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Abstract: High temperature corrosion behavior of Si3N 4 8% Al,03( volume fraction) composite ceramics in sulfur oxygen

environments was studied. At 1 150 'C and 1 350 C, the corrosion processes follow parabolic law with parabolic rate con

stants (K ) of 1.45x 10~ P g% em Yo 'and 7.92x 107 ? g¥eem™ **s™ !, respectively. The corrosion mechanisms are

different at different temperatures. At 1 150 'C, the corrosion of the material is due to the destruction of SiO; layer caused

by sulfur and the active oxidation corrosion. At 1 350 C , the diffusion of additives and impurity elements to grain bound-

aries and outward to surface layers lead to the formation, growth and break of bubbles, which accelerates the corrosion

rate of the SizNy4 ceramics.
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1 INTRODUCTION

Si3N4 composite ceramics would be taken as a
candidate materials for high temperature resistant
parts in mineral fuel converting systems, such as coak
gasification, coalfiredpow er generation and industri
al waste incineration, because of its excellent oxida-
tion resistance and high temperature strength!'’. In
these systems, the combustion gas mixture of sulfur
and oxygen is the main corrosive medium.

Up to now, the study on high-temperature cor-
rosion of Si3zN4 matrix ceramics was mainly concen
trated on its oxidation behavior'*®. There are few
reports on the study of high-temperature sulfidation
and the effects of high-temperature sulfur-oxygen at-
mosphere. This paper aims to investigate the high-
temperature corrosion behavior of SisN4s8% Al,03 ce

ramics in sulfur-oxygen environments.
2 EXPERIMENTAL

The raw materials were purchased SisN4 powders
( chemically pure, mean particle diameter is 2. 5 Pm ),
AL O3 powder( chemically pure, mean particle diameter is
0. 37 ¥m) and Y,03 powder( chemically pure, mean par-
ticle diameter is 3. 0 Hm). SizN48% Al,03 mixed
powders were prepared by the multiphase suspension
method'”'. 0. 5% Y203(mass fraction) was added to

improve sintering properties. Ceramic blocks were
obtained by hot-pressing sintering( 35 MPa, 1 650 C
for 1 h) in Multr5000 functional furnace( Japan) and
made into specimens of 10 mm X 10 mm X 3 mm.
The samples with relative density of 98. 6%, were
polished and washed by ultrasonic cleaning in acetone
for 30 min, then dried and heated( 30 'C/min) to 1
150 Cor 1350 Cin self-made vacuum pipe furnace.
H,S and O, were aerated into the pipe. The flow ve-
locity and pressure of gases could be controlled by the
pressure gauges. The environment atmosphere of
specimens was kept as: at 1 150 C, p(0,)= 1.8x
10" % Pa, p(H,S)= 44 Pa; at 1350 C, p(0,)= 1.
4x 10" * Pa, p (H2S) = 320 Pa. Gas feeding contin-
ued until the temperature dropped to 600 C. Corrod-
ed specimens were weighed following their removal
from the relevant environment and corrosion extents
were expressed as mass gain. The corrosive surface of
specimens was observed by scanning electron micro-

scope (JAX-840) .
3 RESULTS

3.1 Corrosion Kinetics curves

Figs. 1 and 2 show the corrosion kinetics curves
of Si3N4 ceramics in oxygemrsulfur environments at
different temperatures( i. e. the relationship between
mass gain of specimen and corrosion time) . It is obvi
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ous that at 1 150 C the corrosion process of the ce-
ramics almost follows the parabolic law of diffusion
reaction kinetics with a parabolic rate constant:

K,=1.45x10" % g>sem™ *os7!

While at 1 350 C, the corrosion kinetics curve
of Si3N4 ceramics deviates from the parabolic law in-
stead, the corrosion rate decreases with corrosion time
after an early increasing period of about 24 h.

0.5

L~
N W

e
t

Mass gain/(mg-cm™2)

0 50 100 150 200
Time/h

Fig. 1 Mass gain of samples vs time in
sulfurr-oxygen environments at 1 150 C
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Fig. 2 Mass gain of samples vs time in
sulfurr-oxygen environments at 1 350 C

3.2 SEM results

Figs. 3 and 4 are SEM morphologies of corrosion
surface of the samples at 1 350 C and 1 150 C, re
spectively. The former shows that lots of bubbles
formed on the surface of the ceramics corroded at
1 350 C for 24 h and the bubbles have not broken
yet(Fig. 3(a)). After 72 h, not only the diameter of
bubbles increased greatly, but also most of them
broke( Fig. 3(b)). At 1 150 C, there was no sign of
bubble formation on sample surface even for 72 h cor
rosion, but white dots of oxide formed and grew on
the surface( Fig. 4) .

