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Abstract

To evaluate the performance of SiC to operating
environments expected in future ceramic gas tur-
bines, SiC samples were exposed in a low velocity
burner rig at temperatures above the dew point of
sodium sulphate (Na2SO4). Under these condi-
tions, the corrosion behaviour should be indepen-
dent of the sulphur content of the fuel, if
Na2SO4(g) is not involved in the corrosion process.
At 1000�C, SiC degradation was dependent on the
sulphur levels in the fuel and the rates were con-
trolled by the properties of the glassy corrosion
products. Although there was an e�ect of PSO3

on
aNa2O

at 1300�C, the formation of an inner crystalline
silica layer protected the material in both combus-
tion gases so that the e�ect of pSO3

on corrosion was
concealed. These results indicate that Na2SO4(g) is
involved in the corrosion process at temperatures
above the dew point, contrary to what might be pre-
dicted from thermodynamic considerations. The role
of sodium on enhancing the rate of corrosion is dis-
cussed. # 1999 Elsevier Science Limited. All rights
reserved

1 Introduction

One of the most challenging problems in material
science is the development of structural compo-
nents that can operate well at high temperatures
in corrosive environments. Materials are urgently
required which can meet this criterion for use in
applications such as gas turbines. The introduction
of these advanced components will e�ectively
enhance the e�ciency of power generation systems,

decreasing both the burden on non-renewable
fossil fuel resources and the volume of pollutants
to the environment. Since metals have practically
reached the limit of their high temperature cap-
abilities, special emphasis is placed on the role
that ceramics can play in future gas turbine
technologies.
Silicon-based ceramics are inherently unstable at

high temperatures in air where they oxidise to form
silica. Silica has a low oxygen permeability and
may, thus, act as an e�ective barrier to di�usion.
The signi®cant improvements made recently in the
elevated temperature strength of silicon carbide1

have increased the amount of attention that this
ceramic has been receiving. Silicon carbide is
highly regarded as a possible replacement for
metals in gas turbines, an application in which
ingested airborne contaminants react with the sul-
phur in the fuel. Under certain conditions, salts
form that can condense on turbine components. It
is therefore important to assess the e�ect of these
salts on the performance of silicon carbide.
Research has now been focused to establish a bet-
ter understanding of the corrosion behaviour of
silicon carbide in gas turbine environments.
Low velocity burner rigs can provide a good

understanding of the interaction between ceramic
materials and salts at elevated temperatures. Most
conditions in a gas turbine can be accurately
simulated in a low velocity burner rig, with the
exception of gas velocity and pressure.2 Since the
combined e�ects of oxidation, corrosion and ther-
mal cycling can be simultaneously or indepen-
dently studied, a low velocity burner rig facility
was used in the present work to provide an overall
assessment of silicon carbide performance in simu-
lated gas turbine combustion atmospheres.
The most comprehensive burner rig studies have

been performed on superalloys at temperatures
where salts deposit and react with the protective
scale.3,4 Corrosion rates are observed to increase
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according to the classic Type I hot corrosion
process.5,6 Silicon-based ceramics have been stu-
died under similar conditions and have been shown
to follow a comparable corrosion mechanism:
deposition of liquid Na2SO4 proceeded by dissolu-
tion of the silica scale.7

Na2SO4 forms from fuel impurities and ingested
sodium through the reaction:8

2NaC1�g� � SO3�g� �H2O�g� � Na2SO4�l� � 2HC1�g�
�1�

The melting point of pure Na2SO4 is ®xed (884�C),
but the dew point depends primarily on two factors;
the operating pressure and gas composition, namely
the sulphur and sodium contents. Operating at
atmospheric pressure with 10 ppm Na present in a
0.05% S combustion gas will result in a Na2SO4

dew point of 991�C. Increasing the pressure to 5
atmospheres will raise the dew point by 80�C,
increasing the risk of deposition.7

Silica, being an acidic oxide, has been observed
to undergo only basic dissolution.7 This process
can occur following the dissociation of Na2SO4

according to:

Na2SO4�1� � Na2O�s� � SO3�g� �2�

When there is a high partial pressure of SO3 in the
gas above the salt at unit activity, a low Na2O
activity [aNa2O

] results. Similarly, a low partial
pressure of SO3 sets a high Na2O activity. The
activity of Na2O is generally taken as the basicity
index so that basic conditions are satis®ed for high
aNa2O

, which enhances the attack of SiO2 by sodium
via:

Na2O�s� � x:SiO2�s� � Na2O:x�SiO2��1� �3�

Thus, corrosion rates may be enhanced by low-
ering the sulphur content of the fuel.
However, only a limited amount of research has

been conducted in the higher temperature regime
where developing ceramic gas turbines are expec-
ted to operate,9 i.e. above the dew point of
Na2SO4. Under these conditions, the corrosion
mechanism is expected to be quite di�erent from
that described above since no liquid phases are
deposited. Thermodynamic calculations predict
that the amount of sodium present as NaOH
increases above the dew point, and that Na2SO4

only exists in small quantities. Thus, the high tem-
perature equivalent of equation (2) should not be
important:

Na2SO4�g� � Na2O�g� � SO3�g� �4�

and the aNa2O
may be ®xed primarily by:

2NaOH�g� � Na2O�g� �H2O�g� �5�

Since sulphur should not, in principle, directly
a�ect NaOH, corrosion should be independent of
pSO3

, unless there is an intermediate reaction
occurring where sulphur in¯uences aNa2O

. Per-
forming tests in this high temperature regime,
Ahari et al.9 observed a dependence of pSO3

on
sodium enhanced corrosion, even at temperatures
200�C above the dew point. This result suggests
that there is a reaction occurring at elevated tem-
peratures which involves the control of the Na2O
activity by sulphur.
This study attempts to address the discrepancies

that exist between the thermodynamic predictions
and the observed corrosion behaviour. By focusing
on the overall corrosion process, this investigation
searches for a better understandingof the dependence
of SO3 on the sodium enhanced corrosion of SiC.

2 Test material and sample preparation

The corrosion behaviour of a commercially avail-
able �-SiC (EKasic D) was used in this investiga-
tion. The material was processed using pressureless
sintering by ESK (Germany) and samples were
supplied as four point bend strength bars, nominal
dimensions 3mm�4mm�50mm. The surface
roughness (0.25±1.10�m Ra) depended on the face
analysed and the direction in which measurements
were made relative to the machining grooves. The
oxide thickness and composition on all four sides
was the same after exposures in air for 20 h at
1000�C. Thus, di�erences in surface roughness
between the sample faces was not expected to
in¯uence the material's corrosion behaviour. The
�-SiC grain size varied from about 0.1 to 5�m.
Aluminium, the primary sintering additive, was
present in concentrations between 0.67 and 0.74
wt%. X-ray di�raction analysis (XRD) did not
identify the presence of free carbon.
In preparation for exposure in the burner rig, the

dimensions of each sample were determined to
�1�m at three points along the length using a
micrometer. The length was measured to 0.1mm
with a vernier calliper. The samples were ultra-
sonically cleaned in ethanol, dried and then
weighed on a balance accurate to 10�g.

3 Experimental Procedure and Corrosion Assessment

A low velocity burner rig was used to expose the sili-
con carbide to various combustion gases. Arti®cial
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ocean water, prepared to ASTM D1141 and then
diluted 1:3, was atomised in the rig with 552 1 hÿ1

of air to achieve a sodium ¯ux of 4mg cmÿ2 hÿ1.
This contaminant ¯ux rate (CFR) was identical to
that used in a round robin program that examined
the corrosion of superalloys in burner rigs.2 How-
ever, the CFR is expected not to have the same
in¯uence on material degradation when the cor-
rosion mechanism involves transport from the
gas phase. Alumina samples were exposed to
monitor any salt deposition at the two tempera-
tures studied in this investigation, 1000 and
1300�C, which are both above the dew point of
sodium sulphate.
As outlined in the introduction, the primary goal

of this exercise was to evaluate the importance of
pSO3

on corrosion. Either of two di�erent sulphur
containing fuels, a 0.01 wt% S aviation kerosene
and a 1 wt% S marine diesel, were injected into
the burner rig with a total of 1290 1 hÿ1 of air.
The calculated equilibrium pSO3

in both combustion
gases are shown in Table 1. Since thermodynamic
calculations using Solgasmix software10 predict that
NaOH is the primary sodium bearing species, the
sulphur content of the fuel should neither directly
a�ect aNa2O

