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bstract

his paper reports results concerning the oxidation of silicon carbide of pure SiC powder (98% of SiC) and the oxidation of two silicon car-
ide castables, used in waste-to-energy plants (WTE), and containing 60% and 85% of SiC, respectively. The investigated temperature range
800–1200 ◦C) corresponds to typical service conditions in WTE. Thanks to thermogravimetric and thermal expansion tests, kinetics of oxidation
f the powder of SiC and of the castables has been investigated. According to these tests, several important points have been underlined. Firstly,
he oxidation of SiC aggregates has a high influence on the thermal expansion and on the weight gain of SiC castables. Secondly, the grain size

istribution of SiC aggregates within castables plays a dominating role (especially enhanced for the fine particles) in castable expansion behaviour
nduced by oxidation. This is a key point according to the evolution of thermal expansion of such materials.

2011 Elsevier Ltd. All rights reserved.
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. Introduction

Silicon carbide (SiC) is generally known for its relatively
ood behaviour against oxidation under high partial pressure of
xygen since oxidation generates a dense layer of silica which
imits the diffusion of the oxygen1 (passive oxidation). Many
revious works on the kinetics of oxidation of SiC powders
nd bulk SiC materials are reported in the literature2–4 and deal
ith strong open porosity materials. In this paper, SiC casta-
les are studied. They contain lower porosity (about 15%) and
he oxidation kinetics is different compared with the traditional
ase.5,6

Although there are many results published on the oxidation
ehaviours of SiC powders and bulk materials, This paper con-
ains a lot of useful information on the application of SiC based

efractories because the oxidation process of SiC based refrac-
ories which usually has a strong open porosity is completely
ifferent with these SiC ceramics with lower porosity.

∗ Corresponding author. Tel.: +33 5 87 50 25 60.
E-mail address: thierry.chotard@unilim.fr (T. Chotard).
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In waste-to-energy plants (WTE), SiC refractories are essen-
ially used in the combustion chamber. Thanks to their high
hermal conductivity, these materials permit the thermal trans-
er to the boiler tubes which produce vapour, frequently used
or energy production. Moreover, they also proceed as thermal
rotection and anti-corrosion barrier of the metal parts consti-
uting the unit framework.1,7,8 Among this type of materials,
ydraulically bonded castables are interesting because they can
e casted into structures of complex shapes. Anyway, several
nspections of refractory structures carried out when the WTE
nits stop, showed that walls, made up of SiC products, could be
trongly degraded after several years of use. Even if this aspect
s not often mentioned in the literature, the oxidation of SiC
s strongly expansive. Therefore a significant expansion of the
roducts is suspected to be the main cause of damage in refrac-
ory structures of WTE. This paper is a contribution to quantify
his mechanism.

Starting from the study of the oxidation kinetic of the SiC

owder constituting the aggregate skeleton of the material, an
ttempt is made in this paper to quantify the volume expansion
ue to the oxidation of SiC, within the microstructure of two SiC
astables. This work is a part of a more important national French

http://www.sciencedirect.com/science/journal/09552219
dx.doi.org/10.1016/j.jeurceramsoc.2011.10.044
mailto:thierry.chotard@unilim.fr
dx.doi.org/10.1016/j.jeurceramsoc.2011.10.044
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air from TGA experiments performed in a selected size range
Fig. 1. Mechanism of passive oxidation at the border of a SiC particle.

esearch program (DRuIDe) which aims to improve the quality
nd the durability of refractories used in combustion chambers
f WTE.9

. Method for the evaluation of the thermal expansion
ue to SiC oxidation

When the SiC castables are used, at high temperature, in an
xygen rich atmosphere, the passive oxidation of SiC occurs.3

s illustrated in Fig. 1, the oxidation involves the consumption
f SiC and the formation of a silica layer,10 according to the
eaction (1):

iC(s) + 3

2
O2(g) → SiO2(s) + CO(g) (1)

The measured relative mass variation (DMmeasured) resulting
rom the weight gain of the formed silica (DMSiO2 ) due to the
onsumption of SiC (DMSiC-consumed) could be written as:

Mmeasured = DMSiO2 − DMSiC-consumed (2)
Considering the molar mass of each product
МSiC = 40 g mol−1 and MSiO2 = 60 g mol−1) and according
o reaction (1), a weight gain of 20 g mol−1 is expected to be

Fig. 2. Evolution of diameter, for an ideal spherica
ean Ceramic Society 32 (2012) 737–743

bserved by TGA.3 The relative mass variation of formed silica
DMSiO2 ) could be obtained thanks to the following Eq. (3):

MSiO2 = 3 × DMmeasured (3)

If a fine layer of silica is supposed uniformly distributed on the
urface of the aggregates, the thickness (thSiO2 ) of formed SiO2
an be found thanks to the relative mass variation of formed silica
DMSiO2 ), to the density of SiO2 (ρSiO2 = 2.10 g cm−3) and to
he surface of the oxidation reaction (by the specific surface area
f the grains of SiC, SSiC = 0.0548 m2 g−1) with Eq. (4):

hSiO2 = DMSiO2

ρSiO2 × SSiC
= 3 × DMmeasured

ρSiO2 × SSiC
(4)

As illustrated in Fig. 2, for a spherical grain, the diameter L
f the grain after a time τ of oxidation can be determined by Eq.
4):

= (L0 − 2 × thSiC) + 2 × thSiO2 (5)

here L0 represents the initial average diameter of the SiC grain.
With the ratio defined in Fig. 1, Eq. (4) can be simplified:

= L0 + 1.13 × thSiO2 (6)

From Eq. (5) combined with the Eqs. (2) and (4), the rel-
tive linear thermal expansion (DL = �L/L0) after a time τ of
xidation can be written as:

L(τ) = 3.39

L0 × ρSiO2 × SSiC
× DMmeasured(τ) (7)

As previously reported in the literature,11,12 the oxidation
inetics for a single-crystal of SiC can generally be described
sing the linear-parabolic model of Deal and Grove.13,14 Con-
equently, the evolution of DL for a spherical grain of the SiC
owder should be parabolic and, according to Eq. (6), the max-
mum possible for DL is 130% which corresponds to the entire
ransformation of SiC grain into SiO2 particles.

In order to better understand the consequence of such oxida-
ion kinetics in the case of refractory castables containing SiC
ggregate, the work reported in this paper followed three steps:

i. Determination of the parameters of the oxidation kinetics in
of the SiC powder used for the elaboration of castables.
ii. Investigation of the consequence of SiC oxidation in mate-

rials with the same composition as the studied castables but

l grain, due to passive oxidation of the SiC.
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Table 1
Characteristics of SiC castables.

Formulation C-SF60 C-CV85

SiC (wt%) 60 85
Cement (wt%) 5 7
CaO (wt%) 1.4 2.1
Silica and alumina phase (wt%) 35 8
Water use for the elaboration (wt%) 6.9 6.5
D
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ensity (g cm−3) 2.55 2.51

with SiC grain size inferior to 200 �m, which are expected to
be more sensitive to oxidation. These materials are referred
as matrices.

ii. Transposition to the case of industrial castables which can
be considered as composites with matrices reinforced by
coarse SiC grains (superior to 200 �m up to 3 mm).

. Materials and techniques

.1. Materials

Two low cement castables (LCC) were studied. They are
anufactured by CALDERYS (France), one referred as C-SF60

ontaining 60% of SiC aggregates and one referred as C-CV85
ith 85% of SiC aggregates. Table 1 gives the main characteris-

ics of these castables. They are composed of aluminous cement
nd of different aggregates mainly SiC, with a wide particle size
istribution from 0.0002 to 3 mm.

