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H I G H L I G H T S

• SiOC microstructure is influenced by
the solvent trapped in the precursors.

• Solvent influences carbon content and
crystallization of SiC during pyrolysis.

• Accelerated SiC formation is more
prominent at lower pyrolysis tem-
perature.

• SiC formation decreases with solvent
content at higher pyrolysis tempera-
ture.
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A B S T R A C T

Silicon oxycarbide (SiOC) is an important polymer derived ceramic with many unique properties such as high
temperature stability and amorphous-nanocrystalline mixed structures. It can be made using different processing
routes. In this study, SiOC ceramics were investigated using a polysiloxane precursor crosslinked in the presence
of 0, 100, 200, and 300 vol% of 3-pentanone as the solvent. The microstructure and the phase evolution during
pyrolysis depend on the solvent concentration during crosslinking. The addition of pentanone facilitates the
formation of nanocrystalline SiC at pyrolysis temperatures ≤1300 °C. However, the formation of SiC decreases
with increasing solvent content when pyrolyzed at 1400 °C. Simply varying the solvent concentration during
crosslinking provides a unique and tunable processing route for modifying the phase formation within SiOC
ceramics.

1. Introduction

Polymer derived ceramics (PDCs) have gained an increasing interest
in the past decades due to a wide variety of exceptional properties such
as thermal stability, electrical conductivity, and chemical and oxidation
resistance [1,2]. Among various PDCs, silicon oxycarbide (SiOC) is
especially important due to its amendable nano- and/or micro-struc-
tures, relatively low processing temperatures, and functional properties
[3]. Due to their high temperature stability and excellent mechanical

properties, SiOC ceramics are excellent candidates in applications
ranging from brake pads, high temperature sensors, ceramic MEMS, and
heating elements [2]. Upon pyrolysis to temperatures greater than ap-
proximately 1100 °C, the SiOC matrix contains nano-sized SiO2 and a
disordered graphitic phase [4–6]. At pyrolysis temperatures greater
than 1300 °C, SiC nanocrystals form [7]. Many properties of SiOC, such
as its mechanical properties, chemical durability, and electrical con-
ductivity, depend on the phase composition within the SiOC, so con-
trolling the phase formation is of high importance [2,8–10].
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Phase formation within SiOC can be greatly modified through a
variety of techniques. The formation and content of SiC within SiOC,
through either phase separation of the SiOC matrix or carbothermal
reduction of SiO2, has been shown to be dependent on the atomic ratios
of Si, O, and C within the polymer precursors [4,5]. Further, the tem-
perature at which phase separation and crystallization occurs can be
increased by the incorporation of free carbon within the SiOC [8,11].
Solvent modification of the polymer precursor can also influence the
phase formation within SiOC. After crosslinking the polymer precursor
in the presence of various solvents and pyrolysis to 1300 °C, the solvent-
modified polymers form more SiC than the sample with no solvent [12].

Introducing solvents into polymer precursors for SiOC fabrication
has been carried out for a number of solvent-polymer systems, with the
focus predominantly on the formation of porous gels [13–15]. How-
ever, the effect of solvents on other features of SiOC, such as phase
formation during pyrolysis, has not been well studied. Poly-
hydromethylsiloxane and divinylbenzene were crosslinked in either
acetone or cyclohexane and then supercritically dried using CO2 to
obtain porous aerogels. After pyrolysis at 900 °C, the gel crosslinked in
acetone had a slightly smaller carbon domain size compared to the non-
polar cyclohexane [13]. Polydimethylsiloxane (PDMS) and tetraethyl
orthosilicate (TEOS) hybrid gels were aged in acetone, isopropanol, and
n-hexane to investigate the effect of the solvents and aging time on the
properties of the SiOC after pyrolysis at 1100 °C. The polar solvents,
acetone and isopropanol, more easily removed the non-crosslinked
PDMS molecules from the gel, affecting the carbon content after pyr-
olysis [14,15]. Additionally, the polar solvents decreased the carbon
crystallite size as the aging time increased, while the non-polar solvent
showed the opposite trend [15]. Crosslinking a polysiloxane in the
presence of either 3-pentanone, n-heptane, or isobutylbenzene followed
by drying and pyrolysis at 1300 °C found that increasing the solvent
concentration during crosslinking led to increased SiC formation,
especially for 3-pentanone [12]. However, the evolution of the phases
within SiOC at different pyrolysis temperatures was not studied, which
is necessary in order to fully understand the solvent's role in the mod-
ification of the phase formation within SiOC.

