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Abstract The oxidation behaviour of two types of SiC
powder of differing particle size and morphology distri-
bution has been studied in the present work; one
submicron-sized and the other micron-sized. It has been
observed that the onset-temperature for significant oxida-
tion of the SiC powder of smaller particle size is much
lower than that for the SiC powder of larger particle size;
namely, about 760 °C as compared with about 950 °C.
Furthermore, the rate and extent of oxidation of the former
SiC powder is much higher than that of the latter SiC
powder. Interestingly, however, the SiC powder of smaller
particle size exhibits more controllable oxidation behaviour
in the context of the preparation of SiC/mullite/alumina
nanocomposites, i.e., in terms of the extent of oxidation,
and hence the amount of silica formed as an encapsulating
outer layer and the resulting core SiC particle size, than the
SiC powder of larger particle size. The SiO, layer formed
was amorphous when the SiC powders were oxidized
below 1,200 °C, but crystalline in the form of cristobalite
when they were oxidized above 1,200 °C. Since the pres-
ence of amorphous silica can accelerate the sintering of the
nanocomposite, oxidation of the chosen SiC powder should
thus take place below 1,200 °C.
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Introduction

Silicon carbide (SiC) is a candidate material for high-
temperature structural applications because of its good
mechanical properties, as well as excellent corrosion and
oxidation resistance. Although SiC powder is processed
into dense SiC monoliths for use in various applications, it
is also used as a reinforcing agent to fabricate ceramic
composites. Since SiC or SiC-containing composites are
intended for high-temperature applications, their oxidation
behaviour is an important issue.

The oxidation behaviour of SiC can be divided into two
oxidation modes: passive and active. Passive oxidation
forms a coherent, dense SiO, layer on the surface, which
suppresses further oxidation [1]. On the contrary, active
oxidation forms gaseous SiO, which dissipates away from
the surface, promoting further oxidation; hence, the oxi-
dation becomes severe [2—4]. The temperature at which the
oxidation mode changes, from passive to active, decreases
with decreasing oxygen partial pressure. For most appli-
cations, the oxidation of SiC should be constrained within
the passive oxidation regime [5].

In the study of SiC passive oxidation at elevated
temperatures, it is generally believed that the oxidation of
SiC 1is similar to the oxidation of silicon. The oxidation
process is accomplished by the diffusion of oxygen
molecules or ions through the oxide layer [3, 4, 6, 7].
Most studies on the oxidation of SiC have focussed on
SiC films or on bulk materials. However, the oxidation of
SiC powder is also an essential step in the fabrication of
some SiC-containing composites. For example, Holz and
Claussen [8] and Wu and Claussen [9] produced com-
pacts of alumina, silica and SiC by the oxidation of
aluminium and SiC powder compacts, followed by reac-
tion sintering of the alumina and silica layers to form
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mullite. This process resulted in dense mullite/SiC com-
posites with high-strength and low-sintering shrinkage. In
another report, Sakka et al. [10] used alumina and SiC
powder mixtures to fabricate SiC/mullite/alumina nano-
composites following similar procedures. Nevertheless,
neither of these studies attempted to systematically vary
the degree of oxidation to change the composition of the
composites.

In order to produce better composites, it is often nec-
essary to optimize the amount of each phase present in the
composites. For example, in SiC/mullite/alumina compos-
ites, where the mullite is the reaction product of alumina
and silica, the amount of silica available for reaction is
determined by the degree of surface oxidation of the SiC
powder particles. Therefore, it is essential to determine the
oxidation kinetics of the SiC in the mixed powder, so that
control of the composition of the final composite is made
possible.

In this study, the oxidation behaviour of SiC particles in
SiC powders and in pressure-filtered samples of alumina-
seeded boehmite/SiC compacts was studied. Experiments
were conducted at elevated temperatures in both static and
flowing air for different times in order to determine the
degree of oxidation. These data were the basis for the
oxidation treatments used to produce the appropriate
amount of silica for the subsequent reaction-sintering of the
SiC/mullite/alumina composite material. The oxidation
behaviour of the SiC samples subjected to different thermal
cycles for different time periods was characterized using
DTA, TGA and XRD techniques. Particle morphologies
and sizes were evaluated using SEM, TEM and Laser
diffraction particle size analysis.