(as shown in Table 1) nor corrosion.
The SiC samples stood vertically in a metallic

(MA956) sample table, so that the bottom 10mm
of each test bar was not directly exposed to the
combustion environment. Alumina crucibles were

inserted between the samples and the table to pre-
vent any metal/ceramic interactions occurring at
the test temperature. The crucibles also enabled the
collection and weight measurement of any low
viscosity glasses that ¯owed down the sample with
time. The loaded table was raised into the pre-
heated rig so that the samples were cycled from
room temperature to the test isotherm within
20min. Once the test temperature was reached,
peristaltic pumps delivered speci®c quantities of
arti®cial ocean water and fuel into the rig (50 and
72ml hÿ1, respectively) for 20 h. The table was
rotated slowly (�5 rpm) to permit uniform expo-
sure of all sample faces to the combustion gas
which was ¯owing at approximately 0.2m sÿ1.
After 20 h, the samples were removed from the rig,
cooled rapidly in laboratory air and then re-
weighed. In total, eight thermal cycles were per-
formed for each condition, removing one sample
every 40 h to examine the corrosion product. Some
samples were analysed by X-ray di�raction (XRD)
and then cut 15, 25, 35 and 45mm from the bottom
of the test bar. These cross-sections were prepared
for SEM/EDX evaluation.

4 Results

4.1 1000�C
The weight gains of the alumina samples exposed
to each fuel at 1000�C were negligible, indicating
that no salt deposition had occurred, as expected.
The average weight changes of the samples exposed
to the two di�erent pSO3

combustion environments
at 1000�C are shown in Fig. 1. This data has been
corrected to consider the weight gain of the alu-
mina crucibles (due to glass contamination). Due
to the test methodology, the weight change plotted
over the ®rst two thermal cycles is the average of
four samples, and that over the next two thermal
cycles is the average of three samples, etc. The
average weight gain of the samples exposed to the
0.01 wt% S environment was almost two orders of
magnitude greater after 120 h than that determined
from the exposure to the 1 wt% S fuel. In fact, the
di�erence in weight gain between the two pSO3

environments was even higher in repeat tests. The
low weight increases during the initial and fourth

Fig. 1. Average weight gain at 1000�C after each 20 h expo-
sure in the 0.01 wt% S (broken line) and 1 wt% S (solid line)
combustion environments. The error bars represent the stan-

dard deviation of the measurements.

Table 1. Calculated partial pressures (kg sÿ2mÿ1) of some species in the combustion gases simulated in this investigation

Fuel S content

0.01 wt% S 1 wt% S

Temp. (K) SO3(g) Na2O(g) NaOH(g) SO3(g) Na2O(g) NaOH(g)

1273 1.01Eÿ02 1.01Eÿ10 3.04Eÿ01 2.03E+00 6.08Eÿ10 2.03Eÿ02
1573 3.04Eÿ03 2.03Eÿ08 1.01E+00 3.04E-01 2.03E-08 1.01E+00
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cycles in the 0.01 wt% S fuel are attributed to poor
control of the contaminant ¯ux (only �300ml of
ocean water was injected during these two runs),
and highlights the requirement for strict control of
the CFR at temperatures even above the dew point
of sodium sulphate. However, the low corrosion
rates in the 1 wt% S fuel, where the same level of
sodium was added, suggests that it is the partial
pressures set in the combustion gas, namely pSO3