In this work, SiOC ceramics are fabricated by pyrolysis of a poly-
siloxane crosslinked in the presence of 0, 100, 200, and 300 vol%
pentanone. The effects of the solvent amount on the resulting thermo-
physical properties, phase evolution, and microstructure of the SiOC
ceramics are studied at pyrolysis temperatures from 1100 °C to 1400 °C.
The samples crosslinked in the presence of pentanone have accelerated
SiC formation at temperatures as low as 1200 °C, compared to 1300 °C
for the sample without solvent. Further, the amount of SiC formed at
lower temperatures is shown to be directly related to the pentanone
concentration during crosslinking.

2. Experimental procedures

A commercial polysiloxane (PSO, [-Si(C6H5)2O-]3[-Si(CH3)(H)O-]2[-
Si(CH3)(CH=CH2)O-]2, SPR-684, Starfire Systems, Inc., Gelest Inc.,
Schenectady, NY) was chosen as the base precursor and 2.1–2.4%
platinum-divinyltetramethyldisiloxane complex in xylene (Pt catalyst,
Gelest Inc., Morrisville, PA) was used as the catalyst. The solvent used
was 3-pentanone (Fisher Scientific, Pittsburgh, PA).

Solutions with PSO and either 0, 100, 200, or 300 vol% pentanone
solvent (relative to the PSO volume) were sonicated for 10min and then
mixed in a high energy mill (SPEX 8000M Mixer/Mill, SPEX
SamplePrep, Metuchen, NJ) for 10min to form a homogeneous mixture.
Next, the Pt catalyst (1 wt% relative to PSO) was added, the mixtures
were mixed again in a high energy ball mill for 5min, and then poured
into aluminum foil molds. The mixtures were placed into a vacuum
chamber and vacuumed for 10min at 200 Torr to remove any bubbles
in the solutions. The molds were then sealed in acid digestion vessels to
prevent evaporation of the solvents and placed in an oven to crosslink
at 50 °C for 12 h and then at 120 °C for 6 h. After crosslinking, the molds

were removed from the acid digestion vessels and sealed for room
temperature aging for 10 days to allow for the slow evaporation of the
pentanone from the crosslinked samples. Samples designated as PSO
corresponded to the pure PSO sample; samples with solvent additions
were labelled as X-p, and X is the volume percent of pentanone (100,
200, or 300), as shown in Fig. 1. The pure PSO green body was trans-
parent, and the transparency decreased with the amount of pentanone.
Also, cracks formed in the 100-p samples during the drying process.

For pyrolysis, the crosslinked materials were cut and polished into
square shapes roughly 10mm in edge length and 2mm in thickness.
Next, the samples were placed into a zirconia crucible, covered on both
sides with graphite mats in order to reduce friction during shrinkage
and prevent warping, and put into a tube furnace (1730-20 Horizontal
Tube Furnace, CM Furnaces Inc., Bloomfield, NJ). The samples were
pyrolyzed in argon with a flow rate of about 500 std cm3/min and a
heating rate of 1 °C/min, held at peak temperatures between 1100°C
and 1400 °C for 2 h, cooled to 400 °C with a rate of 1 °C/min, and finally
cooled to 50 °C with a rate of 2 °C/min.