Experimental procedure

Two types of a-SiC powder were used. One was polishing
grade SiC (Electro Minerals Company Ltd, UK; denoted
hereafter as P-SiC) with a mean particle diameter of
4.7 ym. The other one was ultrafine SiC (Grade UF45,
H.C. Starck, Goslar, Germany; denoted hereafter as
UF-SiC) with a mean particle size of 0.2 um.

To study the oxidation of SiC particles within the SiC
powders, the two types of SiC powder were loosely laid
into alumina crucibles and spread to a depth of about
4 mm. The crucibles containing those powders were then
heated in a furnace to temperatures in the range from 800
to 1,400 °C for different time periods ranging from 2 to
14 h at a heating/cooling rate of 10 °C/min, under both
static and flowing air (flow rate of 30 cm3/min, 1 bar
pressure) conditions. The masses of the SiC powder sam-
ples before oxidation and changes in mass with oxidation
were measured.

@ Springer

To calculate the mass fraction of SiC oxidized, f, the
following equation has been derived (See Appendix A)

f=Cnm/05 (1)

where Cy, is the relative mass change after oxidation.

For studying the oxidation of SiC particles in pressure-
filtered compacts of alumina seeded boehmite/SiC com-
posite material, a compact composition of 5 wt.% alumina
seed content on the basis of total alumina content (alumina
seeds plus alumina converted from boehmite) and 20 wt.%
UF-SiC content based on the total amount of material (i.e.,
alumina seed plus boehmite and SiC) was used. For con-
venience, the compacts are denoted hereafter as BAs/
20 wt.% SiC.

Results and discussion
Effect of temperature and time on the oxidation of SiC

The TGA-DTA (Thermo Gravimetric Analysis—Differen-
tial Thermal Analysis) curves of the UF-SiC and P-SiC
powders are shown in Figs. 1 and 2, respectively. From the
DTA curve, the onset-temperature for significant oxidation
of UF-SiC is about 760 °C, which is much lower than that
for P-SiC, which is at about 950 °C; as evidenced by the
first plateau and only plateau, respectively, in the DTA
curves. This is because UF-SiC is much more reactive than
P-SiC due to its much smaller particle size, and hence large
surface area to volume ratio.

Figures 3 and 4 compare the effect of oxidation tem-
perature for a holding time of 4 h and the effect of holding
time at an oxidation temperature of 1,200 °C, respectively,
on the relative mass change and mass fraction oxidized of
the two SiC powders in static air. These data corroborate
the onset-temperatures for significant oxidation determined
from the TGA-DTA curves.
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Fig. 1 TGA-DTA traces for UF-SiC
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Fig. 3 Relative mass change and mass fraction oxidized against
oxidation temperature (for 4 h oxidation time)

It is clear, on balance, and as expected, that the mass
fraction oxidized increases as the oxidation temperature
and/or holding time increases; yet, there are nonetheless
distinct differences between the oxidation behaviour of
P-SiC and UF-SiC. For P-SiC, the mass fraction oxidized
increased with both oxidation temperature above 900 °C
(being essentially zero at 900 °C) and time, although the
maximum oxidation mass fraction was <0.4 under the
experimental conditions used. In contrast, the mass fraction
of UF-SiC oxidized at 900 °C was already 0.14, having
started oxidising at about 800 °C, with the extent of oxi-
dation increasing rapidly with temperature. At 1,200 °C,
the oxidation of UF-SiC is very fast, so that after only a 2-h
holding time, the oxidation mass fraction was 0.8. Above
1,200 °C, however, the mass fraction oxidized decreased to
about 0.65. This could, in the case of the SiC-containing
nanocomposite (see later), be due to reaction sintering

Oxidation Time Hours

Fig. 4 Relative mass change and mass fraction oxidized against
oxidation time (at 1,200 °C)

occurring simultaneously with the oxidation reaction at
high temperature, which hinders the further oxidation of
SiC [10], and/or to a change in the oxidation mechanism
and/or kinetics (which could occur in both the loose
powder and the SiC-containing nanocomposite).