In order to understand the consequence of SiC oxidation in
astables, the study is first carried on simplified materials called
atrices. These materials were proceeded from a mix of the
nest particles (cement, silica–alumina phases, SiC small parti-
les), with diameter typically lower than 200 �m (Fig. 3). These
ne particles were obtained by sieving the powder used for

he fabrication of castables. After water addition correspond-
ng to that required for the castable, the obtained matrices are
eferred here as M-SF60 and M-CV85 according to the castable
eferences.

In addition to castables and matrices, a preliminary study was

lso carried out on the SiC aggregates themselves. From a com-
ercial SiC powder (Carsilon from TIMCAL, Switzerland) used

or castable, grains from 80 to 100 �m were selected by sieving.

ig. 3. Particle size distribution of SiC grains within M-CV85 and C-CV85.
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Fig. 4. Oxidation kinetics of SiC at different temperatures.

s shown in Fig. 3, this corresponds to an intermediate particle
ize of the concretes (between 0.2 �m and 3 mm). The specific
urface area of these selected grains, referred as SiC 80-100 pow-
er in this paper, has been estimated to 0.0548 m2 g−1, using
BET device with krypton (suitable gas for low specific sur-

ace area). Such intermediate particle size leads to a significant
eight gain in TGA during oxidation experiments, and allows

educing the percentage of free carbon regularly associated to
ilicon carbide production.15

.2. Techniques

Thermogravimetric (TGA) and thermal expansion (TE)
xperiments were realized at 1000 and 1200 ◦C in air flow of
ml/min.

TGA were performed with powder samples in case of SiC
owder and with bulk samples in case of matrix and castable.
ample of about 1 g were introduced in a PtRh 10% crucible
or TGA and a heating rate of 5 ◦C min−1 has been used up to
he oxidation temperature for 50 h. In this study, 1 g is enough
o give a statistically valid sample of the powder in view of the
ominance of the small particles in the oxidation: only small
rains have a real impact on the oxidation.

For TE, a vertical dilatometer SETARAM, Setsys evolution,
as used with a load of 5 g. Samples of 9 mm × 9 mm × 15 mm
ave been subjected to the same temperature treatments.

. Results and discussion

.1. Study of the SiC 80-100 powder

The evolution of the square of the relative weight
DM2 = (�m/m0)2) versus oxidation time of SiC 80-100 powder
s reported in Fig. 4. The obtained straight lines show that the
xidation kinetics follows a linear-parabolic model and accord-
ng to Deal and Grove3,13 this law is characteristic of the passive
xidation of SiC. It means that a silica layer is formed around
he SiC particles.

The evolution of DM vs. oxidation time of SiC 80-100 powder

nd the subsequent evolution of the thickness of SiO2 (thSiO2 )
btained from Eq. (3), for 50 h are plotted in Fig. 5(a). The
esults of DM are coherent with the literature5,16,17: an increase
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ig. 5. SiC 80-100 powder oxidation characteristics vs. time: (a) DM and cal-
ulated thSiO2; (b) calculated relative thermal expansion (DL).

f temperature enhances the oxidation kinetics of SiC with a
arabolic law (0.26% and 0.86% for oxidation at 1000 ◦C and
200 ◦C, respectively). Moreover, the importance of the SiC
article size must be underlined. According to the Fig. 6, the
volutions of DM for nano and micro-sized SiC particles at
200 ◦C are more important (multiplied by 10 or 20) than for
he SiC 80-100 powder.

The silica growth is found to be parabolic, as referred in
iterature,13,14 and the thicknesses of silica after 50 h are 0.07 �m

nd 0.23 �m at 1000 ◦C and 1200 ◦C, respectively.

The evolution of relative thermal expansion (DL) calculated
y Eq. (6) for a spherical grain of the SiC powder (L0 = 90 �m,

ig. 6. Comparison of DM of SiC 80-100 powder with nano and macro-sized
iC particles during oxidation at 1200 ◦C.
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ig. 7. Relative weight gain and relative thermal expansion of M-CV85 vs.
xidation time.

orresponding of the average size of SiC 80-100 powder) is
lotted in Fig. 5(b). For an oxidation time of 50 h, DL is 0.08%
nd 0.28% at 1000 ◦C and 1200 ◦C, respectively. These values
re low but they are obtained for a time of oxidation with sev-
ral orders of magnitude lower than those corresponding to an
ndustrial context (several years).