The chemical bonding of the polymers was evaluated using Fourier
Transform Infrared Spectroscopy (FT-IR) (Nicolet 8700 with Pike
GladiATR attachment, Thermo Scientific, Waltham, MA), which re-
corded light absorption between 500 and 4000 cm−1 wavenumber with
a resolution of 4 cm−1 and averaged between 64 scans. Ceramic yield
was calculated by measuring the mass of the samples before and after
pyrolysis. The volume shrinkage of the samples was calculated by
measuring the dimensions of regularly shaped samples before and after
pyrolysis. The bulk density and porosity of the polymers and SiOC were
measured using the Archimedes method with water as the saturating
and submersion medium. The phase compositions of the pyrolyzed
samples were analyzed in an X'Pert PRO diffractometer (PANalytical
B.V., EA Almelo, the Netherlands) with Cu Kα radiation. The micro-
structures of the pyrolyzed ceramics were studied using a field emission
SEM (LEO 1550, Carl Zeiss MicroImaging, Inc, Thornwood, NY).

3. Results and discussion

3.1. Solvent effects during crosslinking

A solvent can play an important role in the polymer crosslinking
process, especially for a closed system. In this study, the crosslinking
happens at 120 °C while the boiling point of 3-pentanone is 102 °C, so it
is necessary to know how much solvent remains in the liquid phase
mixed with the PSO. Assuming that all the 3-pentanone is kept in the
sealed vessel, the evaporated solvent amount can be approximately
calculated. First, the vapor pressure of the pentanone can be calculated
using the Antoine equation, a simplified Clausius-Clapeyron equation
[16]:

log P = A - B/(T + C) (1)

where P is the vapor pressure (Pa), T is the temperature (K), and A, B,
and C are constants. For 3-pentanone, the values for A, B, and C are
9.15,1309.65, and −59.03, respectively [17]. Therefore, the vapor
pressure of the pentanone at 120 °C is 169600 Pa. The amount of the

Fig. 1. Photographs of (a) pure PSO, (b) 100-p, (c) 200-p, and (d) 300-p after
crosslinking and drying.
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solvent in the gas phase can then be calculated by the ideal gas equa-
tion:

PV=nRT (2)

where P is the vapor pressure from Equation (1) (Pa), V is the volume of
the sealed container minus the initial PSO and pentanone volumes (m3),
n is the amount of the gas (mol), R is the ideal gas constant (8.314 J/
mol·K), and T is the absolute temperature of the gas (K). The amount of
gaseous pentanone in the sealed container can be obtained by Equation
(2), and thus the amount of the solvent left in the crosslinked samples
can be calculated, and the results are shown in Table 1. As shown in
Table 1, the actual solvent volume within the mixture at 120 °C relative
to the PSO volume is 89.77%, 188.45%, and 288.01% for the 100-p,
200-p, and 300-p samples, respectively. Although some solvent eva-
porates into the vapor phase during the crosslinking, most of the solvent
is kept in the mixtures, so the decrease of the solvent amount is neg-
ligible for all of the samples.

The amount of pentanone remaining within the solvent-containing
samples after aging, calculated by comparing the masses before and
after aging, are 21.98 ± 3.59 wt%, 29.40 ± 3.07 wt%, and
30.99 ± 3.67 wt% for the 100-p, 200-p, and 300-p samples, respec-
tively. However, it is unclear whether pentanone is trapped between the
polymer chains or crosslinked with the polymer molecules. To answer
this question, the TGA data of the crosslinked samples are shown in
Fig. 2. There is no mass loss when the temperature is lower than 300 °C
for the pure PSO. However, there is about 10% mass loss for the pen-
tanone-containing samples between 100°C and 300 °C. This must be due
to the evaporation of the solvent because the boiling point of 3-pena-
none is 102 °C. It also confirms that pentanone is trapped in the polymer
and not crosslinked with the polymer. Fig. 2 further shows that the
mass loss of the pentanone-containing samples is about 10% at 300 °C,
lower than the total solvent content remaining in the aged green body.
Therefore, there should still be some solvent trapped within the samples
after the free pentanone evaporation. It is also worth noting that the
100-p sample shows the largest mass loss between 400°C and 600 °C;
this phenomenon will be explained later.

