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Abstract : Si, N, O ceramics was fabricated from powder by hot-pressing in N, at mosphere . The resistance of the cera mic

sample to oxidation and erosion of molten silica was investigated . The bulk density and open porosity of the ceramic sample

were measured according to the Archimedes principle in water. Then fracture surface of the sintered body was observed by

SEM. The results and analysis indicate that the resistance of Si, N, O ceramics to oxidation and erosion of molten silica in-

creases when its density increases and/ or its open porosity decreases . Moreover, they also reveal that the oxidation process

is an unsteady dispersing process with oxygen as the constant source , and the resistance to erosion of molten silica related

to the quantity of grain boundary in unit surface area. The lowest mass gainis 2 .4 g/ m? after oxidizing at 1 000 C for 100

h in air, while the lowest mass loss is 2.9 g/ m? after 40 h erosion in molten silica .
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1 INTRODUCTION

Silicon oxynitride ( Si; N, O) ceramics should be
regarded as a fine refractory because of its excellent
resistance to oxidation and erosion of molten silica and
nonferrous metals . In addition, it has been recognized
as a promising engineering material because of its
good mechanical properties similar to Si; Ny and SiC

ceramics!' “*1,

Silicon oxynitride ceramics may in
principle be prepared in two different ways. One is to
sinter the mixture powder of Si; Ny and SiO, according
to the following reaction:

Si; Ny +Si0, =28Si, N, O (1)
Another is to sinter the pre-synthesized Si, N, O pow-
der directly . It seems that the latter method is more
advantageous because it allows more suitable process-
ing . However, up to today, reports and papers about
Si; N, O ceramics have been rare in China, no more
then in other countries. Especially, we have not
found any literature about preparing Si, N, O ceramics
via the second method. This paper aims to inquire the
resistance of Si, N, O ceramics to oxidation and erosion

of molten silica based on our previous workl® " 71,

2 EXPERI MENTAL

2.1 Raw materials

Si; N, O powder ( pre-synthesized by the authors,
containing cristobalite 7 % ( mass fraction) or so,
mean size 0 .88 pm, synthesizing method referred to

Ref .[5]) ; Ny(high purity) ; Y,O0;( A.R.) ; absolute
alcohol ( che mical purity) ; Si; Ny powder ( & Siy Ny >
88 %, N>38 %) .

2.2 Procedure

Since there was 7 % or so cristobalite in raw
Si, N, O powder, a moderate amount of Si; N, powder
was added into the mixture in order to reduce the
quantity of residual SiO, in the ceramics, which
would be fabricated in further experiments . This was
based on reaction (1) during sintering processes in
which SiO, and Si; N, would react and form Si, N, O.

The mixture powder of raw Si; N, O, Si; Ny and
Y, O; was milled with absolute alcohol and Al, O; balls
in a plastic jar for 4 h, and then the mixture was
dried. The dried mixture powder was sintered under
30 MPa pressure in1 650 C N, at mosphere . By alter-
ing sintering time , samples with different properties
were therefore obtained.

The bulk density @ and apparent porosity pp of
the sintered body was measured according to the
Archimedes principle in water, then the relative den-
sity ¥ was calculated through the following formula :

Y=o/ an (2)
where gy is the theoretical density of the sample of
Si; N, O ceramic, and it is obtained through

on = 2 wa (3)
where  w; is the mass percentage of i component in
Si; N, O ceramics , and g is the theoretical density .

The mass gain of the ceramic sample would be
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measured after it had been treated in the 1 000 C air
for hours. Then the resistance of the ceramic sample
to oxidation would be assessed according to the mass
gain in unit surface area .

The mass loss of the ceramic sample was mea-
sured after it had been impregnated for hours in
molten silica, the components of which were similar
to that of common glass. Then the resistance of the
ceramic sample to erosion of molten silica was assessed
according to the mass loss in unit surface area .

Micrograph of the fracture face was observed
with a scanning electron microscope ( SX40) .

3 RESULTS AND DISCUSSION

3.1 Results

The results and some experimental parameters
are listed in Table 1. Fig.1 illustrates SEM micro-
graph of the fracture faces of sintered samples 1 ~ 3.

3.2 Resistance to oxidation

Table 1 shows that with respect to the same ce-
ramic sample, the mass gain in unit surface ( A my)
gradually increases with the oxidizing time; while
with respect to the different ceramic samples, A my
gradually decreases with the sintering time .

It is by affecting on the density and microstruc
ture of the ceramic sample that the sintering time af-
fects the resistance of the sample to oxidation. For
ceramic materials , the resistance to oxidation mainly
relates to the apparent porosity , and the relation for-
mula bet ween the oxidation mass gain and the surface
area of the sample is as followst 1

Am= KS= K( S+ S5 (4)
where A m is the total mass gain of the sample; K
is a constant; S is the total surface area; S, is the
surface area determined by the geometric size; S, is
the surface area that related to the apparent porosity .

