.m-1 K-1 for samples with
98% porosity. The aim of this work was to investigate the processing
and the thermal properties of reticulated SiCN(O) and SiOC foams.
Thermal characterization of polysilazane-derived SiCN(O) materials, as
the one reported in this study, should fill a gap in the property set of
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silicon carbonitride materials. Moreover, the study has been performed
using two different type of reticulated polyurethane foams: one with
fully open and another one with partially closed cells therefore giving
the opportunity to evaluate this morphological feature on the thermal
properties of the resulting ceramic materials.

Finally, it is well known that is rather difficult to attain SiCN
ceramics without any oxygen contamination, which is in part from the
impurities in the precursors and also from the oxygen contamination
during processing [25,30]. For this reason, we decided to explicitly
acknowledge the presence of oxygen in our materials calling these
ceramics as SiCN(O).

2. Experimental procedure

2.1. Materials

Commercially available polysilazane, Durazane 1800 (CAS#:
503590-70-3; Merck Performance Materials GmbH, Wiesbaden,
Germany, viscosity: < 100 cps at 20 °C) and polysiloxane, SPR-036
(Starfire Systems Inc., NY, USA, viscosity: 50–500 cps at room tem-
perature conditions) were used as the precursors, without any further
purification. A Karstedt's catalyst, platinum–divinylte-
tramethyldisiloxane complex in xylene, having a platinum (Pt) content
of ~2% (CAS#: 68478-92-2; Sigma–Aldrich, Saint Louis, MO, USA) was
used after further diluting it to a solution having 0.1% of Pt in the
xylene (CAS#: 106-42-3, Sigma–Aldrich). Two different types of poly-
urethane, PU, templates (ARE- S.r.l, Rosate, Milan, Italy) were used for
the processing, i.e., MTP-55 (polyester base, partially closed cells,
density 0.055 ± 5% g.cm-3) and PPI-60 (polyester base, mostly open
cells, density 0.025 ± 8% g.cm-3).

2.2. Processing

The preceramic foams were prepared upon impregnating PU foams
with the commercial preceramic precursors. Acetone (CAS#: 67-64-
1;> 99% pure, Sigma–Aldrich) was used as solvent to decrease the
viscosity of the polymeric precursors (as low viscosity is favorable for
effective swelling of the polymer foam) as well as to provide suitable
dissolution and homogeneous mixing of the used Pt catalyst (100 μL of
0.1% Pt solution per 1 g of polymer precursor). The amount of acetone
used in the impregnation process was always 1/5th of the volume of PU
template. The PU foams of the required dimensions were manually
impregnated with this solution system. The process is repeated until
visually all the solution has been taken-in by the PU foam, resulting in
the swelling of the same. The impregnated PU foam is then left for
drying usually for a period of 24 h at room temperature conditions
before conducting the pyrolysis. The detailed procedure for the im-
pregnation and preparation of the monolith is reported in Ref. [29] and
the process in brief is sketched in Fig. 1.

The pyrolysis was carried out at 1200 °C using a heating rate of
5 °C.min-1 and a flow rate of 300mL.min-1 (N2 was used for SiCN(O)
samples, while Ar was used for the SiOC samples) in an alumina tube
furnace (Lindberg/Blue, USA), with 5 h of gas purging before starting
the heat treatment. Typically, two dwell steps were applied: one at
600 °C for 0.5 h to ensure complete removal of the polyurethane tem-
plate and another one at the peak temperature lasting 2 h. After the
furnace was switched off to allow free cooling to room temperature.

Additionally, selected samples were pyrolyzed at higher temperatures,
i.e. 1300, 1400 and 1500 °C, using the same treatment conditions
(heating rate, flow rate, dwell steps, cooling process) as described
above.

Depending on the polyurethane foam used for the fabrication,
samples were coded “M”, for those being prepared upon using the MTP-
55 as template (having partially closed cells), and “P” for those pre-
pared with PPI-60 template (having only open cells). The ceramic foam
samples were made using polyurethane (PU): polymeric precursor (PP)
weight ratios of 1:1, 1:2, 1:3, 1:4, 1:5, and 1:6. The information about
the used PU: PP ratios was given in the sample codes as well, e.g., the
ceramic sample prepared from a mixture with a MTP-55: polysilazane
weight ratio of 1 : 4 was named SiCN(O)-M4 or a sample prepared from
a mixture with a PPI-60: polysiloxane weight ratio of 1 : 2 was named
SiOC–P2. In some cases, the samples were labelled only SiCN(O) and
SiOC in order to avoid complications. However, in these cases, it will be
clearly mentioned along with the associated text or figure, the details of
the sample chosen for that particular study.