Fig. 3 shows the FT-IR spectra of the crosslinked PSO with and
without pentanone. Both the pure PSO and 300-p samples (FT-IR curves
for the other samples are omitted for brevity) show sharp peaks at
approximately 695, 715, 740, 1130, 1426, and between 3000 and
3100 cm−1 wavenumber (Fig. 3(a)), which are characteristic of the
phenyl side group in the base PSO. A peak at 1260 cm−1 wavenumber
corresponds to the methyl side group, a broad peak between 1000 and
1100 cm−1 wavenumber can be assigned to Si-O-Si, and the peaks be-
tween 2868 and 2960 cm−1 correspond to CHx bonds [18,19]. The
solvent presence during crosslinking does not affect the chemical
bonding or crosslinking behavior of the PSO polymer. In Fig. 3(b),
however, as the pentanone content increases, a peak at 1710-
1720 cm−1 wavenumber becomes more obvious, which is characteristic
of the carbonyl functional group [20]. Since there is no carbonyl group
in the base PSO, it must come from the 3-pentanone solvent. This means
that some pentanone is trapped in the PSO polymer during the cross-
linking as already discussed.

3.2. Shrinkage and ceramic yield

All the samples are intact and show good shape retention after the
pyrolysis. The volume shrinkage and ceramic yield for the samples after
pyrolysis are shown in Table 2. The volume shrinkages for all of the
samples are in the range of 24.25%–53.52%. At the same pyrolysis
temperature, as the solvent content increases, the volume shrinkage
slightly decreases (except for the 100-p samples). This is mainly be-
cause of the pores created by the solvent evaporation and decomposi-
tion during the pyrolysis. As a result, higher solvent content leads to
less shrinkage (except for the 100-p samples). However, the volume
shrinkages of the 100-p samples are much lower. This is because these
samples expand in the thickness direction and shrink in the lateral di-
rection. All the other samples shrink in all directions.

There are two reasons for the thickness expansion of the 100-p
samples. The first is likely due to the uneven distribution of the solvent.
During the crosslinking process, the pentanone volume percent is
89.77% in the 100-p sample; the PSO chains are coiled and not mixed
evenly with pentanone. During aging, the unevenly distributed solvent
evaporates non-uniformly and leads to pores and/or cracks. The other
reason could be insufficient crosslinking. The mixture of the solvent and
polymer is probably a two-phase system. So, the PSO crosslinks more
thoroughly in some regions but not in others. Cracks, pores, and non-
uniform crosslinking can cause the samples to expand in the smaller
dimension direction.

The ceramic yields for the samples are 48.18%–72.43%. At the same
solvent content, the ceramic yield decreases with the temperature in-
crease. This could be understood as follows: during the pyrolysis of the
preceramic at 1100°C-1400 °C, the following reactions take place
[21–23]:

2SiOC → SiO2(amorphous) + SiC(β) + C(graphite) (3)

SiO2(amorphous) + 3C(graphite) → SiC(β) + 2CO↑ (4)

Equation (3) represents the SiOC phase separation into amorphous
SiO2, SiC(β), and free carbon, and Equation (4) indicates that

Table 1
Theoretically calculated solvent remaining in the crosslinked samples.

Sample 100-p 200-p 300-p

Original solvent content/vol% 100 200 300
Value of V in equation 2/mm3 88944.5 84174.5 79404.5
Calculated gas amount/mol 0.00462 0.00437 0.00412
Solvent content after crosslinking/vol% 89.77 188.45 288.01

Fig. 2. TGA and dTG results of the pure PSO and solvent-containing samples.