,
that controls corrosion.
A cursory examination of corrosion kinetics

suggested that the rate varied linearly with time, a
higher rate applied in the lower pSO3

environment.
The low weight increase after 140 h was due to an
amount of glass that ¯owed onto the sample table
and could not be quanti®ed. This, together with the
high weight increase of the alumina crucible, indi-
cates the formation of low viscosity glasses. Note
from Fig. 1 that no meaningful weight measure-
ment was obtained after 160 h in the 0.01 wt% S
environment since the sample broke on removing
from the burner rig. The surface corrosion product
however adhered well to the sample and was sub-
sequently analysed.
The corrosion product on the silicon carbide

exposed to the 0.01 wt% S fuel consisted of a por-
ous, low viscosity glass that was distributed over
the entire sample surface after 80 h. SEM analysis
revealed that the thickness of the corrosion pro-
duct was not uniform. The scale thickness on a
sample removed after 40 h varied from 10±70�m,
depending on the face analysed and the section
examined. The variation in scale thickness was due
to both the formation of a low viscosity corrosion
product and a geometry e�ect. Bubbles were
clearly visible in the scale, most probably CO or
CO2 evolved from the oxidation of the SiC. The
scale/ceramic interface was generally smooth but
some pits were also present. Qualitative chemical

analysis by EDX showed that the scales consisted
primarily of Si, O, Na and Al. Crystals were
observed in the pits and were found to contain only
Si and O. These crystals are believed to be cristo-
balite, which was the only crystalline corrosion
product identi®ed by XRD. After 80 h exposure,
these crystals had grown from the scale/ ceramic
interface to form a semi-continuous layer about
5�m thick (Fig. 3).
Sections taken from the sample exposed for

140 h showed an increase in scale thickness to
�150�m. However, there was only limited evi-
dence of cristobalite crystals and these were only
present 1�m into the scale (Fig. 4). The scale
thickness had grown to �200�m after 160 h and

Fig. 2. Average weight gain at 1300�C after each 20 h expo-
sure in the 0.01 wt% S (broken line) and 1 wt% S (solid line)
combustion environments. The error bars represent the stan-

dard deviation of the measurements.

Fig. 3. Section taken 45mm from the sample bottom after 80 h
exposure (0.01 wt% S) at 1000�C, highlighting the growth of

the silica crystals.

Fig. 4. Section taken 45mm from the sample bottom after
140 h exposure (0.01 wt% S at 1000�C, showing cristobalite

crystals at the oxide/ceramic interface.
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there was also evidence of isolated SiC grains in the
scale close to the ceramic interface.

The elemental and morphological characteristics
of the corrosion products grown on the silicon
carbide exposed to the 1 wt% S marine diesel con-
trasted to that described above. A relatively thin
(�5�m) and dense amorphous silica glass had
formed on samples exposed for up to 120 h. Only
small amounts of sodium and aluminium con-
tamination were identi®ed in the scales and no
preferential attack mode was observed at the cera-
mic/scale interface. Negligible weight increases of
the alumina crucibles after six thermal cycles indi-
cated the relatively high viscosity of the corrosion
products. However, the sample that had been
exposed to the combustion environment for 160 h
was coated in a sodium silicate glass of 200�m
thickness in certain places. There was clear evi-
dence of needle-shaped crystals, most probably
cristobalite identi®ed by XRD, that appeared to
prevent the escape of gas bubbles. The unevenness
of the ceramic/scale interface after this exposure
period indicated that the silicon carbide degrada-
tion was non-uniform, and the relatively high
weight increase of the alumina crucibles suggested
that the glass was ¯uid. Repeat tests were performed
to determine if these corrosion product features,
observed over the last two cycles, were repro-
ducible. The results from this exercise con®rmed
that the sudden accelerated corrosion was caused
by changes in the combustion environment, namely
fuel or ocean water ¯uxes, and that this behaviour
was not representative of the materials perfor-
mance under uniform experimental conditions.
Previous experience with burner rig testing has
highlighted that unusually high corrosion rates are
exhibited when less fuel or excess salt is accidentally
injected in to the rig. Furthermore, a separated
study performed in this laboratory (as yet unpub-
lished) showed that the corrosion rate decreased
markedly when the arti®cial ocean water was delib-
erately switched o� every alternate thermal cycle.
In an e�ort to discern the relationship between