Figures 5 and 6 show the relative mass change and mass
fraction oxidized versus holding time at different temper-
atures in static air for UF-SiC and P-SiC, respectively. It
can be observed that at 1,000 and 1,100 °C, the relative
mass change and oxidation mass fraction increase with
time for both UF-SiC and P-SiC. At 1,200 °C, this is not
the case for either SiC powder; for UF-SiC, after 4 h
holding time, no further mass and oxidation mass fraction
increase was observed, while for P-SiC, after about 8 h
holding time, the rate of mass change, i.e., degree of
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Fig. 5 Relative mass change and oxidation mass fraction of UF-SiC
against oxidation time
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Fig. 6 Relative mass change and oxidation mass fraction of P-SiC
against oxidation time

oxidation, decreased noticeably, producing a change in
slope. This means that the oxidation processes of both
UF-SiC and P-SiC experienced some change at 1,200 °C.

Figures 7 and 8 show the X-ray diffraction (XRD) pat-
terns for the P-SiC powder and the UF-SiC powder before
and after oxidation at different temperatures for different
times, respectively. The XRD patterns revealed an obvious
decrease in the amount of SiC and a corresponding increase
in the amount of SiO, as the oxidation temperature
increased. For P-SiC, at 1,200 °C (after 10 h oxidation)
and above, the SiO, formed is cristobalite. For UF-SiC,
below about 1,200 °C, the broad peak around 22.9° 20
indicates that the SiO, is amorphous. As the oxidation
temperature increased, the peak narrowed, becoming more
intense. After about 4 h at 1,200 °C, the peaks corre-
sponding to cristobalite could be detected. Since the
presence of amorphous silica will accelerate the later sin-
tering of the composite, oxidation of the SiC below
1,200 °C is preferable.

For the isothermal oxidation of powders, Carter’s
equation [11] is followed:
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Fig. 7 X-ray diffraction pattern for P-SiC before and after oxidation
under different conditions
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z—(z—l)(l—f)%—[H'(Z—l)f]%:Z(Lzl)k

I%

t=K't

(2)

where fis the degree of reaction (i.e., the oxidation fraction
of SiC after time ¢), r is the particle radius of the initial
powder, z is the ratio of the molar volume of the product to
the molar volume of the reactant (for the oxidation of SiC
to amorphous SiO,  z= (Msio,/psio,)/(Msic/psic) =
(60.09/2.2)/(40.1/3.21) = 2.186) and k and K’ are the
rate constants. Hence, the rate constant K’ at each tem-
perature could be obtained from the2 slope of the ﬁttegl line
to a plot of C=z— (z— 1)(1 —f)5 — [1 + (z — 1)f] ver-
sus time t. Apparently, C is a reaction function that can
represent the degree of the reaction frorrzl SiC to SiO,. ,

The plots of C=z— (z—1)(1 —f)* = [1 4+ (z — 1)f
versus oxidation time ¢ for the UF-SiC and P-SiC powders
are shown in Figsi 9 and 10, respecztively. Generally, C =
z—(z=1)(1 =f)F = [1 + (z— 1)f® varied linearly with
the oxidation time when samples were oxidized at tem-
peratures below 1,200 °C. At 1,200 °C, when UF-SiC and
P-SiC powders were oxidized for more than 4 and 8 h,
respectively, the data deviated from the linear relation-
ship and exhibited lower mass gains than predicted by
Carter’s equation. The decrease in the mass gain fraction of
the samples oxidized at 1,200 °C for long periods is
associated with the structural change occurring at this
temperature with time as proved by the XRD traces in
Figs. 7 and 8. The formation of cristobalite in the oxidation
layer has been shown to reduce the oxidation rate of SiC
[4, 5, 12, 13].

