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Abstract Porous SiC/SiO,/C composites exhibiting a
wide range of high thermal and electrical conductivities were
developed from carbonized wood infiltrated with SiO,. As a
pre-treatment, the samples were either heated at 100 °C or
kept at room temperature followed by sintering in the tem-
perature range 1200-1800 °C. The microstructure, the
morphology, and the electrical and thermal conductivities of
the composites were investigated. Pre-treatment at room
temperature followed by sintering up to 1800 °C produced
composites exhibiting a greater size of carbon crystallites, a
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higher ordering of the microstructure of carbon and f-SiC
and a smaller amount of SiO,, resulting in electrical and
thermal conductivities of 1.17 x 10* Q' m™'and 25 W/mK,
respectively. The thermal conductivity could be further
improved to 101 W/mK by increasing the density of the
composite to 1.82 g/cm>. In contrast, the pre-treatment at
100 °C produced composites possessing a lower thermal
conductivity of 2 W/mK.

Introduction

Carbonized wood is an important material possessing a
variety of properties and functions that depend on the
carbonization process or heat treatment conditions. The
microstructure and pore structure of carbonized wood are
determined by heat treatments. The predominant structure
is turbostratic [1] with pores existing between the ele-
mentary graphite crystals [2]. The porous structure in
carbonized wood plays an important role in the infiltration
of liquid and gas phase chemicals during manufacturing
engineering materials such as lignocelluloses ceramics.

In recent years, the reaction of carbonized wood with
SiO, to generate silicon carbide (SiC) has attracted much
interest [3—6], motivated by the fact that carbonized wood
is a natural material and the production of SiC does not
involve very high temperatures. SiC exhibits high strength,
good thermal conductivity, heat-resistance, and low density
(~2.3 glem®). It has been widely used in applications
ranging from high power electronics to lightweight
spacecraft components [7, 8]. Considering its manufactur-
ing process and thermal properties, SiC composites pro-
duced from carbonized wood are potential candidates for
thermal conductive applications in solar power satellites
(SPS).
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Some common methods used to convert carbonized
wood into SiC are solid—solid reaction [4], gas phase
infiltration [5], liquid phase infiltration [7], and sol-gel
method [9]. Although a solid—solid reaction in a mixture of
SiO, powder and carbonized wood is a simple and con-
venient method, it is difficult to obtain a uniform distri-
bution of SiO,, which leads to a lack of uniformity of SiC
in the resulting composite. In the sol-gel method, SiO,
liquid is infiltrated into carbonized wood in vacuum fol-
lowed by a heat treatment at 100 °C. SiC crystals are
uniformly distributed during sintering in a gas—solid
reaction.

In this study, a simple method was developed to convert
carbonized wood into SiC by infiltration of ethylsilicate-40
followed by a pre-treatment step, involving heating at
100 °C or maintaining the sample at room temperature, to
cause the SiO; to be in a liquid or solid phase, respectively.
These pre-treatments caused gas—solid and solid—solid
reactions to occur during sintering, resulting in SiC/SiO,/C
composites with different electrical and thermal conduc-
tivities. The effect of these pre-treatment methods on the
crystal structure, the morphology, and the electrical and
thermal conductivities of the composites was investigated.
The structure and morphology were analyzed by X-ray
diffraction, Raman spectroscopy, and scanning electron
microscopy. Chemical bond analysis on the composite was
made by X-ray photoelectron spectroscopy. The electrical
and thermal conductivities were measured by a four-probe-
method and a laser flash method, respectively.