sulphur and sodium, the corrosion products were
characterised by Electron Microprobe Analysis
(EPMA). After 40 h, only the corrosion product
formed in the 0.01 wt% S fuel environment was
thick enough to allow accurate analysis. Silicon
and oxygen were evenly distributed throughout the
scale, in approximate concentrations of 30 and 70
at%, respectively, indicating that the corrosion
product was silica. The results also indicate that
the oxide scales were sodium contaminated, with
the level of contamination remaining comparable
over the test duration. However, a signi®cant dif-
ference existed in the level of Na incorporated in
the silica oxide formed on the SiC samples exposed

to both combustion environments. After 160 h
exposure, sodium was present in the silica glass
exposed to the 0.01 %wt S in concentrations up to
�5 at%, whereas only 0.1 at% Na was detected in
the oxide exposed to the 1 wt% S fuel combustion
gas.

4.2 1300�C
The average weight gains of the silicon carbide
samples exposed in both combustion environments
at 1300�C were comparable, as shown in Fig. 2. A
weight gain of �1mg cmÿ2 was measured after
120 h in the two di�erent pSO3

gases. Higher weight
gains were registered on the alumina crucibles in the
0.01 wt% S fuel gas compared with that measured
in the 1 wt% S combustion gas, indicating varia-
tions in the viscosity of the corrosion products in
both combustion environments. However, the dif-
ference was not as great as that observed at 1000�C.
Microstructural analysis indicated that the oxide

scales were similar after a speci®c exposure period
in both combustion environments. Figures 5 and 6
highlight the variation in corrosion product
morphologies and chemical compositions with
time. XRD identi®ed that cristobalite was the pri-
mary crystalline corrosion product in all cases, but
small quantities of tridymite were also detected.
SEM investigation of transverse sections through
the scale revealed that the corrosion product
thickness increased with time, although the actual
thickness depended on the face analysed and the
distance along the sample from which the section
was taken. Silicon carbide samples removed from
the burner rig after 80 h had corrosion products
consisting of an inner and an outer layer. The inner
layer contained crystals, rich in silicon and oxygen,

Fig. 5. Section taken 45mm from the sample bottom after
80 h exposure at 1300�C (1 wt% S), showing silica crystals and

silicate glass.
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which grew outwards from the ceramic/scale inter-
face with time. The outer layer, on the other hand,
was amorphous and sodium contaminated.
EPMA results highlighted that the sodium con-

centrations were higher in the outer scale of sam-
ples exposed to the 0.01% S fuel gas. Comparing
the concentrations after 160 h, 5 and 12 at% Na
was detected in the oxide layer grown in the 1 and
0.01 wt% S environments, respectively. This is
consistent with the results at 1000�C that also
indicated that the oxide formed in the 0.01 wt% S
environment had a higher Na content compared
with that formed in the 1 wt% S combustion gas.

5 Discussion

The results show that the corrosion behaviour of
silicon carbide is quite complex in simulated gas
turbine environments. Under the experimental
conditions used in this investigation, the rate of
SiC corrosion product formation was substantially
greater than that expected from simple oxidation.
This suggests that the SiO2 is being altered,
reducing its protective properties and allowing
accelerated corrosion to proceed. Alkali con-
taminants in the gas phase are incorporated in the
scale where they change the transport and chemical
properties of the corrosion product. The incor-
poration of sodium in the scale was correlated to
higher weight gains, thicker corrosion layers and
enhanced corrosion. It would seem unlikely that
SiC degradation would depend on pSO3

above the
dew point of sodium sulphate, unless there is an
in¯uence of sulphur on aNa2O