2.3. Characterization

The skeletal density measurements were performed using a helium
pycnometer (AccuPyc 1330 TC, Micromeritics, Norcross, GA, USA),
while the bulk densities were obtained from the respective mass and the
geometrical volume of the samples. The thermo-gravimetric analysis
(TGA, Netzsch STA 409, Netzsch Gerätebau Gmbh, Selb, Germany) was
conducted (1550 °C/N2 (50 mL.min-1)/10 °C.min-1) on the PU tem-
plates, the polymeric precursor, the impregnated PU foams and the final
ceramic foams. X-ray diffraction (XRD, Rigaku D/Max-B diffractometer,
Japan) analysis were collected by using the Cu Kα in 2ϴ angle range of
10 to 90°, with a step size of 0.05°, and the data were plotted after
normalization. Fourier Transform Infrared (FT-IR, using ATR technique,
Varian 4100 FT-IR, Agilent Technologies, Inc., USA) and Raman spec-
troscopy (Argon laser, wavelength=514.5 nm, Horiba HR800 micro-
Raman spectrometer, Horiba Jobin Yvon GmbH, Bensheim, Germany)
were used to evaluate the structural features. The morphology of the
samples was studied by Scanning Electron Microscopy (SEM, JEOL JSM
5500 JEOL, Tokyo, Japan). Prior to the measurements, the sample
fracture surfaces were sputter-coated with gold in order to avoid
charging. The linear expansion coefficients of the ceramic foams were
determined using a L75 platinum series dilatometer (Linseis
Messgeraete GmbH, Germany) at a heating rate of 5 °C.min-1(with a
sample pressure of 150mN). The C, Si, and, N contents were de-
termined by the Mikroanalytisches Labor Pascher, Germany. For Si
determination, the sample is fused in a Pt-crucible with a mixture of
Na2CO3/H3BO3. After dissolution with acids the Si content is measured
using an inductively coupled plasma atomic emission spectrometer,
ICP-AES, (iCap 6500, Thermo Fisher Scientific, Waltham,
Massachusetts, USA). C is measured conductometrically after combus-
tion and adsorption of CO2 in a 0.1 N NaOH solution. N is measured
with a Leco TCH600 analyzer. The amount of oxygen in the ceramic
samples was calculated as a difference to 100%. The room temperature
(RT) thermal conductivity measurements were performed by using a
Hot Disk apparatus (Hot Disk TPS 2500 S, Kagaku Analys AB, Sweden).
The thermal diffusivity measurements at high temperatures were con-
ducted on the ceramic foams (only on the ones from the M-type, closed
cells, templates) using a Laser Flash LFA 1600 instrument (Linseis

Fig. 1. Process of preparing the sample.
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Messgeräte GmbH, Selb, Germany) equipped with a S-type thermo-
couple. The rationale for using the LFA technique only with the M-type
ceramic foams, having partially closed cells, was to avoid problems
related to the insufficient absorption of the laser power that we ex-
perienced when the same LFA technique was applied to the P-type
forms having fully open cells.

3. Results and discussion

3.1. PU templates and precursors

The microstructures of the used PU templates are given in Figs. 2(a
& b). As can be seen, the MTP-55 template (M-type) consists partially of
closed cells with an average cell size of (580 ± 65) μm, while the cells
of PPI-60 (P-type) are completely open porous with larger cells with an
average cell size of (920 ± 110) μm.

The FT-IR spectra shown in Fig. 3(a) indicate the presence of
characteristic absorption bands for polyurethane at 3295 cm-1 (N–H
symmetric and asymmetric stretching, absorption band as a shoulder),
at 2938 cm-1, 2930 cm-1, and 2864 cm-1 (C–H stretching vibrations in
methyl and methylene groups), as well as at 1723 cm-1 and 1219 cm-1

(sharp absorption peaks corresponding to the carboxy groups, i.e.
stretching vibration of C]O and asymmetric vibration of C–O, re-
spectively) [24,31]. The TG analysis of both PU foams (see Fig. 3(b))
shows mass loss starting at around 240°C and reaching ca. 90% at
temperatures above 450 °C. The FTIR spectra of the preceramic pre-
cursors, Durazane 1800 and SPR-036, as well as of the impregnated
foams are also shown in Fig. 3(a). In the case of Durazane 1800,
characteristic silazane peaks at 3375 cm-1 (N–H stretching), 2954 cm-1