Experimental procedure

Sugi (Cryptomeria japonica) wood particles were heated at
a rate of 4 °C/min up to 700 °C in a laboratory scale
electric furnace. The particles were held at 700 °C for 1 h
under a N, gas flow of 100 mL/min. The resulting car-
bonized wood was then granulated using a blender and
sieved to yield particle sizes of 45-150 pm. A silica
solution was prepared by diluting ethylsilicate-40 (Colcoat,
Japan) with ethyl alcohol to obtain a 15% SiO, concen-
tration by weight. The carbonized wood was submerged in
the silica solution and held under a vacuum of 1 kPa for
90 min. In order to produce morphological differences in
the SiC/SiO,/C composite, some of the carbonized wood
infiltrated with ethylsilicate-40 were heat-treated at 100 °C
in an electric oven (denoted as HT100), and some were
simply kept at room temperature until it dried (denoted as
NHT). The final SiO, content calculated by the molar ratio
was found to be 50% based on the dry charcoal weight. A
dry weight of 1 g of carbonized wood infiltrated with SiO,
was then placed into a 10 mme-internal-diameter graphite
die with a length of 5 cm equipped with two graphite
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punches with a total length of 4.5 cm. Graphite punches
with a total length of 5 cm were used to obtain higher
density porous SiC/SiO,/C composites. To evaluate the
effect of sintering temperature, porous SiC/SiO,/C com-
posites prepared with HT100 and NHT, hereafter denoted
as SiC/SiO,/C (HT100) and SiC/SiO,/C (NHT), were
heated to 1200, 1400, 1600, and 1800 °C at a rate of
250 °C/min with a holding time of 30 min under a pressure
of 15 MPa and a N, gas flow of 1 L/min using a pulse
current sintering device (VCSP II, SS Alloy, Hiroshima).
The 5-mm-thickness samples obtained were cut into discs
with a thickness of approximately 0.8 mm.

X-ray diffraction (XRD, Rigaku-RINT-ultra X18) at
45 kV and 200 mA was used to determine the crystalline
phase formed during sintering. The data were collected as
continuous scans, with a step size of 0.02° 26 and a scan
rate of 1° 20/min between 10 and 90° 20. The bulk samples
were analyzed without powdering since a random orien-
tation of crystallites was assumed to be already present
[10]. The full-width at half-maximum (FWHM) data and
peak angles of the {002} and {100} were used in the
Scherrer equation to determine the average crystallite
thickness and diameter [11]

KA

L= (B cos 0) m
where ¢ is the crystallite dimension, 4 is the XRD wave-
length, 20 is the scattering angle (in radians), B is the
FWHM (in radians of theta), and k is a constant. For the
turbostratic crystallites as dimension perpendicular to
the graphene sheets (L.), {002} data were used with
equals to 0.9, while for the in-plane dimension (L,), {100}
data were used with x equals to 1.84.

The microstructure of the samples was analyzed using
Raman spectroscopy (Renishaw inVia) with an air-cooled
CCD detector. An argon laser with a wavelength of
514.5 nm was used as an excitation source. The spectra
were measured in the 600—1,800 cm ™' range. Seven 10-s
accumulations were collected to give an adequate signal-
to-noise ratio. The wave number was calibrated using the
520 cm ™! line of a silicon wafer. Spectral processing was
performed using WiRE 2 software.

The chemical composition analysis was performed using
X-ray photoelectron spectroscopy (XPS, Shimadzu/Kratos).
The samples were placed on double-sided adhesive-carbon
tape mounted on a sample holder. XPS spectra were obtained
using non-monochromatic MgKo radiation (1,253.6 eV),
the source of which was operated at 15 kV and 10 mA. The
vacuum pressure during analysis was lower than
2.0 x 1077 Pa. High resolution scans were performed at
40 eV pass energy for the C-1s, O-1s, and Si-2p spectra. The
binding energy scale was corrected by referring to the
polyaromatic peak in the C-1s spectrum being 284.6 eV.
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Shirley was subtracted from the C-1s, O-1s, and Si-2p
spectra. The Gaussian—Lorentzian mode function was used
for curve fitting of the spectra.