.2. Oxidation of SiC within the matrix

The influence of the SiC oxidation within the matrix could
ere be compared to the results obtained on pure SiC powder.
hen, the influence of the SiC particle size distribution could be
larified. Indeed, the matrix is the part of the castable containing
ne particles (lower than 200 �m). In fact, the results of M-CV85
re presented here in more details because this matrix contains
he highest proportion of SiC particles (64 wt%) and those of

-SF60 are just used as a comparison to observe the influence
f the quantity of SiC (41 wt%).

The evolutions of DM and of DL versus oxidation time,
hown for M-CV85 in Fig. 7, are consistent with the results
btained for SiC powder: a parabolic progression is observed,
hich can reach 2.4% for DM and 0.58% for DL after 50 h at
200 ◦C.

Similar results obtained with M-SF60 are shown in Table 2.
eight gain values are consistent with the quantity of SiC in
atrices since values of DM for M-CV85 and are always supe-

ior to the results of M-SF60. Nevertheless, the impact of the
xidation on DL is less clear due to the other mechanisms
hich could also affect the thermal expansion: for example, sin-

ering could involve shrinkage or CA formation could induce
2
xpansion.

able 2
omparison of M-SF60 and M-CV85 results after 50 h of oxidation.

After 50 h at 1000 ◦C After 50 h at 1200 ◦C

M-SF60 M-CV85 M-SF60 M-CV85

M 0.58% 0.75% 1.51% 2.40%
L 0.10% 0.10% 0.64% 0.58%
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Fig. 8. . Relative weight gain and relative thermal expansion of C-CV85 vs.
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.3. Oxidation of SiC within the castable

The evolutions of DM and of DL versus oxidation time,
hown in Fig. 8, are similar with the curves previously obtained.

parabolic evolution is observed with lower values than those
reviously reported for the matrix: only 1.31% for DM and
.35% for DL after 50 h at 1200 ◦C.

In a similar way than for the matrices, the weight gain and
he thermal expansion reported in Table 3, are amplified by the
emperature and by the SiC content. Indeed, the values of DM
nd of DL for C-SF60 are lower than the C-CV85 ones.

.4. Discussion

.4.1. Comparison between castable, matrix and pure SiC
owder

To resume the impact of oxidation on a SiC castable, the
esults obtained for the SiC 80-100 powder, for the matrix and
or the castables, at 1200 ◦C are compared in Fig. 9. Consider-
ng these results and taking into account the amount of SiC in
ach case (100 wt% for the powder, 85 wt% for the castable and
5 wt% for the matrix), it becomes evident that the SiC quan-
ity is not pertinent here to explain the difference of behaviour
egarding the oxidation effects. In a first approach, values of
hermal expansion for C-CV85 after 50 h of oxidation at 1200 ◦C
eem to be rather low (less than 0.4%). However, considering the
ime in use in a WTE (typically several years), the extrapolated
xpansion for such a long time could induce important troubles.
n order to have a better control on this expansion, the influence

f the SiC aggregates must be clarified.

able 3
omparison of C-SF60 and C-CV85 results after 50 h of oxidation.

After 50 h at 1000 ◦C After 50 h at 1200 ◦C

C-SF60 C-CV85 C-SF60 C-CV85

M 0.37% 0.47% 0.72% 1.32%
L 0.03% 0.10% 0.25% 0.35%

•

•

•

•

•

ig. 9. Comparison of oxidation behaviour at 1200 C between C-CV85, M-
V85 and SiC 80-100 powder: (a) weight gain; (b) linear expansion.