(C–H stretching), 2126 cm-1 (Si–H stretching), 1252 cm-1 (C–H de-
formation), 1163 cm-1 (N–H deformation), and ~880 cm-1 (Si–N–Si
stretching) can be seen [32]. While in the case of polysiloxane pre-
cursor, a strong absorption band at ~1100 cm-1 corresponding to the
Si–O–Si stretching was observed, in addition to a band at ca. 2150 cm-1

assigned to Si–H groups [33]. The FT-IR spectra of the impregnated
foams still show the Si–H peak which suggest that, as expected, not all
the silicon hydrogen bonds have been consumed in the crosslinking
reaction via hydrosilylation with the vinyl groups [34,35] since SPR-
036 and Durazane 1800 have only few C]C groups available, with a
Vy/Si–H molar ratio in the range of 0.1 to 0.2.

The TG curves of the polymer precursors (Durazane 1800, SPR-036,
see Fig. 3(b)) show mainly two stages of mass loss. The mass loss in the
first stage (below 500 °C) can be attributed to the release of low mo-
lecular weight oligomers while in the temperature range be-
tween~ 540 °C and ~ 900 °C, which corresponds to the mineralization
stage, mainly methane and hydrogen are released [36–38]. The total
mass losses at 1000 °C were ca. 31% and 21% for Durazane 1800 and
SPR-036, respectively. The precursor-impregnated PU foams for both
M-type and P-type showed, as expected, ceramic yields lying between
those of the pure PU templates and of the pure preceramic precursors
(Fig. 3(b)).

3.2. SiCN(O) and SiOC foams

SiCN(O) and SiOC ceramic foams with bulk densities ranging from
0.03 g.cm-3 to 0.56 g.cm-3 were prepared by altering the PU/PP weight
ratio (see Fig. 4). As expected, small ratios (i.e. high PP) resulted in
relatively high ceramic foam densities; whereas the bulk densities were
shown to decrease as the PU/PP ratio increases. The skeletal densities of
the prepared ceramic foams were found not to vary significantly and
showed values around 2.00 g.cm-3. The slight variation in the skeletal
densities of the ceramic foams was also correlated to the PU/PP weight
ratio, which influences the amount of residual carbon in the samples
(resulting from the decomposition of the PU template); consequently, it
is expected that an increase of the residual carbon content in the
ceramic foams will induce a slight decrease of their density (density of

pyrolytic carbon is 1.8 - 2.0 g.cm-3 [39] while density of SiCN/SiOC is
ca. 2.2 - 2.3 g.cm-3 [40,41], see Fig. 4).

It is clear from the micrographs given in Figs. 5(a-h) that the
ceramic foams retain the characteristic features of the PU templates.
The SiCN(O) and SiOC foams obtained from the M-type PU foam, i.e.
the SiCN(O)-M and SiOC-M ceramic foams, exhibit partially closed
porosity, while those obtained from P-type foams, i.e. the SiCN(O)–P
and SiOC–P ceramic foams show open pores.

Significant difference related to the strut’s morphology was ob-
served between the ceramic foam series prepared from Durazane 1800
and SPR-036. The struts were dense for the silazane-derived samples
and instead were hollow for the polysiloxane-derived ceramic foams.
Such difference probably relates to two features: (i) the better affinity of
polyurethane toward polysilazane compared to polysiloxane resulting
into a better swelling of PU foam by Durazane1 and (ii) the different
crosslinking kinetics of the polysiloxane and polysilazane precursors,
i.e. SPR-036 showing much faster cross-linking than that of Durazane
1800. SPR-036 is thought to have cured on the PU template prior to
complete swelling consequently, the ceramic struts are hollow after the
PU was burnt out. Indeed, it was already reported that Pt is a very good
catalyst for Si–H containing polysiloxane while it is somehow less ef-
ficient if the Si–H groups are together with N–H groups such as in the
case for polysilazane [42].

The chemical analysis (see Table 1) of the final ceramics was ap-
plied to selected samples to understand the effect of the PU/PP weight
ratio on the final ceramic composition. The foam type has almost no
effect on the final chemical composition, as can be seen by comparing
SiOC–P3 and SiOC-M3, which were prepared using the same PU/PP
ratio of 1:3. However, the PU/PP weight ratio caused a clear effect on
the chemical composition of the ceramic foams, as shown for two SiCN
(O) samples in Table 1. The nitrogen content increases with decreasing
the PU/PP ratio, since the relative importance of the ceramic residue
from PP increases. Similarly, the oxygen contamination increases with
increasing the PU/PP ratio, suggesting that such contamination comes
more from the decomposition of the PU template during pyrolysis than
from the reactivity of the polysilazane with the laboratory atmosphere
during the impregnation/curing step.