The morphology of the composites was observed using
scanning electron microscopy (SEM, JEOL-JSM-5310).
The samples were observed directly without any coating.
Transmission electron microscopy (TEM, JEOL-JEM-
2100F), equipped with electron energy-loss spectroscopy
(EELS, GATAN) was performed to observe the micro-
structure and chemical composition on a SiC/SiO,/C
(HT100) sample sintered at 1600 °C. Thin samples for
TEM were prepared by a SEM-FIB (JEOL-JIB4500).
Tungsten was used to protect the surface of the sample, and
a 30 kV Ga ion beam was used in the preparation of the
thin sample.

The electrical conductivity at room temperature was
measured by a four-probe-method (Loresta HP MCP-
T410). The thermal diffusivity («) and the specific heat
(Cp,) were measured at room temperature by the laser flash
method using a thermal constant analyzer (Ulvac, TC-
7000H). The thermal conductivity (Kt) was calculated by
the following equation:

Kr= pC,a (2)

where p is the bulk density of the specimen (g/cm?), Cpis
specific heat ((J/g)/K), and o is the thermal diffusivity (mz/ S).

Results and discussion

The XRD patterns of porous SiC/SiO,/C (HT100) and SiC/
Si0,/C (NHT) prepared at different sintering temperatures
are shown in Fig. la, b. Major diffraction peaks are
observed at around 20 = 14 and 17°, corresponding to the
SiO, crystal phase, around 20 = 26, 44, and 79°, corre-
sponding to the (002), (101), and (110) turbostratic carbon
phase, respectively, and around 20 = 35, 42, 60, and 72°,
corresponding to the (111), (200), (220), and (311) reflec-
tions of the cubic 5-SiC phase [12-14]. The shoulder on the
(111) reflection is associated with stacking faults (labeled
sf) [15]. The intensity of the f-SiC peaks both in the SiC/
SiO,/C (HT100) and SiC/SiO,/C (NHT) samples showed
little dependence on sintering temperature. In the case of
SiC/SiO,/C (NHT) composite, a large f(-SiC peak was
found at sintering temperature of 1400 °C.

Figure 2a, b shows carbon structural changes in the
composites as a function of sintering temperature. Both the
crystallite mean layer diameter (L,) and height (L.)
increased as the sintering temperature was increased.
Moreover, L, and L. were found to be larger in the SiC/
Si0,/C (NHT) composites than in the SiC/SiO,/C (HT100)
composites. This is an interesting finding, and may possibly
be explained by the presence of liquid and solid SiO,
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Fig. 1 X-ray diffraction patterns of porous SiC/SiO,/C composites
prepared by a HT100 and b NHT at different sintering temperatures.
(@) C, (W) B-SiC, (A) SiO,. Note: SiC/SiO,/C (HT100), SiC/SiO,/C
prepared by a heat treatment of carbonized wood infiltrated with
ethylsilicate-40 at 100 °C; SiC/SiO,/C (NHT), SiC/SiO,/C prepared
with no heat treatment by keeping carbonized wood infiltrated with
ethylsilicate-40 at room temperature

phases in the SiC/SiO,/C (HT100) and SiC/SiO,/C (NHT)
composites, respectively. During sintering of the SiC/SiO,/
C (HT100) composite, SiO, (liquid) reacts with carbonized
wood to generate SiO gas, which then infiltrates the wood
to form f-SiC. It is believed that the presence of f-SiC in
the interior of the wood may suppress the growth of carbon
crystallites. In the case of the SiC/SiO,/C (NHT) com-
posite, the SiO, (solid) reacts with carbonized wood to
produce f-SiC only at the interface. Therefore, during
sintering, larger carbon crystallites can be formed in the
inner regions of carbonized wood particles. The increase of
L, and L. may be due to an increased average number of
graphene sheets per turbostratic crystallite or a narrower
distribution of graphene sheet spacing [16].