.4.2. Analyses of the influence of SiC aggregates
Starting from experimental results obtained on SiC 80-100

owder and considering the expression (4), the thickness of silica
reated (thSiO2 ) could be determined for 1200 ◦C. The thickness
f SiC consumed (thSiC) could also be calculated and the diam-
ter � (τ) could be estimated from the initial diameter of the SiC
article �0, by the following expression:

(τ) = φ0 + 2 × thSiO2 − 2 × thSiC (8)

Consequently, the expansion due to SiC oxidation could be
etermined for different particle diameters (from 0.2 �m to
mm) and for longer time (1 month, 1 year, 5 years); the results
re shown in Table 4.

The expansion values gathered in this table underline the
ollowing points:

The volume expansion could become very important (in the
case of small size or long time).
The big aggregates of SiC do not play a significant role in the
expansion phenomenon due to the SiC oxidation.
The small aggregates are a key-point for this expansion phe-
nomenon.
Higher is the temperature, more the oxidation phenomenon is
amplified.

For very long oxidation time, at high temperature, the SiC par-
ticles could be entirely consumed and become SiO2 particles
(expansion limited to 130% in such situation).
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Table 4
Calculation of the expansion size of SiC aggregates due to oxidation (extrapolated from results obtained after 50 h on SiC 80-100 powder). The shaded portions
correspond to the maximum possible expansion size of SiC aggregates.

Aggregates diameter (�m) Oxidation conditions (dry air)

Temperature 50 h 744 h (1 month) 8760 h (1 year) 43,800 h (5 years)

2000 �m 1000 ◦C 0.004% 0.016% 0.052% 0.115%
1200 ◦C 0.012% 0.049% 0.170% 0.381%

90 �m 1000 ◦C 0.087% 0.345% 1.147% 2.546%
1200 ◦C 0.274% 1.099% 3.785% 8.468%
1000 ◦C 0.156% 0.622% 2.065% 4.582%
1200 ◦C 0.493% 1.978% 6.813% 15.242%

10 �m 1000 ◦C 0.781% 3.108% 10.326% 22.910%
1200 ◦C 2.467% 9.888% 34.064% 76.209%

1 �m 1000 ◦C 7.809% 31.078% 103.258% 130%
1200 ◦C 24.672% 98.881% 130% 130%
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.2 �m 1000 C 39.047%
1200 ◦C 123.359%

In comparison to the expansion values calculated for 50 h
t 1200 ◦C (Table 4), C-CV85 (with an expansion of 0.35% in
ame conditions) seems to exhibit expansion behaviour close to
n average SiC diameter of 50–60 �m.

To conclude, the key point of the oxidation process is not the
hemical composition but it is the particle size distribution. The
article size distribution of castable is different of the SiC pow-
er one (only 80–100 �m range is considered). In the castable,
he proportion of fine particle are important (sizes of 20% of
iC aggregates are lower than 10 �m) and involves the faster
xidation of castable compared with the SiC powder one. This
esult is coherent with the literature17 (Fig. 6).

.4.3. Influence of SiC amount
To determine the impact of the quantity of SiC for a same

article size distribution, several ratios, after a 50 h oxidation
t 1200 ◦C, are calculated in the Table 5. This could be done
ecause the studied materials are castables. Consequently, they
re not sintered. SiC aggregates are just link together via alumina
nd silica phase. So, the access of oxygen to the all grains is
acilitated thanks to the skeleton of SiC aggregates. The diffusion
rocess inside the pore network is not the limiting step of the
xidation.

The ratios of DM and DL for the matrix and for the casta-
les are here very pertinent even if the quantities of SiC in these
roducts are very different (64% for M-CV85, 41% for M-SF60,
5% for C-CV85 and 60% for C-SF60). Therefore, when two

roducts are elaborated with a SiC powder having a similar parti-
le size distribution, the ratio of SiC between these two products
eads to a rather good estimation of the ratio of DM and of DL

able 5
atios of DM and of DL for castables and matrix after 50 h at 1200 ◦C.

