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ABSTRACT
The gaseous salt corrosion of a 3D woven SiCC/PyC/SiC composite in an atmosphere containing
Na 2 S0 4 vapor has been investigated between 1000°C
and 1400°C by an experimental approach based on mass
and residual flexural strength changes. Two main
temperature domains exist for the 3D woven SiCC/PyC/SiC composite. Below 1200°C, the corrosion
kinetics is controlled by the competition of consumption
of C fibers by S0 3 and gas phase diffusion through a
network of microcracks in the SiC matrix and coating.
Above 1200°C, the corrosion kinetics is controlled by
S0 3 diffusion through the product film formed on the
SiC coating. A more serious corrosion caused by a
higher concentration of Na 2 S0 4 was discovered ih the
present work. The thickness of the corrosion product
film increases linearly with the temperature of the
samples. Active corrosion may occur in the
investigation atmosphere.
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1. INTRODUCTION
Carbon fiber reinforced silicon carbide composites,
protected by a silicon carbide coat (SiC-C/SiC), exhibit
excellent structural properties below 1500°C, and are
considered as promising candidate materials for the high
thrust-to-weight ratio turbine engine. But many

potential uses of this composite involve exposure to
combustion gases where impurities in the air and the
fuel might react and deposit as potentially corrosive
molten salt films /1,2/. There have been many studies of
the thermochemical and mechanical properties of
silicon-based ceramics and composites, including the
effect of corrosive gaseous environments on their
mechanical properties. However, the corrosion behavior
of these materials under molten salt environments is not
yet fully understood.
Jacobson and Smialek /1-6/ have studied the
corrosion of sintered α-SiC by thin films of Na 2 S0 4
under S0 3 and 0 2 atmospheres at 1000°C. They have
shown that thin films of Na 2 S0 4 lead to thick glassy
products on the SiC after 48 h at 1000°C. These
products contained small amounts of sodium silicate
and 10 to 20 times the amount of silica formed in simple
oxidation at 1000°C over the same time period. Na 2 S0 4 /
S0 2 melts led to porous, non-protective, rough, friable
scales which caused uniform pitting of the substrate. In
the case of Na 2 S0 4 /0 2 , the molten salts dissolved the
oxide film directly, rapid oxidation and dissolution led
to a thick layer of silicate melt. Subsequently, silica
formed a protective layer on the carbide.
Blachere and Pettit have studied the corrosion of
chemical-vapor-deposited (CVD) SiC and hot-pressed
SiC by thin films of sulfate under S0 3 -S0 2 and an
oxygen atmosphere at 1000°C. For the Na 2 S0 4 /S0 3
films there was relatively little reaction - except for
Si0 2 globules under a sulfate droplet on the CVD SiC.
In the case of Na 2 S0 4 /0 2 , they reported that the hotpressed SiC exhibits considerable corrosion. The
products were rough and contained many bubbles.
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loading rate was 0.5 mm min"1. The fracture surface and
the surface of the corrosive samples were observed
using a Jeol 840 scanning electron microscope (SEM).
The corrosion products were analysed by X-ray
diffraction (XRD).

3. RESULTS
3.1. Surface recession
The corroded specimens are covered with a glass
layer as a result of being exposed to the experimental
atmosphere. With increasing sample temperature, the
thickness of the glass layer increases linearly (Fig. 1)
and the thickness of the residual coating decreases,
which indicates undoubted corrosion by Na 2 S0 4 vapor
at high temperatures between 1000 and 1400°C.
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Fig. 1: Growth rates of corrosion product film.

As shown in Fig. 2, the corrosion product is discontinuous at 1100°C, existing primarily at the tricorne
zones of the agglomerates and looking like some grains;
above 1300°C, the smooth glass layer suggests that the
glass has either been molten or is much less viscous
than the normal Si0 2 layer on SiC, and the pores
indicate the generation of gaseous products. Furthermore, the thickness of the CVD SiC residual coating
decreases with the temperature increasing above 1300°C
(Fig. 3).