Figure 3a shows Raman spectra where a single peak
appears at around 783-794 cm™', corresponding to the
transverse optic (TO) phonon mode of cubic f-SiC [8, 17,
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Fig. 3 Raman spectra in the ranges of 600-900 and 1100-1800 cm ™'
of porous SiC/SiO,/C composite prepared by a HT100 and b NHT at
different sintering temperatures. 7O transverse optic, D disorder, G
graphite. The meaning of SiC/SiO,/C (HT100) and SiC/SiO,/C
(NHT) is the same as those in Fig. 1

18]. A large TO peak was found at sintering temperature of
1200 °C both in the SiC/SiO,/C (HT100) and SiC/SiO,/C
(NHT) samples indicating the formation of f-SiC. The
FWHM of this peak, which provides information on the
characteristics of the f-SiC crystals, is plotted against
sintering temperature in Fig. 4a. For SiC/SiO,/C (HT100),
the FWHM decreases with increasing sintering temperature
from 1200 to 1600 °C, and then increases from 1600 to
1800 °C. By contrast, for SiC/SiO,/C (NHT), the FWHM
decreases slightly as the sintering temperature is increased.
Narrowing of the TO peak in SiC/SiO,/C composites is
related to ordering of the f5-SiC crystals [17]. In the case of
SiC/Si0,/C (NHT), it is suggested that a solid—solid
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form f-SiC during pulse current sintering due to the
availability of SiO,, resulting in a comparable amount of
ordering of the f-SiC crystals in composites sintered at
different temperatures. In the case of SiC/SiO,/C (HT100),
the gas—solid reaction of SiO and carbonized wood which
produces f-SiC is difficult to control by this method, and
B-SiC is formed with less ordering in the crystal structure.
Figure 3b shows the Raman spectra of SiC/SiO,/C
(HT100) and SiC/SiO,/C (NHT), exhibiting broad D and G
bands at around 1349-1357 and 1582-1589 cmfl,
respectively, attributed to carbon material with a turbost-
ratic structure [1]. The D-band is associated with the dis-
ordered structure of turbostratic carbon while the G-band
corresponds to crystallite vibration [19]. The FWHM of the
D and G bands, as shown in Fig. 4b, c, corresponds to the
degree of order in the carbon microstructure. Its value was
found to be smaller for SiC/SiO,/C (NHT) than for SiC/
Si0,/C (HT100), and in both cases decreased with
increasing sintering temperature. Narrowing of the D- and
G-band corresponds to an improvement in the carbon
microstructure during sintering. As discussed previously,
the HT100 and NHT pre-treatments gave rise to different
phases of SiO, promoted by gas—solid and solid—solid
reactions, respectively. A gas—solid reaction may cause
infiltration of SiO gas into carbonized wood leading to less
ordering of the carbon microstructure in addition to less
growth of carbon crystallites, as was seen from the XRD
analysis. On the other hand, a solid—solid reaction at the
interface between SiO, and carbonized wood causes an
increased amount of ordering of the carbon microstructure
and larger carbon crystallites, leading to a good correlation
between the Raman spectroscopy and XRD results.
Figure 5 shows the Si-2p spectra obtained by XPS
analysis from SiC/SiO,/C (HT100) and SiC/SiO,/C (NHT)
samples sintered at 1200, 1600, and 1800 °C, respectively.
The Si-2p can be analyzed on the basis of a component at
100.8 eV that can be assigned to Si—C bonds and another
component at 103.5 eV that can be assigned to Si—O bonds
[20]. Thus XPS provides evidence of the concentration of
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Fig. 5 Si-2p spectra of porous SiC/SiO,/C composite prepared by
a HT100 and b—c NHT as a function of sintering temperature showing
the peaks relevant to SiO, and SiC. The meaning of SiC/SiO,/C
(HT100) and SiC/SiO,/C (NHT) is the same as those in Fig. 1

SiC and SiO; in the composite. The formation of f-SiC
was most efficient at 1200 °C in SiC/SiO,/C (NHT) sam-
ples with a density of 1.1 g/cm® as shown in Fig. 5b. The
same evidence was found by the strong TO peak in the
Raman measurements for this sample, as shown in Fig. 3b.