The rate constants K’ of UF-SiC and P-SiC were cal-
culated from the slopes of each fitting line in Figs. 9 and 10
and are listed in Table 1. The Arrhenius plots of rate
constant K’ versus oxidation temperature for UF-SiC and
P-SiC are shown in Figs. 11 and 12, respectively. From the
slope of each line, the activation energies of the oxidation
were calculated to be 51.0 and 281.1 kJ/mol for UF-SiC
and P-SiC, respectively. (slope = —activation energy/gas
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Table 1 Rate constant K’ as function of oxidation temperature for
UF-SiC and P-SiC

Temperature (°C) Rate constant of Rate constant of

UE-SiC (h™h P-SiC (h™Y)
1,000 0.006 0.0001
1,100 0.0093 0.0011
1,200 0.0115 0.0036

constant). The activation energy of UF-SiC is much smaller
than P-SiC owing to its very fine nature.

The activation energies quoted in the literature for SiC
oxidation are quite inconsistent; varying, not unexpectedly,
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Fig. 11 Arrhenius plot of oxidation rate constant K’ versus oxidation
temperature for UF-SiC
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Fig. 12 Arrhenius plot of oxidation rate constant K’ versus oxidation
temperature for P-SiC

with the sample nature, e.g., bulk, film or powder; single
crystal, or polycrystals [3, 7, 13—15]. Nevertheless, the
proposed mechanisms for the oxidation of SiC are quite
consistent. The oxidation mechanisms are believed to be
the permeation of molecular oxygen at lower temperatures
(<1,350 °C) and the diffusion of oxygen ions at higher
temperatures (>1,350 °C).

Since the oxidation of SiC is an oxygen consuming
process, as the partial pressure of oxygen increases, the
driving potential for the reaction increases, and hence, so
does the extent of oxidation. Figure 13 compares the oxi-
dation behaviour of UF-SiC in static air and flowing air (at
a flow rate of 30 cm’/min). As expected, under the same
temperature and time conditions, the oxidation mass frac-
tion in flowing air is higher than that in static air.

A recent study [16] of the oxidation (apparently in static
air) of SiC loose powder particles, in order to enable their
incorporation in a borosilicate glass matrix, investigated
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Fig. 13 Relative mass change and oxidation mass fraction of UF-SiC
versus oxidation time (at 1,000 °C) in static air and flowing air
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the oxidation behaviour of SiC powders, with as-received
average particle sizes ranging from 3.7 to 140.5 um, at
temperatures from 800 to 1,500 °C for 2 h, and also oxi-
dized the 3.7 um powder for times from 10 min to 48 h at
1,200 °C. The results of this study showed the Deal-Grove
diffusion-reaction model [6] dependence of the 3.7 um SiC
powder oxidation kinetics and confirmed that the most
efficient oxidation is achieved within the first 5 h of ther-
mal treatment.

In order to understand the difference in the oxidation
behaviour of SiC in loose powder form and when it is
incorporated in pressure-filtered nanocomposite compacts,
experiments to determine the oxidation behaviour of SiC in
a pressure filtered BAs/20 wt.% SiC compact were carried
out. Figure 14 shows the relative mass change and
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Fig. 15 The dependence of the calculated UF-SiC core particle size
on oxidation time at different temperatures
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oxidation mass fraction of SiC in both loose powder and
SiC-composite compact forms as a function of holding
time (at 1,000 °C). Note that there is no apparent difference
between the oxidation behaviour of the SiC as loose
powder and when it is within the SiC-containing nano-
composite compact. This means that although the pressure-
filtered compact has a high density, its pore size is still
large enough for oxygen molecules to readily diffuse in.
The high oxidation mass fraction of SiC in Al,05-SiC and
SiC/alumina/zirconia compacts as reported by Sakka et al.
[10], Kaya [17] and Lin [5], supports this view.