. In the present study,
both thermodynamic calculations and negligible

weight gains of the alumina control specimens,
indicate that liquid Na2SO4 was not present in any
of the simulated combustion environments. There-
fore, little importance is attached to eqn (2) in
these corrosion processes above the dew point, as
expected. Also, sulphur contamination was not
identi®ed in any of the scales, eliminating a possi-
ble direct e�ect of sulphur on degradation. How-
ever, the results show that, at 1000�C, there is a
clear in¯uence of pSO3

on corrosion. Higher pSO3

values set lower aNa2O
which ®xes acidic conditions

and SiO2 may remain stable. On the other hand, a
low pSO3

sets higher Na20 activities which results in
higher Na concentrations in the glass, thereby
reducing the viscosity of the corrosion product and
increasing di�usant transport rates. These obser-
vations suggest that Na2SO4 is still important even
when no condensed phase forms. Thus, at 1000�C,
eqn (4) appears to play a signi®cant role in the
corrosion process, contrary to thermodynamic cal-
culations that predicts aNa2O

to be independent of
sulphur (Table 1).
Di�usion of alkali metal ions in vitreous silica is

inversely proportional to ionic size,11 so Na, hav-
ing a small ionic diameter, would be expected to
di�use quite rapidly towards the SiC. Sodium
could then (if the conditions allow) react with the
silica to form sodium silicate via eqn (3), lowering
the glass viscosity. The result of which is that oxy-
gen di�usion through the glass is accelerated, since
it has been shown that atomic oxygen di�usivities,
can be six orders of magnitude faster in sodium
silicate12 than in SiO2 glass

13 and that the addition
of network breaking ions, such as sodium, is likely
to increase the ionic oxygen di�usion coe�cient.
Oxygen is then able to react with the SiC at the
scale/ceramic interface at a faster rate, forming
more silica and CO than under simple oxidation
conditions. Since the diameters of CO and O2

molecules are similar (2.58 and 2.73AÊ , respec-
tively), the permeability of CO is expected to be
comparable with that of O2. The presence of more
gas bubbles in the scales formed on the samples
exposed to the 0.01 wt% S fuel can, therefore, be
explained if there is greater in¯uence from ionic
di�usion on the degradation process. Also gas
permeation is reduced by the incorporation of Na+

in interstitial sites14 and, thus, CO bubble forma-
tion would be more likely when the rate of corro-
sion is controlled by ionic di�usion. The faster
corrosion when the scales are contaminated with
sodium is supported by the work of Babini et al.15

who reported that the contamination of metallic
impurities, such as sodium, lowers the viscosity of
the glass, promoting ionic di�usion.
There are clear kinetic di�erences in the oxidation

behaviour of the SiC exposed to the two sulphur

Fig. 6. Section cut 15mm from the bottom of the sample
removed after 160 h (0.01 wt% S) at 1300�C, illustrating the

bubble morphology in the inner scale.
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fuels at 1000�C. Corrosion in the 1 wt% S com-
bustion environment was a�ected by changes in the
fuel or ocean water ¯uxes. A decrease in pso3

resul-
ted in an increase in aNa2O

that led to increased Na
incorporation in the scale. Since the percentage of
Na in the oxide does not change considerably with
time under uniform exposure conditions, corrosion
is sensitive to the environment's ability to alter Na
pick up by the scale. It appears that once aNa2O

is
su�ciently high enough to permit a critical level of
impurities in the scale to be exceeded (which is less
than 0.1 at% Na), the physical properties of the
scale are signi®cantly altered to accelerate trans-
port rates. Corrosion is thereby enhanced, due to
the increased oxygen transport and other di�u-
sants, through the lower viscosity glass.
The results obtained in the 0.01 %S fuel gas at

1000�C highlight the importance of controlling the
amount of Na injected into the rig. The lower
quantity of Na injected into the burner rig during
the fourth cycle coincided with a decrease in the
rate of reaction. This observation may be further
explained by considering corrosion to be controlled
by di�usion through the cristobalite crystals that
formed during this run. Silica crystals were allowed
to nucleate and grow probably due to a shift in the
glass composition across the Na2O±SiO2 liquidus.
It has been reported elsewhere16 that crossing into
the two phase region of the phase diagram17 cor-
responds to the presence of signi®cant quantities of
pure SiO2, and a decrease in the rate of reaction.
Those results were obtained from a study where a
single salt coating was applied to the SiC samples
before exposure to elevated temperatures. The
corrosion route in this investigation may be expec-
ted to be quite di�erent since salt was continually
injected into the rig. However, under the condi-
tions used in this study, protective silica formation
would be more likely if the level of scale con-
tamination is decreased. This result supports the
earlier remark that corrosion is sensitive to the
environment (pso3