The XRD patterns of the SiCN(O) and SiOC foams, pyrolyzed at
different temperature are shown in Figs. 6(a and c). A hump in the
range 20°< 2ϴ < 25° shows the presence, for both systems, of an
amorphous silica-based phase [20,21] thus confirming, also for the
Durazane 1800-derived foams, the presence of oxygen in the SiCN
network. The SiCN(O) foams remain amorphous up to 1400 °C while as
the pyrolysis temperature is increased to 1500 °C, β-SiC associated re-
flections around 35.6°, 61.0°, and 71.8° starts to evolve (see Fig. 6(a)).
The formation of SiC is due to the well-known decomposition occurring
in SiCN-based ceramic systems exposed to temperatures above 1400 °C
[43,44]. As for the SiOC system (Fig. 6(c)), the samples remain amor-
phous up to 1300 °C. At temperatures above 1400°C, the diffraction
peaks of β-SiC appear due to partitioning and subsequent carbothermal
reaction of the silicon oxy-carbide [29,45,46]. The Raman spectra
placed as inset in the XRD plots (see Fig. 6) shows the characteristic
disordered (D) and graphitic (G) peaks of the sp2-hybridized residual
carbon up to at least 1400 °C [47,48].

3.3. Thermal studies on SiCN(O) and SiOC foams

The thermal expansion of the foams was studied by dilatometry in
the temperature range from 30 to 850 °C, that is the maximum

1 The submersion of the PU foams into the pure (no solvent) liquid Durazane
1800 and liquid SPR-036 resulted into a volume increase, measured in situ in
the liquid precursor, of 9.0% and 4.5% respectively unambiguously suggesting
that polysilazane has a better affinity compared to polysiloxane for poly-
urethane.
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temperature allowed by our dilatometric apparatus. The values of the
coefficient of thermal expansion (CTE) were ca. 1.72 x 10-6.K-1 and 1.93
x 10-6.K-1 for the investigated SiCN(O) and SiOC foams, respectively
(Fig. 7(a)). The SiOC sample majorly consists of amorphous silica
phase. However, vitreous silica is known to have very low CTE of 0.57 x
10-6.K-1 [49]. The reason of an increased CTE value for SiOC, compared
to vitreous silica, might be the presence of free carbon and/or nano-
crystalline SiC. The observed values were in agreement with recently

reported values of dense SiOC ceramics, e.g. 1.84-3.23 x 10-6.K-1 in the
temperature range from 100 to 1000 °C [23]. The measured CTE for the
SiCN(O) foam is lower than the value reported in the literature for si-
milar materials (2.69 x 10-6.K-1 [28]).

The TG analysis on two ceramic foams up to a temperature of
1600 °C is shown in Fig. 7(b). It can be seen that both the SiOC and
SiCN(O) ceramic foams obtained are quite stable up to a temperature of
at least 1400 °C, in Ar atmosphere and above 1500 °C the weight loss

Fig. 2. SEM images of the PU foams (a) MTP-55 (M-type), and (b) PPI-60 (P-type).

Fig. 3. (a) FTIR spectra of the used PU
foams, cross-linked preceramic precursors
and the precursor impregnated foams, data
for impregnated samples were obtained
from M-type foams with 1:2 ratio. (b) TGA
data for the PU templates, the pre-ceramic
polymer with addition of 100 μL. g-1 of Pt
catalyst (0.1%) and for the samples pre-
pared from M-type foams impregnated with
preceramic polymers in 1:1 wt ratio.

Fig. 4. Skeletal density vs. bulk density of the prepared SiCN(O) and SiOC ceramic foams.
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suggests a decomposition process which agrees with the XRD results
shown before.

Thermal conductivity measurements were made on all foams pro-
duced for which the details are given in Table 2. The bulk density,
skeletal density, porosity, and the thermal conductivity values at room
temperature of the SiCN(O) and the SiOC are tabulated for each of the
samples. The highest bulk density values were found for the M-type
foams (partially close cells), for both the polysiloxane and the poly-
silazane, since the preceramic polymers can impregnate not only the
struts but also the walls of the cells. Among the prepared SiCN(O)

samples, the highest RT thermal conductivity (λ) was measured for
SiCN(O)-M6 (0.20W.m-1. K-1), having a relative density of 0.25 and the
lowest was from SiCN(O)–P1 (0.03W.m-1. K-1) sample having a relative
density of 0.02. Similar results are shown by the SiOC foams suggesting
that the main parameter controlling the TC of the ceramic foams is the
density.