Temperature (°C)

SiC/Si0,/C (NHT) samples with a density of 1.8 g/cm3
prepared by applying an extra pressure of 15 MPa during
sintering also showed the formation of fS-SiC both on
samples sintered at 1600 and 1800 °C, but to a lesser
extent. Probably, the formation of f-SiC has been sup-
pressed by this increase in pressure during sintering as
result of an increased stability of silica and carbon [21]. A
higher temperature is required to bring about the reaction
between crystalline silica and carbon.

The results of the chemical bond analysis performed by
XPS are put together in Table 1. As discussed previously,
the Si—C bond in silicon carbide and the Si—O bond in silica
(SiO,) can be analyzed based on the Si-2p peak, while the
C-1s peak can be analyzed into components corresponding
to C—C or C-H, and four other components occurring at
higher binding energy which can be assigned to C-O, C=0,
O—C=0 and the plasmon peak [20, 22]. The C-C bond was
the main component on the C-1s peak that increased with
temperature from 1200 to 1600 °C, then decreased to
1800 °C, except on the SiC/SiO,/C samples with a density
of 1.8 g/lem®. As discussed previously, at sintering tem-
perature of 1200 °C f-SiC was more formed in the SiC/
Si0,/C (NHT) sample, supported by the XPS result and the
Raman spectroscopy.

Figure 6a, b shows SEM images of porous SiC/SiO,/C
(HT100) and SiC/SiO,/C (NHT) sintered at different
temperatures. In the case of SiC/SiO,/C (HT100), a large
number of SiC rods exist inside the voids on the surface of
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Table 1 Analysis of the chemical bonds of porous SiC/SiO,/C composites from XPS experiments

Temperature (°C) p (g/cm3) Si-2p (at.%) C-1s (at.%) O-1s (at.%)
Si-C Si-O C-Si c-C Cc-0 C=0 0-C=0 Plasmon
C-H C-OH
Binding energy (eV) 100.8 103.5 282.4 284.6 285.7 289.1 289.3 292.3
SiC/SiO,/C(HT100)
1200 1.1 4.6 6.6 30.1 332 8.8 2.5 7.5 2.9 3.8
1600 1.1 0.4 0.3 3.7 63.0 15.1 5.4 2.3 4.2 5.6
1800 1.1 0.5 0.2 2.5 53.2 19.5 8.6 22 6.7 6.5
SiC/SiO,/C(NHT)
1200 1.1 43 0.8 30.0 33.1 14.5 5.1 29 7.3 2.0
1600 1.1 1.4 0.8 5.7 59.9 12.1 4.0 1.8 8.3 6.1
1800 1.1 04 0.3 20.1 454 18.5 5.1 1.9 5.0 3.3
1600 1.8 0.8 14 17.9 40.7 3.6 23.2 2.3 33 6.8
1800 1.8 1.5 0.5 6.2 60.8 16.9 44 2.3 2.8 52

the carbonized wood particles, as indicated by arrow A in
Fig. 6a. These rods were grown via a vapor-liquid—solid
mechanism that has been discussed in previous papers [9,
12, 23]. During the sintering, chemical reactions occurred
between gaseous SiO and CO providing transport for the
carbon and silicon needed for the growth of the SiC rods.
The SiO gas was produced by the reaction between SiO,
(in liquid phase) and carbonized wood as discussed pre-
viously. In the case of SiC/SiO,/C (NHT), spherical SiO,
particles are distributed over the surface of the carbonized
wood particles, as indicated by arrow B in Fig. 6b. It
appears that during sintering at temperatures from 1200 to
1600 °C, the solid phase SiO, layer on the surface of
carbonized wood particles melted to form spherical parti-
cles. In addition, reaction between the melted SiO, and
carbonized wood to form f-SiC occurred at the interface
area, in accordance with previous reports [6, 24].