Fig. 3. FT-IR spectra of the pure PSO and pentanone-containing samples after
crosslinking.
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carbothermal reaction occurs between SiO2 and free carbon, producing
SiC(β) and CO gas. For the base PSO, higher pyrolysis temperatures lead
to more SiC formation and CO release [23]. At the same pyrolysis
temperature, an increase in the pentanone content results in a decrease
in the ceramic yield (except for the 100-p samples). This is under-
standable in light of the carbon-enhancing effect from pentanone. More
pentanone content leads to more free carbon during pyrolysis, and more
carbon formation in general leads to a lower ceramic yield [8].

The ceramic yield for the 100-p samples is consistent with the TGA
data shown in Fig. 2. It also indicates that there are uncrosslinked
polymer chains in the 100-p sample. These uncrosslinked chains de-
compose and give off gaseous species, which in turn leads to the lower
ceramic yield.

Additionally, the pure PSO samples have the highest yield. This is
because PSO is a single-phase system and the polymer chains are more
likely to crosslink and convert into ceramics. The 100-p samples contain
unevenly dispersed pentanone, so the mixture is likely a two-phase
system and has lower thermal stability during pyrolysis. For the 200-p
and 300-p samples, the PSO molecules can fully expand in the solvent
and the phase conversion is not compromised.

The bulk density of the SiOC samples after pyrolysis ranges from
1.05 g/cm3 to 1.84 g/cm3 as shown in Table 3. The 100-p samples show
significant bulk density differences from the other samples, with much
lower bulk densities and higher open porosities. This is mainly because
of the solvent's influence during the crosslinking and aging. Since the
solvent volume is the same as the PSO volume in the 100-p sample, it is
difficult to mix them thoroughly. Therefore, pentanone molecules are
trapped but not uniformly distributed. The resulting defects cause un-
even expansion in the thickness direction during the pyrolysis and thus
lower bulk density.

The generally lower porosity for the 200-p and 300-p samples can
be understood as follows: pentanone and PSO mix uniformly, but the
molecular volume of pentanone is 0.18 nm3. Thus, it could create tiny
pores during crosslinking. During aging, these pores experience a ca-
pillary pressure P, depending on the solvent surface tension γ, pore
radius r, and contact angle θ [24]:

=P γ cos θ
r

2 ( )
(5)

The surface tension of pentanone is 24.7mN/m [25], so the pore
radius should be 0.35 nm if a spherical pore shape is assumed. There-
fore, the high surface tension and small pore radius would cause a high
capillary pressure during drying, making the pores more likely to col-
lapse and leading to low porosity after pyrolysis.

The pentanone molecules trapped in the green body after aging
could decompose during pyrolysis and produce CO, CH3, and C2H4 [26].
Two CH3 radicals can react to form methane, ethylene, and hydrogen
[27].

→ ↑ + + ↑CH CH COCH CH CO CH C H23 2 2 3 3 2 4 (6)

→ ↑ + ↑ + ↑CH CH C H H2 3 4 2 4 2 (7)

Therefore, the decomposition of pentanone during pyrolysis can
create pores in the samples. The porosity of the 300-p sample is higher
because of the higher solvent content in the samples.

3.3. Phase evolution

As shown in Fig. 4(a), all the XRD patterns have an amorphous SiO2

halo at ∼22° [28], and a broad peak at ∼43°, the latter can be assigned
to disordered carbon of a turbostractic structure [28–31]. According to
the height of the peak, the amount of Cfree is generally proportional to
the solvent content at 1100 °C. This can be explained based on the
decomposition of the solvent.

Comparing Fig. 4(a) and (b), for the pure PSO samples, the XRD
patterns at 1100 °C and 1200 °C both show an amorphous structure with
only the presence of the SiO2 halo and carbon diffraction peak, which
means that the phase separation is yet to happen. This is consistent with
the earlier report that the phase separation of PSO occurs at
1200–1300 °C [32,33]. However, for the solvent-containing samples,
with the pyrolysis temperature increase to 1200 °C, diffraction peaks at
35.5°, 60°, and 72° appear, corresponding to the (111), (220), and (311)
crystallographic planes of β-SiC [19]. This means that the phase se-
paration in the solvent-containing samples takes place between 1100°C
and 1200 °C, which is obviously earlier than that of the pure PSO
sample. Furthermore, the amount of β-SiC in the solvent-containing
samples is proportional to the solvent content, proving that the SiC
crystallization is influenced by the solvent amount and thus carbon
content. Carbon content accelerates the onset of the SiC crystallization
[34]. Increasing the pyrolysis temperature further results in more in-
tense β-SiC peaks, consistent with previous studies of SiOC systems
[35–37].