C-CV85/C-SF60 M-CV85/M-SF60

iC ratio 1.42 1.56
atio of DM 1.81 1.58
atio of DL 1.41 0.91

o
f
1
t
t
i
r
p
s
e

130% 130% 130%
130% 130% 130%

fter a given oxidation time. Then, knowing expansion due to
xidation for one of these products allows estimating the DL
alue of the other in same oxidation conditions.

. Conclusion

Several inspections of refractory structures, carried out dur-
ng the maintenance stop of WTE led by several partners of the
RuIDe program, showed that walls, made up of SiC tiles, could
e strongly degraded after several years of use because of a sig-
ificant expansion of the products (typically 5–7%). According
o the present study, same kind of problems could occur with
iC castables. Even if this point is not often mentioned in the

iterature, the formation of a silica layer on the surface of silicon
arbide aggregates, by oxidation at high temperature, can induce
very strong linear expansion, up to 130% at local scale.

Many studies dedicated to the oxidation of SiC have been
eported in the literature during the last forty years. This oxida-
ion is generally shown, rightly, as an advantage for SiC. The
esulting silica forms a passive layer on the SiC surface, and thus
imits, thereafter, the diffusion of the gas species for the contin-
ation of the reaction. Indeed, this is interesting in the case of
assive materials, but in the case of refractories, with a strong

pen porosity (generally from 15 to 20%), the oxidation of SiC
ust be reconsidered by taking account of the microstructure in

he analysis of the phenomenon.
In particular, the present paper investigates the influence

f SiC grain size on macroscopic expansion which can result
rom oxidation (sizes of 20% of SiC aggregates are lower than
0 �m). Indeed, the different results presented here, highlight
hat, although the layer of silica has a very low thickness (less
han one micron) on each SiC grain, it can generate a very signif-
cant macroscopic expansion, within the framework of porous

efractory products containing small grains of SiC. As an exam-
le, the thermal expansion values experimentally measured on
amples after 50 h under air at 1200 ◦C, allows to extrapolate an
xpansion which can reach 6% in the case of the C-SF60, and



Europ

8
u

m
l
o
a
w
a
S
p
s
W

A

C
t
R

R

1

1

1

1

1

1

1

1

1

1

2

A. Gallet-Doncieux et al. / Journal of the

% in the case of C-CV85, after 5 years in similar conditions of
se.

In addition, it is advisable to recall that all the values
entioned in this article result from analyses carried out at

aboratory scale under dried air. However, the kinetics of
xidation of silicon carbide are well known to be acceler-
ted (by a factor which can go up to 2) in the presence of
ater vapour.2,18–20 The presence of alkalis21,22 could also

ccelerate the mechanisms of diffusion in the layer of silica.
ince these two last points have not been considered in this
resent study, the estimations of thermal expansion after 5 years
hould probably be raised under the real conditions of use in

TE.

cknowledgements

The authors are thankful to the companies (CALDERYS,
NIM, Saint-Gobain and VEOLIA-Environnement). They also

hank the National Research Agency (ANR) and the Limousin
egion Council for their financial supports.

eferences

1. Harris GL. Properties of silicon carbide. London: IEE; 1995.
2. More KL, Tortorelli PF, Ferber MK, Keiser JR. Observations of accelerated

silicon carbide recession by oxidation at high water-vapor pressures. J Am
Ceram Soc 2000;83(1):211–3.

3. Vaughn WL, Maahs HG. Active-to-passive transition in the oxidation of
silicon carbide and silicon nitride in air. J Am Ceram Soc 1990;73(6):
1540–3.

4. Costello JA, Tressler RE. Oxidation kinetics of hot-pressed and sintered

alpha-SiC. J Am Ceram Soc 1981;64(6):327–31.

5. Ohashi K, Shimomura S, Kawaguchi M. Stability of castable refrac-
tories contained SiC in high temperature. Taikabutsu 1982;34–519(9):
23–6.