Particle size analysis and microstructures
For simplicity, suppose that all of the SiC particles have the
same size and all of them are spherical. If the radius of the

initial SiC particle, the radius of the remnant SiC particle,
the radius of the particle after oxidation and the thickness
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Fig. 17 The dependence of the thickness of the silica layer formed on
UF-SiC particles on oxidation time at different temperatures
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Fig. 18 The dependence of the thickness of the silica layer formed on
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of the SiO, formed are expressed by ry, r,, r3 and Ar,
respectively, the following relationships (derived in
Appendix B) stand:

Fig. 19 TEM micrographs of
UF-SiC powder (a) before and (@)
(b) after oxidation at 1,000 °C
for 4 h, and the TEM electron
diffraction pattern of (c¢) a UF-
SiC core particle and (d) the
SiO; layer surrounding the
UF-SiC core particle

rn=ry1l-—f (3)

ry=ny/T+f(z—1) =r/1+ 1.186f (4)
Ar:rg—rzzr1{</1+f(z—1)—\3/1—]1
_ [{/1+ 1.186f — /1 —f} (5)

So by controlling the oxidation mass fraction of SiC,
that is by controlling the oxidation temperature and time,
the expected SiC core particle size (2r,), the particle size of
the whole particle after oxidation (2r3) and the thickness of
SiO, formed (Ar = r; — r;) can be obtained. The initial
mean particle sizes of UF-SiC and P-SiC are 200 nm
(ry = 100 nm) and 4.7 um (r; = 2.35 um), respectively.
From Egs. 3, 4 and 5, after partial oxidation, the SiC core
particle size (2r,), the particle size of the whole particle
after oxidation (2r3) and the thickness of SiO, formed
(Ar = r3 — rp) can be calculated.
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Figures 15 and 16 show the effect of holding time (at
different temperatures) on the calculated SiC core particle
for UF-SiC and P-SiC, respectively. Figures 17 and 18
show the effect of holding time (at different temperatures)
on the calculated thickness of the SiO, surface layer
formed on the UF-SiC and P-SiC particles, respectively. As
expected the SiC core particle size decreases with
increasing oxidation time and/or temperature, with the
thickness of the SiO, surface layer increasing
simultaneously.

Figure 19a and b shows TEM micrographs of the
UF-SiC powder before and after oxidation at 1,000 °C for
4 h, respectively. It is clear that after oxidation, the SiC
particles are surrounded by a layer of silica. In the bottom
middle of Fig. 19b, there is a tabular UF-SiC particle with
a particle size between 150 and 200 nm, whose silica layer
is about 25 nm in thickness, which correlates well with the
calculated result of 24 nm after oxidation at 1,000 °C for
4 h; see Fig. 17. The difference originates from the
assumption made in the calculation, that all the particles
are spherical with a diameter of 200 nm. As Fig. 19a
shows, this is clearly not the case, since the particles are not
spherical and vary in size; thus, the remnant SiC core
particle size, the size of the whole core-shell particle after
oxidation, and the thickness of the encapsulating SiO,
surface layer or shell will differ according to the initial
pre-oxidized SiC particle morphology and size.

In order to simply illustrate the nature of the post-oxi-
dation SiC core-SiO, shell structure of the oxidized
particles, Fig. 19c is the selected area diffraction (SAD)
pattern of a core particle, like the particles seen in Fig. 19b
with an encapsulating layer of silica, confirming it to be
crystalline SiC. By way of contrast, Fig. 19d gives the
CBED pattern of the surrounding silica surface layer of the
same particle, showing that the silica formed at 1,000 °C for
4 h is amorphous, as confirmed by the XRD trace in Fig. 8.