Fig. 5 shows SEM micrographs of crosssectional
surface of samples at 1350 C, which can more clearly
reflect the formation and break of the

Fig.3 SEM micrographs of sample surface

corroded at 1 350 C for different time
(a) —24 h; (b) —72 h

Fig. 4 SEM micrographs of sample surface
corroded at 1 150 C for 72 h

bubbles on the sample surface. After 5 h corrosion,
the surface of corrosion layer is relatively smooth and
bubbles are forming and growing( Fig. 5(a)). 72 h
later, the thickness of corrosion layer increased great-
ly. The concave convex surface of samples was creat-
ed by the break down a great quantity of bubbles that
also led to some bubbles connecting together, which
provided channels for corrosion to develop into the in-
ner part of the samples ( Fig. 5(b)) .

3.3 Microstructure analysis
Fig. 6 shows that some elements such as Y, Al, O
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Fig. 5 SEM micrographs of crosssectional
surface of samples corroded at 1 350 C for

different time
(a) =5 h; (b) =72 h

were abundant in the outer layer of the samples. It would
be noted that sulfur appeared also, suggesting that sulfur
played a role in the processes of formation and growth of
bubbles, and sulfur went into the bubbles in some forms
(SiS)1 " Although at high temperature SiS exists in the
form of gas, maybe it can not escape and exists inside
the bubbles even going into the surface layer of the

samples after cooling down.

4 DISCUSSION

In oxidation atmosphere, SiO, layer formed a
corrosion barrier through reaction of SizN4 with oxy-
gen and the further oxidation occurs only by the in-
ward diffusion of oxygen through silica layer. So the
corrosion rate is low. Its parabolic rate constant at 1
150 °C is about!” 1.0 x 10™ Pg?eem™ *os™ .

In our experiment of corrosion in sulfur-oxygen
atmosphere, the parabolic rate constant is nearly 10*
times larger than that in pure oxygen at the same
temperature. This means the corrosion mechanism
here is different from oxidation. While the partial
pressure of sulfur is much higher than oxygen in the
corrosion atmosphere of our experiment, it is possible
that the following reaction may occur preferential-
yl6: 11 121,

SisNg+ 3/20, 3Si0(g) + 2N»

It is called active oxidation. On the other hand,
even though silicon reacts with oxygen to form SiO,
in priority, the SiO; formed may continue to react
with sulfur as

SO+ 1/28:(g) — SiS(g) + 0,

The volatile SiS can destroy oxide films so as to in-
crease the corrosion rate. Therefore, the corrosion rate of
SizN4 matrix ceramics in sulfur-oxy-gen mixed gases is far
greater than in oxygen . At 1 350 C, the corrosion kinet-
ics curve( Fig. 2) doesn t follow parabolic law. It may be
due to that SisN4 ceramics could react with Oz and pro-
duce N, bubbles, and the protection of oxide films could
be destroyed because of break of these bubbles and the es-
caping of volatile corrosion products. But if the corrosion
kinetics is expressed by virtue of the variation of thickness
of material loss with expo - sure time, the corrosion

Fig. 6 SEM micrograph of crosssectional surface of samples corroded at 1 350 C for 5 h
as well as distribution of elements Si, Y, O, S and Al
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process still follows the parabolic law. Fig.7 shows
the relationship of thickness of material loss and expo-
sure time at 1 350 C in oxygerrsulfur. The parabolic
rate constant is

K'p= 2.1x107 P m?es!
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Fig. 7 Relationship of thickness of material
loss vs exposure time at 1 350 C

According to Ref.[7], 1 m**s™ ' can be convert-
ed to 3. 77 x 10°kg®*em™ **s™ . So the parabolic rate
constant above could be expressed as follows with cor-
rosion mass gain as a factor instead of corrosion thick-
ness:
Ky= 7.92x10" % g*ecm™ o7 !

which is 4 = 5 times higher than that at 1 150 C.
The reason why the corrosion rate increases greatly is
that the diffusion activity of additives (Al, Y) and
impurity elements increases with increasing tempera-
ture, which leads to the enrichment of these elements
in the surface and grain boundaries to form Y,05
AL,03-Si0; eutectic phases with low melting point.
Therefore, bubbles could easily form, grow and break
in these areas, which provides channels for corrosive
gases to penetrate onto the samples. It can be con-
cluded that at 1 350 C the corrosion arises due to
common effects of corrosive gases diffusing inward
and impurity elements diffusing outward. Because the
diffusion rate of corrosive gases is higher, the diffu-
sion of impurities becomes the dominant factor during
the corrosion process.

S CONCLUSIONS

1) The corrosive kinetics follow parabolic law at

1150 C and 1 350 C with parabolic rate constants
at 1150 C, K,= 1.45%x10° % g®=cem™ %o 5 at 1
350 C, K,= 7.92%x10 % g®ecm™ *es !

2 ) At 1150 C, the active oxidation under

lower oxygen partial pressure and the destruction of
Si0, protection layer caused by sulfur are the main
reasons to the corrosion of SisN4 matrix ceramics.

3) At 1 350 C, the main factor affecting the
corrosion of SizNg matrix ceramics in oxygen-sulfur
environments is the diffusion of additives and impuri
ties to grain boundaries and surface layers, which re-
sults in the formation of some eutectic phases with
low melting points so that the corrosion rate increases
because liquid eutectic phases facilitate the formation,
growth and break of bubbles on the sample surface.
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