3.2. Thermogravimetric analysis and
strength changes

flexural

Figure 4 shows the relationship between corrosion
temperatures and mass variation of the C/SiC composite
attacked in the Na 2 S0 4 vapor and argon mixed gas
atmosphere between 1000 and 1400°C for 10 h. It is
noted that the weight loss is small. The weight loss is
greater when the concentration of Na 2 S0 4 is 100 ppm
below 1300°C. But it decreases when the concentration
of Na 2 S0 4 is 100 ppm above 1300°C.
Figure 5 shows the relationship between corrosion
temperature and residual flexural strength of the C/SiC
composite protected with a SiC sealing coating, attacked
in the Na 2 S0 4 vapor and argon mixed gas atmosphere
between 1000 and 1400°C for 10 h. It is apparent that
the residual flexural strength of the samples shows a
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Fig. 3:
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Residual coating of the corroded specimens at 1100 and 1400°C. (a) 1100°C, (b) 1400°C.
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loss of the

Na 2 S0 4 + 2SiC = 2SiO(g) + Na2S + 2CO(g)

(2)

S0 3 + C = S0 2 + CO

(3)

Some reactions may
specimens:

induce weight gain of the

3S0 2 + SiC = Si0 2 (C) + 3S0 2 (g) + CO(g)

(4)

2Si0 2 + Na 2 0(s) = N a 2 0 2 S i 0 2

(5)

Na 2 S0 4 (g) + 2Si0 2 = Na 2 0-2Si0 2 (1) + S0 3

(6)

In addition, the sublimation temperature of Na 2 S0 4
is 1275°C /8/. There is a homeostasis between the
deposit and the vaporization of Na 2 S0 4 below 1275°C,
so the deposit of Na 2 S0 4 is also a reason for the slight
weight gain of the specimens below. But above this
temperature, the small fluxes and the rapid sublimation
of Na 2 S0 4 will minimize the slight weight gain and the
possibility of Na 2 S0 4 liquid contacting the specimens.
For the C/SiC composite, the consumption of carbon
fibers will directly cause a decrease in residual flexural
strength. So the oxidation of carbon fibers by S0 3 (Eq.
3) is the dominant factor in the decrease in residual
flexural strength, and the gaseous product will cause
bubbles and pores in the corrosion film 191 and hold
back the process of reaction 2.
When investigated by XRD, Si0 2 and Na 2 0-2Si0
are found on the surface of the specimens corroded at
1300°C. It is suggested that the reactions 4, 5 and (or) 6
may have taken place. Then, a hypothesis is put forward
based on the experimental results and the analysis
results.
Below 1200°C, little oxidizing S0 3 gas is produced
from reaction 1, the atmosphere is quasi-acidic, so
active corrosion occurs (Eq. 2). But in this phase, the
deposit of Na 2 S0 4 has more influence upon the weight
change rate than the reactions. In this phase, reaction 3
starts at the same time. The corrosion kinetics is
controlled by the competition of oxidation of C fibers
by SO3 and gas phase diffusion through a network of
microcracks in the SiC matrix and coating /10/.
This can be proved by the difference in the curve

Materials

shown in Fig. 5. When the concentration of Na 2 S0 4 is
100 ppm, microcracks are revealed with increasing
temperature, the gas phase diffusion is dominant, so the
residual flexural strength at 1100°C is higher than that
at 1000°C. When the concentration of Na 2 S0 4 is 300
ppm, equation 3 becomes the leading factor, so the
residual flexural strength at 1000°C is lower.
Above 1200°C, with increasing temperature, more
Si0 2 is formed and more Si0 2 is transformed into nonprotected and volatile N a 2 0 2 S i 0 2 (the melting point is
874°C by Na 2 0 and Na 2 S0 4 (Eqs. 5 and 6), simultaneously. In this phase, the weight loss of the specimens is
attributed to the rapid volatilization or sublimation of
the products / l l / and the consumption of carbon fibers.
The strength decrease is attributed to the formation of
S0 3 , which diffuses into the inner of the specimens to
attack carbon fibers. The corrosion kinetics is controlled
by S0 3 diffusion through the product film formed on the
SiC coating /10,12/. With increasing temperature, the
diffusion rate increases and the residual flexural
strength decreases.
The diffusion of free carbon outward can also
promote the progress of reactions and lead to more
serious corrosion.

5. CONCLUSION
In the present work, the corrosion of the 3D woven
CVD SiC-C/SiC composite in Na 2 S0 4 vapor and argon
mixture gas atmosphere is discussed.
The results presented herein suggest the following
conclusions:
1. Na 2 S0 4 vapor can lead to the serious corrosion of
the 3D woven CVD SiC-C/SiC composite above
1000°C. A higher concentration of Na 2 S0 4 causes
more serious corrosion.
2. Active corrosion (Eq. 2) may occur when the
specimens are exposed to the Na 2 S0 4 vapor and
argon mixture gas atmosphere.
3. In a pure Na 2 S0 4 vapor atmosphere, S0 3 is the
oxidant instead of 0 2 (Eqs. 3 and 4).
4. Si0 2 is changed into unprotected and volatile silicate
by molten alkali salts (Eqs. 5 and 6).
5. The deposition and sublimation of solid products is a
factor influencing weight change.
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