Figure 20 shows the differential number particle size
distribution of P-SiC before and after oxidation at 1,200 °C

Non-oxidised P-SiC

Y I PRI P-SiC After
1400°C/4hours

Differential number (%)

100

Particle size (um)

Fig. 20 Particle size distribution of P-SiC before and after oxidation
(1,200 °C/4 h)
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Fig. 21 Particle size distribution of UF-SiC before and after oxida-
tion (1,200 °C/4 h)

for 4 h, while Fig. 21 shows the corresponding differential
volume particle size distribution of UF-SiC before and
after oxidation at 1,200 °C for 4 h.

Particle size analysis shows that after oxidation, the
particle size distributions of both SiC particle types shift to
a larger particle size. This is in accordance with what is
predicted since the oxidation of SiC is a mass-gain process

m BB

Fig. 22 SEM micrographs of P-SiC; (a) raw powder, (b) after
1,200 °C/4 h oxidation
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and the density of SiO, (cristobalite 2.65 g cm > and

amorphous SiO, 2.22 g cm ™) is smaller than that of SiC
B32¢g cm ). However, the marked increase in the UF-SiC
particle size after oxidation cannot be explained in terms of
oxidation mass and volume gain alone. Possible explana-
tions are the sintering of the powder at high temperature;
agglomeration of the oxidized powder which derives from
the agglomeration of the raw UF-SiC powder due to its
small particle size and hence high surface area to volume
ratio. Thus, a low oxidation temperature is desirable in
order to obtain a fine particle size. Figures 22 and 23 show
secondary electron imaging SEM micrographs of the
P-SiC and UF-SiC powders, respectively, before and after
oxidation (1,200 °C, 4 h). In the case of P-SiC, Fig. 22
shows that after oxidation, the edges of the oxidized par-
ticles are not as sharp as those of the original SiC particles,
whereas for UF-SiC after oxidation, extensive agglomera-
tion, as indicated by the particle size analysis, is confirmed
by Fig. 23.
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Fig. 23 SEM micrographs of UF-SiC; (a) raw powder, (b) after
1,200 °C/4 h oxidation

Conclusions

The oxidation behaviour, in static air and flowing air, of a
submicron size SiC powder and a micron size SiC powder,
each with a differing particle size and morphology distri-
bution, has been investigated, in both loose powder form
and incorporated in pressure-filtered SiC/mullite/alumina
nanocomposite compacts. Furthermore, the effect of tem-
perature and time on the mass fraction of SiC oxidized, the
nature of the particle size, particle morphology and
agglomeration behaviour pre- and post-oxidation has been
discussed.

The TGA-DTA analysis and the oxidation studies both
indicate that the onset of significant oxidation occurs at a
much lower temperature for UF-SiC than for P-SiC due to
the particle size of UF-SiC being much smaller than that of
P-SiC. Consequently, under the same oxidation conditions,
the rate and extent of oxidation of UF-SiC is much higher
than that of P-SiC.

When SiC powder is used to prepare SiC/mullite/alu-
mina nanocomposites, a SiC particle down to nanometer
size after oxidation is desired. It is invariably necessary
that the extent of the oxidation is controllable in order to
achieve the desired core SiC size and SiO, surface layer
thickness, to thereby control both the SiC particle size (and
hence the amount of SiC) and the amount of silica (and
hence mullite) in the nanocomposites. The oxidation results
show that SiC core particles down to nanometre size could
not be formed in the P-SiC (micron particle size) powder
after oxidation at 1,400 °C for 10 h, and that the extent of
oxidation is low. In the case of the UF-SiC (submicron
particle size) powder, the oxidation behaviour was both
more controllable and efficient in terms of the extent of
oxidation and hence the remnant SiC core particle size and
the concomitant silica surface layer thickness. Thus, the
UF-SiC powder proved suitable for the preparation of SiC/
mullite/alumina nanocomposites where the core SiC par-
ticle size and amount of silica both need to be controlled
for the purposes of SiC nanoparticle incorporation and
mullite formation, respectively.