).
The results suggest that once a certain level of

scale contamination has been surpassed (which
prevents the formation of silica crystals), there is
less in¯uence from sodium on corrosion, i.e. uni-
form corrosion rates as Na contamination con-
tinues to increase. Enhanced oxygen transport,
either as an ion or molecule, can explain many of
the experimental observations and it may also
account for the linear kinetics which imply that an
interfacial reaction is rate controlling. Sodium
contamination of the scale creates di�usion rates
that are extremely fast, to the extent that an inter-
facial reaction is the slowest oxidation step. The
linear rate of reaction is in agreement with the
work of Mayer and Riley18 who observed that

oxygen di�usion was not a�ected by changes in the
Na2O±SiO2 glass composition. However, since
corrosion increased with the quantity of Na2CO3

applied to the samples, their study highlighted that
the activity of Na2O at the outer surface was a cri-
tical parameter in determining degradation.
The similar corrosion rates observed on the SiC

exposed to both combustion gases at 1300�C can
be attributed to the formation of an inner crystal-
line silica layer. It appears that this region acts as
an e�ective oxidation barrier, decreasing oxygen
di�usion, even when the driving force for silica
dissolution by aNa2O

is higher at this temperature.
Thermodynamic calculations show that there is no
change in aNa2O

in the two combustion gases
(Table 1). However, the higher concentration of
Na in the samples exposed to the 0.01 wt% S fuel
(which resulted in the formation of a lower viscos-
ity glass), suggests that there is still an in¯uence of
pso3

on aNa2O
. It is only because corrosion is con-

trolled primarily by the properties of the crystalline
SiO2 layer rather than that of the glass, that the
e�ect of pso3

is concealed. The formation of lower
viscosity glasses, caused by the exposure in low pso3

environments, may have an in¯uence on the mate-
rials performance if the glass is able to run o� the
sample surface. This e�ect might be seen at longer
exposure times than those used in this study.
Increasing the temperature should reduce the

viscosity of any glassy phases, enhancing the
transport properties and the rate of reaction. On
the other hand, since Na can promote silica crys-
tallisation, the e�ect of its incorporation in the
scale can be quite complex. However, it appears
that aNa2O

does not in¯uence corrosion sig-
ni®cantly at 1300�C, since the formation of silica
crystals is more in¯uential on corrosion compared
with lower viscosity glasses. Therefore, the degra-
dation of SiC is most likely controlled by di�usion
through the crystalline layer. This agrees with the
kinetic information that shows a decrease in the
rate of corrosion with time.

6 Conclusions

The corrosion rate of SiC in simulated combustion
environments was enhanced when the corrosion
product was contaminated with sodium. pso3 in¯u-
ences aNa2O

at both temperatures studied in this
investigation (1000 and 1300�C) to the extent that the
level of sodium contamination in the glassy corro-
sion product was inversely proportional to pso3. This
indicates that Na2SO4(g) is involved in the corrosion
process even at temperatures above the dew point, in
the regime where thermodynamic calculations pre-
dict that aNa2O

is independent of sulphur.
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At 1000�C, corrosion was extremely sensitive to
pso3

setting the activity of Na2O, subsequently
in¯uencing the physical and chemical properties of
the SiO2 glass. The faster oxygen transport through
the low viscosity corrosion products allowed accel-
erated corrosion to proceed. It is suggested that the
rate of oxygen di�usion is rapid compared with an
interfacial reaction, thus explaining the linear
kinetics that were observed at this temperature.
At 1300�C, the degradation process was con-

sidered to be dictated by the complex e�ect of
sodium in the corrosion product. The formation of
an inner crystalline silica layer e�ectively limited
SiC degradation. This layer concealed the e�ect of
pso3

on corrosion, even though pso3
in¯uenced the

viscosity of the glass. The rate of corrosion was
controlled by oxygen di�usion through the crystal-
line silica layer meaning that the impact of sodium
contamination in the glass was less dominant.
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