The higher magnification SEM images seen in Fig. 7a, b
clearly show the morphological differences between SiC/
Si0,/C (HT100) and SiC/SiO,/C (NHT) samples. Since the
reaction to form f-SiC is thought to involve SiO gas, a
smooth surface of carbonized wood particles was found in
the SiC/SiO,/C (HT100) composite, as shown by arrow A
in Fig. 7a. By contrast, thick, rough layers of f-SiC and
SiO, covered the residual carbon in SiC/Si0O,/C (NHT), as
shown in Fig. 7b. It is suggested that the SiO, layer that
covered the carbonized wood melted and reacted with the
wood at the interface to form -SiC. In the case of samples
sintered at temperatures in the range 1200-1600 °C, large
amounts of SiO, solidified during the cooling and formed
the thick, rough layers of SiO, reacting with carbonized
wood to form S-SiC only at the interface. Morphology of
the composite was changed at 1800 °C yielding a smoother
surface as shown in Fig. 7b. The SEM result on the SiC/
SiO,/C (NHT) samples supported the XPS analysis that
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showed that less f-SiC formation occurred with the
increase of sintering temperature, especially sintering at
1800 °C.

Figure 8 shows the TEM image of a SiC/SiO,/C
(HT100) sample sintered at 1600 °C, which reveals that
B-SiC was formed in the interior of carbonized wood. The
SiO gas that is produced from the reaction of SiO, (liquid)
and carbonized wood, infiltrates into a carbonized wood
particle and forms f-SiC.

Figure 9a, b shows higher magnification SEM images of
SiC/SiO,/C (NHT) with a density of 1.8 g/cm3 (denoted as
HD) sintered at 1600 and 1800 °C. The formation of -SiC
layers is difficult to distinguish in the HD sample sintered
at 1600 °C, as shown in Fig. 9a. More obvious are the
spherical SiO, particles distributed over the surface of
carbonized wood. In the case of a HD sample sintered at
1800 °C, a thick layer of SiO, and f-SiC formed on the
surface of carbonized wood, as shown in Fig. 9b. The
formation of f-SiC could be detected only at the interface
of SiO, and carbonized wood as discussed previously. The
larger amount of -SiC in HD samples sintered at 1800 °C
supported the XPS analysis.

Figure 10a, b shows the electrical and thermal conduc-
tivities of SiC/SiO,/C (HT100) and SiC/SiO,/C (NHT) as a
function of sintering temperature. The thermal conductivity
(K1) in semiconductor materials such as SiC/SiO,/C
composites can be decomposed into electron (K.) and
phonon (K,,) components by using the Wiedemann—Franz
law [25] as follows:

LT
o

K. (3)
where L is the Lorenz number, T is the temperature, and p
the electrical resistivity. The Lorenz number was assumed
to be a universal constant of 2.45 x 10™% W Q/K?. Based
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on this equation, the phonon component was predominant
in the thermal conductivity of the porous SiC/SiO,/C
composites used in this study. Both electrical and thermal
conductivities increased with sintering temperature due to
an increase in the degree of structural ordering of the f-SiC
crystals [26] and carbon crystallites in carbonized wood
[27]. The effect of -SiC on the electrical conductivity
appears to be similar to that seen in a previous study where
a porous SiC composite with a high electrical conductivity
of 2.5 x 10° Q7' m~! was reported [28]. The electrical
conductivity of SiC/SiO,/C (NHT) sintered at temperatures
in the range 1200-1600 °C was much lower than that of
SiC/SiO,/C (HT100), which possessed less f-SiC and had
a lower degree of ordering. This was due to the existence of

a thick SiO, layer, which is electrically insulating [29]. The
higher electrical and thermal conductivities of 1.17 x
10* Q7! m~! and 25 W/mK were obtained for SiC/SiO,/C
(NHT) sintered at 1800 °C, due to the greater size of car-
bon crystallites, the higher degree of ordering of the
microstructure of carbon and f-SiC crystals, and the
smaller amount of SiO,. In contrast, the thermal conduc-
tivity of SiC/Si0,/C (HT100) exhibited a very low value of
only 2 W/mK at 1600 °C, due to the lesser crystallinity of
carbon and f-SiC.