To better understand the β-SiC formation, all of the XRD peaks (23°,
35.6°, 43°, 60°, and 72°) were fitted using Pearson VII distributions, and
the percentages of the integrated area of the SiC peaks (35.6°, 60°, 72°)
compared to the total peak area for each sample at different pyrolysis
temperatures are shown in Fig. 5. According to Fig. 5, at a pyrolysis
temperature of 1200 °C, the SiC content is proportional to the solvent
content. At 1300 °C, the SiC contents of the solvent-containing samples

Table 2
Shrinkage and ceramic yield of the pure PSO and pentanone-containing samples.

Sample Volume shrinkage (%) Ceramic Yield (%)

1100 °C 1200 °C 1300 °C 1400 °C 1100 °C 1200 °C 1300 °C 1400 °C

PSO 53.46 ± 2.23 50.76 ± 1.32 52.76 ± 0.80 53.52 ± 1.71 69.35 ± 0.12 70.43 ± 0.47 68.43 ± 0.17 67.04 ± 0.90
100-p 25.31 ± 1.24 27.36 ± 3.08 24.25 ± 1.33 28.20 ± 2.32 52.46 ± 0.64 55.71 ± 1.14 49.94 ± 2.41 48.18 ± 1.38
200-p 45.55 ± 0.12 48.57 ± 0.84 46.79 ± 1.66 48.10 ± 1.55 72.43 ± 0.29 71.62 ± 1.20 71.63 ± 0.75 67.18 ± 2.28
300-p 32.60 ± 0.12 46.07 ± 1.50 43.51 ± 3.29 47.30 ± 2.26 64.03 ± 0.64 70.67 ± 0.46 63.16 ± 0.17 65.54 ± 0.96

Table 3
Bulk density and open porosity of the PSO and pentanone-containing samples.

Sample Bulk density (g/cm3) Open porosity (%)

1100 °C 1200 °C 1300 °C 1400 °C 1100 °C 1200 °C 1300 °C 1400 °C

PSO 1.80 ± 0.01 1.84 ± 0.02 1.75 ± 0.04 1.70 ± 0.03 5.11 ± 0.56 5.05 ± 0.34 8.77 ± 1.70 9.60 ± 0.76
100-p 1.05 ± 0.03 1.09 ± 0.05 1.05 ± 0.07 1.07 ± 0.05 24.72 ± 4.16 31.37 ± 1.46 31.69 ± 4.11 30.72 ± 2.20
200-p 1.74 ± 0.01 1.76 ± 0.01 1.78 ± 0.01 1.66 ± 0.05 0.92 ± 0.27 1.00 ± 0.19 4.90 ± 0.74 6.47 ± 1.17
300-p 1.60 ± 0.03 1.70 ± 0.01 1.58 ± 0.02 1.67 ± 0.02 7.98 ± 1.51 4.95 ± 0.29 9.95 ± 0.13 6.00 ± 0.98
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are almost the same but all higher than that of the pure PSO. At 1400 °C
pyrolysis temperature, the SiC content is the highest for the 100-p
sample while the other three samples have almost the same SiC content.

The different trends in the SiC formation can be explained as fol-
lows. The pure PSO sample is composed of a Si-O-C glassy matrix with
free carbon homogenously dispersed and embedded inside the matrix
[38]. With the temperature increase, the SiOC phase separates into a
more stable SiO2 glassy matrix, amorphous SiC, and highly disordered
graphite-like carbon [5,38]. The amorphous SiOC may crystallize by
two routes [5]: phase separation (Equation (3)) and carbothermal re-
duction (Equation (4)). The phase separation leads to no mass loss, but
the carbothermal reaction causes more mass loss because of the fugitive
CO gas.