The XRD traces of the oxidized powder show that the
SiO, layer formed is amorphous when SiC powder is
oxidized below 1,200 °C but crystalline (as cristobalite)
when oxidized above 1,200 °C, and so since the presence
of amorphous silica can accelerate the sintering of the
nanocomposite, the oxidation of SiC powder should take
place below 1,200 °C. Owing to agglomeration of the
oxidized SiC powder at high temperatures, oxidation at a
lower temperature for a longer time is recommended pro-
vided the desired extent of oxidation can be achieved.
Achieving a high degree of oxidation at relatively low
temperatures without inordinately long oxidation times
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being required is aided by the fact that the oxidation mass
fraction in flowing air is higher than in static air.

Finally, this investigation of the oxidation behaviour of
SiC powder particles indicates that there is no apparent
difference between the oxidation behaviour of the SiC as
loose powder and when it is within a SiC-containing
pressure-filtered nanocomposite powder compact for the
given pressure filtration conditions and starting materials.
Thus, the SiC/mullite/alumina nanocomposite composition
could be confidently predicted using the SiC loose powder
oxidation data and behaviour.
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Appendix A: calculation of the relative weight gain and
oxidation mass fraction of SiC particles in SiC powders

If the oxidation behaviour of SiC is in accordance with the
following oxidation reaction [2]:

SiC 420, — SiO; + CO,

40.1 60.09
X Y
Msio, . 60.09X

Msic 40.1 (A1)

where X is the mass of SiC which has been oxidized, Y is
the corresponding mass of SiO, formed;Ms;o, and Mg;c are
the molecular masses of SiO, and SiC, respectively.
Assuming the mass of the sample before and after oxi-
dation is Mg and My, respectively, thus,
Y-X Mg — Ms
Ms — Ms

= Cwu (A2)

where Cy; is the relative mass change after oxidation.

Substituting Eqgs. Al into A2 gives:
150X -X X Oy

Cy=—""—2 .

L= ; A3
Ms Ms 0.5 (A3)

In fact X/My is the oxidation fraction of SiC. If we use f
to express it, thus
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f="%=2Cu

0.5 (a4)

Appendix B: theoretical derivation of the size change of
a SiC particle after oxidation

Since the oxidation of SiC is a mass-gain process and the
density of amorphous SiO; (pg0, = 2.2 gem™d) is less
than that of SiC (pg;c = 3.21 gecm ™), the particle size will
be increased after oxidation. Supposing that all of the SiC
particles have the same size and all of them are spherical,
this process can be shown in Fig. B1.

Here r; is the radius of the initial SiC particle, r, is the
radius of the remaining SiC particle, r3 is the radius of the
particle after oxidation and r; — r, = Ar is the thickness of
the SiO, formed.

Thus, the initial mass of a SiC particle, M, is %nr?pSiC,
and after oxidation, its mass is ;—‘nrg Psic- Thus, the mass of
oxidized SiC, X, is:

4 4
_nr%pSiC - —“”;PSic (B1)
3 3

So the oxidation mass fraction is:

é7W3PSiC - &7”3/’5ic
f=tg 2t (B2)
3y Psic

S =n \3/ 1 —f (B3)

From Eq. B1, the mass of SiO, formed, Y, is:

4 4

Y= (3 nrg - 3nr§> Psio, (B4)

According to Eq. Al in Appendix A
_ Msio, ,  60.09X

Y =
Msic 40.1

= 1.50X

Substituting Eqs. B1 and B4 into Eq. A1 above gives:
Bn=rn+ (rf — rg)z (B5)

Fig. B1 The schematic diagram of the change of SiC particle after
oxidation



J Mater Sci (2008) 43:4031-4041

4041

where z = (
Psio, Psic 22 3.21 '
ratio of the molar volume of SiO; to that of SiC.

Substituting equation B3 into B5 gives:

r=ny/1+f(z—1)=ny/1+ 1186f
Thus, the thickness of the SiO, formed, Ar = r; — 1y, is:

Ar=rs—rn=nr {i/l +fz—1) =1 —f]
=n [{/1 F1.186f — /1 —f}

M“’Z)/QMSC = (8099 /(41) = 2.186 is the

(B6)

(B7)
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