It is hypothesized that there are N apparent
pores in unit surface of the sample and these pores are
spherical with a mean radius r, then the total volume
( Vy,) of these pores is

V= Nemr’ (3)
and their surface S, is
Sy = Ne4ms? (6)

Moreover, it is further hypothesized that the ap-
parent porosity is p, then

Vi = S p (7)
where f is also a constant . The following formula is
obtained from Formula (5) , (6) and (7) :

Sw=3fplr (8)

Fig.1 SEM photographs of fracture faces of Si, N, O ceramic sa mples
(a) —Sample 1 ; (b) —Sample 2; (¢) —Sample 3

Table 1 Che mical stability of Si, N, O cera mics

S | Sintering Relative Apparent Oxidation resistance Silica erosion resistance
a mples time/ h density/ %  porosity/ % time/ h Amy/(10 e m™ ) time/ h Amy/(10 e m™ )

20 0.52 10 -0.34

6 0.5 94 1.8 40 0.94 50 - 6.67
100 1.20

20 0.32 10 -0.32

3 1.0 98 0.5 40 0.76 50 -5.36
100 0.97

20 0.24 10 -0.29

7 1.5 100 0.2 40 0.68 50 - 4.51
100 0.70
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Then the following formula will be obtained:

S,= S0° Sup= So*3 fopl v (9)
Combining (9) with (4) , then
Am= KSy+ S5¢*3 Kf* p/ 7 (10)

In addition, the following Formula (11) will be fur
ther obtained:

Amy=Aml Sg= K+3 Kf* p/ 7 (11)

It may be known from Formula (11) that the
oxidation mass gain of unit surface of the sample
( A my) relates to the apparent porosity , and the more
the apparent porosity is, the more the mass gain is.
At the same time, the relevant data in Table 1 also il-
lustrates that A m, may reduces with decreasing ap-
parent porosity during the oxidizing time of the same
length .

Moreover, Si; N, O may react with O, and fur
ther form a protective SiO, film in elevated te mpera-
ture air, and the reaction process is controlled by the

dispersing mechanis m®?

. Because the partial pressure
of O, is a constant in air, and the O, partial pressure
needed in the reaction between O, and Si, N, O is also
a constant, the above dispersing process satisfies the
edge conditions of an unsteady dispersing process with
a constant source . For an unsteady dispersing process
with a constant source , there is the following approx-
imate relationship between the dispersed depth x and
the dispersing time 1ol

x=k /Dt (12)
where k —constant ; D —dispersing coefficient .

Formula (12) indicates that x is approximately

proportional to ﬁ, that is, to elongate 1 time of x
needs to elongate 4 times of dispersing time .

Moreover , it can be proved that the relationship
between A myand x is linear. A mgincreases with the
oxidizing time (i.e. the dispersing time) . However,
the changing rate of A m, gradually decreases. Com-
paring the relevant data in Table 1, we can discover
that the experimental results are in accordance with
the above- mentioned analysis .

3.3 Erosion to molten silica

The data in Table 1 also illustrates the relation-
ship between the sintering time and the resistance to
molten silica. For the same sample, the longer the
eroding time is, the more the mass loss ( A my) is.
While for different samples, it is also illustrated in
data that A mg decreases with sintering time during
eroding .

In fact, similar to the resistance to oxidation,
the ceramic resistance to erosion of molten silica will
also be affected by the density and microstructure of
the sample . The higher the density is, and the lower
the apparent porosity is , the stronger the resistance to

erosion of molten silica is, which has been proved by
the data in Table 1 .

Moreover, maybe the glass phase in the grain
boundary is easier to erode than Si;N,O grains.
Therefore, the bigger the grain is, the lower the
quantity of the glass phases in the grain boundaries
is . Carefully observing the three photographs in Fig .
1, we may discover that the grains are bigger and
bigger from Fig.l (a) to (c) . In addition, combin-
ing the data in Table 1, we can further discover that
the erosion resistance of the sample is stronger and
stronger from Sample 1 to Sample 3. Therefore, that
the results are in accordance with the above- men-
tioned analysis .

4 CONCLUSIONS

The resistance of Si, N, O ceramics to oxidation/
erosion of molten silica related to its density , and may
increase with increasing density or decreasing appar
ent porosity . Moreover, the resistance of erosion of
molten silica relates to the amount of the grain bound-
aries in the sample surface . It can improve the resis-
tance of erosion of molten silica to enhance the size of
the grains and to reduce the amount of the grain
boundaries in the sample surface .
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