2

2

ean Ceramic Society 32 (2012) 737–743 743

6. Ishikawa M, Wakamatsu M, Nanri H, Watanabe K, Ataka T, Ishida S, et al.
High temperature oxidation of SiC-based low cement castable. Stahl Eisen
Special 1992:157–60 (October).

7. Kamenskikh V, Kashcheev I, Mityushov N, Gulyaev A, Kotova M, Kise-
lev A, et al. Silicon carbide refractory castables. Refract Ind Ceram
2005;46(6):412–5.

8. Schulle W. Problems, possibilities and trends of refractory lining for waste
incineration plants. Interceram 1999;48(6):380–7.

9. Bahloul O, Chotard T, Huger M, Gault C. Young’s modulus evolution at high
temperature of SiC refractory castables. J Mater Sci 2010;45(13):3652–60.

0. Vickridge I, Ganem J, Hoshino Y, Trimaille I. Growth of SiO2 on SiC by dry
thermal oxidation: mechanisms. J Phys D: Appl Phys 2007;40(20):6254–63.

1. Jorgensen PJ, Wadsworth ME, Cutler IB. Oxidation of silicon carbide. J Am
Ceram Soc 1959;42(12):613–6.

2. Ervin G. Oxidation behavior of silicon carbide. J Am Ceram Soc
1958;41(9):347–52.

3. Deal BE, Grove AS. General relationship for the thermal oxidation of silicon.
J Appl Phys 1965;36:3770–8.

4. Rodríguez-Viejo J, Sibieude F, Clavaguera-Mora MT. High-temperature
oxidation of CVD [beta]-SiC. Part I. Experimental study. J Eur Ceram Soc
1994;13(2):167–75.

5. Penas O. Etude de composites SiC/SiBC à matrice multiséquencée en fatigue
cyclique à hautes températures sous air. PhD. Institut National des Sciences
Appliquées de Lyon.

6. Costello JA, Tressler RE. Oxidation kinetics of silicon carbide crystals and
ceramics: I, in dry oxygen. J Am Ceram Soc 1986;69(9):674–81.

7. Quanli J, Haijun Z, Suping L, Xiaolin J. Effect of particle size on oxidation
of silicon carbide powders. Ceram Int 2007;33(2):309–13.

8. Opila EJ. Variation of the oxidation rate of silicon carbide with water-vapor
pressure. J Am Ceram Soc 1999;82(3):625–36.

9. Vix-Guterl C, Grotzinger C, Dentzer J, Bacos M-P, Ehrburger P. Reactivity
of a C/SiC composite in water vapour. J Eur Ceram Soc 2001;21(3):315–23.

0. Xiaowei Y, Laifei C, Litong Z, Yongdong X. Oxidation behaviors of C/SiC
in the oxidizing environments containing water vapor. Mater Sci Eng
2003;A348:47–53.
1. Pareek V, Shores DA. Oxidation of silicon carbide in environments contain-
ing potassium salt vapor. J Am Ceram Soc 1991;74(3):556–63.

2. Pickrell GR, Sun T, Brown JJ. High temperature alkali corrosion of SiC and
Si3N4. Fuel Process Technol 1995;44(1–3):213–36.


	Investigations of SiC aggregates oxidation: Influence on SiC castables refractories life time at high temperature
	1 Introduction
	2 Method for the evaluation of the thermal expansion due to SiC oxidation
	3 Materials and techniques
	3.1 Materials
	3.2 Techniques

	4 Results and discussion
	4.1 Study of the SiC 80-100 powder
	4.2 Oxidation of SiC within the matrix
	4.3 Oxidation of SiC within the castable
	4.4 Discussion
	4.4.1 Comparison between castable, matrix and pure SiC powder
	4.4.2 Analyses of the influence of SiC aggregates
	4.4.3 Influence of SiC amount


	5 Conclusion
	Acknowledgements
	References