With the aim of investigating the influence of the microstructure
(open cells vs closed cells) on the TC of the ceramic foam, the experi-
mental data have been plotted as a function of the relative density,
differentiating between open vs closed cells (Fig. 8). The data shown in

Fig. 5. SEM images of the produced; SiCN(O) ceramic samples (a) SiCN(O)-M2, (c) SiCN(O)–P2; SiOC ceramic samples (e) SiOC-M2, (g) SiOC–P2. (For each image,
the insets show the corresponding strut details).

Table 1
Chemical analysis on the SiCN(O) and SiOC foams (from M-type and P-type templates).

Samples Bulk density (ρb ± 0.01)
(g.cm-3)

Chemical composition (wt.%)

Si C N O

SiOC–P3 0.11 43.50 ± 0.4 23.20 ± 0.08 0 33.30 ± 0.3
SiOC-M3 0.24 43.95 ± 0.2 23.36 ± 0.1 0 32.69 ± 0.3
SiCN(O)–P4 0.15 42.25 ± 0.4 26.79 ± 0.06 9.84 ± 0.5 21.13 ± 0.2
SiCN(O)-M6 0.56 47.20 ± 0.3 23.03 ± 0.02 15.35 ± 0.4 14.43 ± 0.1

Fig. 6. X-ray diffraction patterns and Raman spectra of SiCN(O)-M2 ((a) and (b), respectively) and of SiOC-M2 ((c) and (d), respectively).
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Fig. 8 reveal that the P-type, open cells PU, in general leads to foams
with lower relative density compared to the M-type PU. Indeed, PU
foams with partially closed cells, retain more pre-ceramic polymer and
form, after pyrolysis, a denser component. However, beside this ob-
vious difference between the two types of templates, the dependence of
the TC from the relative density is the same and all the data point, for
each chemistry, fall into a master line.

The Gibson-Ashby model for the solid (open cell) foams is given as
in equation (1) [50]:

⎜ ⎟ ⎜ ⎟= ⎛
⎝
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This equation can be represented as;
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λ λ λSf S air
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where, λSf is the λ of the SiCN(O) or SiOC foam in W.m-1.K-1, ρb and ρs
represents the bulk density of the SiCN(O) or SiOC foam and the ske-
letal density of the SiCN(O) or SiOC ceramics, respectively (given in
Table 2, in g.cm-3), λS is the λ of the SiCN(O) or SiOC ceramic (struts)
in W.m-1.K-1, and λair is the λ of air at RT (~0.025W.m-1 K-1). The slope
of the linear fit −( )λ λS air

1
3 can be used to estimate the λ for dense

skeleton. Accordingly, the λ values of the SiCN(O) and SiOC struts
evaluated from the Gibson-Ashby model were found to be 2.1W.m-1. K-

1 and 1.8W.m-1. K-1, respectively. The values of λ for the silicon oxy-
carbides struts are consistent with those previously reported in recent
literatures for bulk SiOC ceramics, as 1.4 to 1.75W.m-1. K-1 by Gurlo
et al. [19], 1.4 to 1.83W.m-1. K-1 in the report by Mazo and co-workers
[21], 1.3 to 1.8W.m-1. K-1 by Eom et al. [22], 1.8 to 2.7W.m-1 K-1 in the
work of Stabler et al. [23], and also with polymer-derived Si–C based
ceramics [29]. In case of SiCN(O), to the best of our knowledge, the TC

value is the first one reported in the literature, still it falls well in the
range of known TC value for the other Si-based PDC materials.

The thermal diffusivity measurements performed from RT up to
1000°C (see Fig. 9), for the SiCN(O) and SiOC ceramic foams prepared
from the M-type template. We tried to use the LFA technique also on the
P-type open cells foams however, due to insufficient absorption of the
laser power of these samples the results were not reliable.