At a pyrolysis temperature of 1200 °C, the 300-p sample has the
most SiC content. However, there is no obvious difference in the
ceramic yield between the PSO and 300-p samples (shown in Table 2).
Therefore, carbothermal reduction is not the pathway for the β-SiC
formation. The carbon produced by the solvent decomposition

facilitates and accelerates the β-SiC formation. When the temperature is
1300 °C, most β-SiC results from the phase separation but the extra
carbon is still involved in the SiC formation, so the solvent-containing
samples show more SiC than the pure PSO sample (Fig. 5). The SiC
percent trend is reversed when the temperature reaches 1400 °C. This is
because the presence of turbostratic carbon can act as a physical barrier
between the SiC nuclei and the amorphous SiOC phase to hinder further
phase separation of the SiOC [7,8,23,37].

Among the solvent-containing samples, the 100-p sample always
shows the most β–SiC content increase between each temperature in-
terval. This is mainly because the 100-p sample has the highest open
porosity. SiC nanowires have been observed in the pores, consistent
with previous studies showing that nanowires form via a gas-gas re-
action when adequate reactant gases are supplied [39–41]; this is a
likely explanation of the significant nanocrystalline SiC formation in the
100-p sample at 1400 °C [42]. The porous structure can provide enough
space for gas diffusion and SiC nanorod formation [43–46]. In this
work, the SiO gas could be created according to Equation (9) because of
the carbon provided by pentanone decomposition. β-SiC can be ob-
tained from the pentanone decomposition following Equation (10).

SiO2(s) + C(s) → SiO(g) + CO(g) (9)

SiO(g)+3CO(g) → β-SiC(s) + 2CO2(s) (10)

To further understand the phase separation, the microstructures of
the PSO and 200-p samples pyrolyzed at 1200 °C and 1400 °C are shown
in Fig. 6. The samples pyrolyzed at 1400 °C shows more texture than
those at 1200 °C. At the same temperature of 1200 °C, the 200-p sample
shows more texture. Even though the texture is not a direct indication
of crystallite sizes, this could signify that the phase separation is more
aggressive at higher temperatures and at higher solvent contents. These
are consistent with the results in Fig. 4.

4. Conclusions

A polysiloxane crosslinked with different pentanone concentrations
has been investigated in order to understand the influence of the sol-
vent on the microstructural evolution of the resulting bulk SiOC cera-
mics. The pentanone added before crosslinking can be trapped in the

Fig. 4. XRD patterns for different solvent amount samples after pyrolysis at (a) 1100 °C, (b) 1200 °C, (c) 1300 °C, and (d) 1400 °C.

Fig. 5. XRD area percent of SiC for the pyrolyzed samples.
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green body after drying and subsequently impact the pyrolysis behavior
of the polymer. For the samples crosslinked with a low amount of
pentanone, the pyrolyzed SiOC experiences more mass loss during
pyrolysis and has a drastically increased open porosity of
24.72%–31.69%. At pentanone concentrations of ≥200 vol%, the
ceramic yield, linear shrinkage, and open porosity values more closely
resemble those of the sample without any solvent, but the solvent
samples form SiC at pyrolysis temperatures lower than for the sample
crosslinked without pentanone. The preferential SiC formation is shown
to be directly dependent on the pentanone concentration and is at-
tributed to pentanone and its decomposition products, which increase
the carbon content within the SiOC ceramics. The accelerated SiC for-
mation caused by the solvent is more prominent at lower pyrolysis
temperatures (≤1300 °C). At a higher pyrolysis temperature of 1400 °C,
SiC formation decreases with increasing solvent content. The ability to
adjust the SiC content and formation temperature within SiOC ceramics
by simply controlling the solvent concentration during crosslinking is a
novel and simple approach that can be used in applications requiring
bulk SiOC.
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