Figure 11a, b shows the electrical and thermal conduc-
tivities of SiC/SiO,/C(NHT) sintered at 1600 and 1800 °C
as a function of density. A maximum value of 1.5 x
10* Q" m™ and 101 W/mK were recorded for the
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Fig. 7 Higher magnification
SEM images showing different P

type of 5-SiC in porous SiC/ ig:rtli)r;?iure
Si0,/C composites prepared by ©C)
a HT100, exhibiting smooth .
surface (arrow A) and SiC rods (i) 1600
(arrow B) grown on carbonized
wood surface; and b NHT,
exhibiting rough surface f-SiC
layer on carbonized wood
particles. The meaning of SiC/
SiO,/C (HT100) and SiC/SiO,/
C (NHT) is the same as those in
Fig. 1

Fig. 8 TEM image of SiC/SiO,/C (HT100) composite sintered at
1600 °C

composite prepared at 1800 °C with a density of 1.82 g/cm’.
The electrical and thermal conductivities of this sample
increased as a result of a greater amount of well-ordered f-
SiC indicated by the narrow TO peak with a width of
14 nm, growth of carbon crystallites with L, = 19 nm and
L. = 11 nm, and higher ordering of the carbon micro-
structure. However, in the case of SiC/Si0O,/C (NHT) sin-
tered at 1600 °C a lesser formation of f-SiC and a larger
content of SiO, occurred as shown by XPS analysis in

@ Springer

Table 1 and more or less confirmed by the SEM image in
Fig. 9a. This leads to a lesser electrical conductivity.

Conclusions

Porous SiC/Si0,/C composites with a wide range of elec-
trical and thermal conductivity were prepared using dif-
ferent pre-treatments followed by sintering at various
temperatures. Pre-treatment leading to carbonized wood
infiltrated with SiO, at room temperature followed by
sintering at 1800 °C produced porous SiC/SiO,/C com-
posites with high electrical and thermal conductivities of
117 x 10* Q"' m™" and 25 W/mK, respectively. The
thermal conductivity could be improved to 101 W/mK by
increasing the density of the composite to 1.82 g/cm?. Pre-
treatment leading to carbonized wood infiltrated with SiO,
at 100 °C followed by sintering at temperatures in the
range 1200-1800 °C  generated porous SiC/SiO,/C
composites possessing a high electrical conductivity of
1 x 10* Q7! m_l, but a low thermal conductivity of
2 W/mK due to the reduced amount of S-SiC within the
composite.

In summary, porous SiC/SiO,/C composites with a wide
range of thermal conductivity from 0.9 to 101 W/mK and a
range of high electrical conductivity of 6 x 10°-
2 x 10 Q' m™" were developed from carbonized wood.
Such high thermal conductivity composites are preferable
for effective thermal management in SPS. In the SPS, the
thermal management is required to release heat from solar
panels and microwave transmitter [30]. SiC/SiO,/C(NHT)



J Mater Sci (2010) 45:1107-1116

Fig. 9 SEM images of porous
SiC/SiO,/C (NHT) composites
with density of 1.8 g/em®
prepared at a 1600 °C
exhibiting a large number of
spherical SiO, particles on the
surface of carbonized wood
particles and b at 1800 °C. The
right images are the higher
magnification of the square
areas in the left images. The
meaning of SiC/SiO,/C (NHT)
is the same as that in Fig. 1

Fig. 10 a Electrical and

b thermal conductivities of
porous SiC/SiO,/C composites
prepared by HT100 and NHT as
a function of sintering
temperature. Solid circles SiC/
SiO,/C (HT100), open squares
SiC/SiO,/C (NHT). The
meaning of SiC/SiO,/C
(HT100) and SiC/SiO,/C (NHT)
is the same as those in Fig. 1

Fig. 11 a Electrical and

b thermal conductivities of
porous SiC/SiO,/C (NHT)
composites as a function of
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© M 10 [~
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prepared at 1800 °C will be applicable as thermal con- 3. Greil P (2001) J Eur Ceram Soc 21:105

ductive material by controlling the direction of heat flow.
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