The thermal diffusivity values at RT for SiCN(O) was measured to be
5.9 x 10-3 cm2.s-1 and for the SiOC samples 4.8 x 10-3 cm2.s-1. Recently,
Stabler et al. [23]reported that the thermal diffusivity of dense SiOC
obtained after pyrolysis at 1100 °C was ~ 6.75 x 10-3 cm2. s-1 at RT and
also observed an increase in the diffusivity value with higher pyrolysis
temperatures (1600 °C). Similarly, the thermal diffusivity of SiCN
ceramics (dense) was reported to increase from 5.07 x 10-3 cm2. s-1 to
8.08 x 10-3 cm2. s-1 as the treatment temperature was raised from 800 °C
to 1300 °C [14]. These reports match well with the diffusivity values
measured in this work. As the measurement temperature is raised above
400 °C, there is a gradual increase in the diffusivity values. This could
be attributed to the effect of the radiative component [19] in both SiCN
(O) and SiOC foams.

4. Conclusions

Polymer derived, reticulated SiCN(O) and SiOC ceramic foams were
prepared by replica method; i.e. by impregnating PU foam with
Durazane 1800 or SPR 036 preceramic precursors, followed by pyr-
olysis. The SiCN(O) reticulated ceramic foams from the polysilazane
were found to exhibit dense struts, whereas the SiOC ceramic foams
prepared with the polysiloxane had hollow struts. This result was re-
lated to the different swelling ability of the two Si-precursors in the PU
stricture and to their different crosslinking kinetics. The linear thermal
expansion coefficient values of the porous SiCN(O) and SiOC foams in

Fig. 7. Dilatometry (a) and TG (b) curves of SiCN(O)-M2 and SiOC-M2.

Table 2
The bulk density (ρb), skeletal density (ρs), porosity, and thermal conductivity (λ) values at RT of SiCN(O) and SiOC ceramic foams pyrolyzed at 1200 °C.

Sample Bulk density
(ρb± 0.01)
(g.cm-3)

Skeletal density
(ρs ± 0.1)
(g.cm-3)

Porosity (%) Thermal conductivity
(λ ± 0.01)
(W.m-1. K-1)

Sample Bulk density
(ρb± 0.01)
(g.cm-3)

Skeletal density
(ρs ± 0.1)
(g.cm-3)

Porosity (%) Thermal conductivity
(λ ± 0.01)
(W.m-1. K-1)

SiCN(O)_M1 0.10 2.04 95.1 0.05 SiOC_M1 0.09 2.03 95.6 0.05
SiCN(O)_M2 0.18 2.08 91.3 0.07 SiOC_M2 0.18 2.10 91.4 0.08
SiCN(O)_M3 0.26 2.13 87.8 0.10 SiOC_M3 0.24 2.14 88.8 0.08
SiCN(O)_M4 0.37 2.18 83.0 0.16 SiOC_M4 0.37 2.24 83.5 0.12
SiCN(O)_M5 0.42 2.21 81.0 0.15 SiOC_M5 0.40 2.27 82.4 0.13
SiCN(O)_M6 0.56 2.28 75.4 0.20 SiOC_M6 0.47 2.32 79.7 0.16
SiCN(O)_P1 0.05 2.02 97.5 0.03 SiOC_P1 0.03 1.98 98.5 0.03
SiCN(O)_P2 0.10 2.04 95.1 0.06 SiOC_P2 0.06 2.01 97.0 0.04
SiCN(O)_P3 0.10 2.04 95.1 0.07 SiOC_P3 0.11 2.04 94.6 0.04
SiCN(O)_P4 0.15 2.07 92.8 0.05 SiOC_P4 0.13 2.06 93.7 0.04
SiCN(O)_P5 0.16 2.07 92.3 0.07 SiOC_P5 0.18 2.10 91.4 0.07
SiCN(O)_P6 0.20 2.09 90.4 0.07 SiOC_P6 0.21 2.12 90.1 0.06
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the temperature range from 30 to 850 °C were measured to be ~1.72 x
10-6.K-1 and ~1.93 x 10-6.K-1, respectively. The thermal conductivity
analysis conducted at room temperature showed that the samples had
conductivity in the range from 0.03 W.m-1. K-1 to 0.20 W.m-1. K-1 for
the SiCN(O) foams, and similarly in the range from 0.03W.m-1. K-1 to
0.16W.m-1. K-1 for the SiOC foams. A Gibson-Ashby model was used to
estimate the thermal conductivity of the ceramic struts (i.e. dense
material) which were found to be 2.1W.m-1. K-1 for SiCN(O) and 1.8
W.m-1. K-1 for SiOC. The thermal conductivity of the SiOC ceramic is in
line with those already reported in the literature while the one for the
SiCN(O) material was never reported before.
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