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Abstract

Oxidation behavior and effect of oxidation on the room-temperature flexural strength were investigated for ZrB,—10vol% SiC (ZB10S) and
ZrB,-30vol% SiC (ZB30S) in air at 1500 °C with times ranging from 0.5 h to 10 h. The oxide scale of both ZB10S and ZB30S was composed of
an outer glassy layer and an inner extended SiC-depleted layer. The changes in weight gain, glass layer thickness, and extended SiC-depleted layer
thickness with oxidation were measured. Analysis suggested that the extended SiC-depleted layer was most indicative for evaluating the oxidation
resistance. Compared to the ZB10S, the improved oxidation resistance in ZB30S was attributed to the viscosity increase of glassy layer and the
lower number of ZrO, inclusions in the glassy layer. Because of the healing of surface flaws by the glassy layer, the strength increased significantly

by ~110% for ZB10S and by ~130% for ZB30S after oxidation for 0.5 h.
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1. Introduction

Among ultra high-temperature ceramics (UHTCs), ZrB» has
a desirable combination of low theoretical density, high melting
temperature and thermal conductivity, which makes it attractive
for use in thermal protection systems and scramjet engine com-
ponents for hypersonic flight vehicles.! When ZrB; is exposed
to air at high temperatures, it reacts with O, to form ZrO, and
B2032

5
ZrB; + 502 — ZrO; 4 B,03(1) (1)

Due to high vapor pressure, the B,O3 evaporates above
1100 °C?:

B20s3(1) — B203(g) @

The removal of B,O3 by vaporization leaves behind a porous
ZrO, scale, which results in the rapid linear oxidation kinet-
ics above 1400 °C.3 Thus, the high-temperature applications of
monolithic ZrB; will be limited by its poor oxidation resistance.

The addition of SiC has been reported to improve the oxida-
tion resistance of ZrB,.3= Above 1100 °C, SiC reacts with O
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according to the following reaction:
. 3 .
SiC + 502 — SiOx(1) + CO(g) 3)

The SiO, and B>0O3 form a borosilicate liquid, which cov-
ers the exposed surfaces. As temperature increases, BoOs3 is
continuously removed from the borosilicate liquid, leading to
the formation of a SiOj-rich glassy layer. Because SiO; is
significantly less volatile and more viscous than B> O3, the SiO,-
rich layer provides effective oxidation protection for ZrB,-SiC
above 1100 °C.>

In the past 5 years, groups in the United States, Italy and
China have investigated the oxidation behavior of ZrB,-SiC
ceramics.””'? Fahrenholtz et al. have studied the structure of
oxide scales on ZrB,-SiC ceramics after oxidation at tempera-
tures up to 1500 °C.3>° They indicated that the typical scale is
composed of three layers: (1) a SiO;-rich glassy layer; (2) a thin
Zr0,-Si0; layer; (3) a SiC-depleted layer.>® The development
of the layered structure was analyzed with the aid of a ther-
modynamic model that involved volatility diagrams for ZrB,
and SiC.® The model suggested that the formation of the SiC-
depleted layer was due to the active oxidation of SiC under the
oxide scale.® Similarly, Carney et al. showed that the oxide scale
of ZrB,-SiC ceramics after oxidation at temperatures ranging
from 1400 °C to 1600 °C in air was again composed of three
layers, where the third inner layer was constituted by a ZrO;
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matrix enclosing partially oxidized ZrB; with Si—-C-B-O glass
inclusions.!?

Oxidation studies conducted by Karlsdottir et al. have focused
on the surface features of the outermost glassy layer of ZrB,—-SiC
ceramics that were oxidized at 1550°C in air.”~® Island-in-
lagoon patterns were observed on oxide scales, consisting of
a central ZrO, “island” in a SiO;-rich “lagoon”. These oxide-
scale features were called convection cells because of their role
in transporting the B,Osz-rich liquid to the surface where the
B,0s3 was lost by evaporation, and ZrO, precipitated from the
remaining SiO»-rich liquid. Additionally, the effect of SiC con-
tent on the formation of convection cell features was studied,
showing that fewer convection cells formed and they were less
uniformly distributed for ZrB,—SiC with higher SiC content.’

The strength of non-oxide ceramics is affected by the
oxidation process. To better drive high-temperature engineer-
ing applications of non-oxide ceramics, an understanding of
the effects of oxidation on the room-temperature flexural
strength of the material is essential. Considerable studies have
reported strength retention for SiC and Si3Ny4 ceramics after
oxidation,'>!* but only limited experimental work involves
strength retention of ZrB,-based ceramics after oxidation.!>-16
Guo et al. compared the flexural strength of ZrB,—SiC com-
posites with nano-sized or micro-sized SiC particles before and
after oxidation in dry air at 1400 °C for 10 h.16 After oxidation,
the flexural strength increased for ZrB,—SiC containing nano-
sized SiC particles, whereas the strength of the ZrB,—SiC with
micro-sized SiC particles decreased.'®

In the present work, the oxidation behavior was studied for
ZrB,-SiC ceramics containing 10 vol% and 30 vol% SiC in air
at 1500 °C for 0.5-10 h. Firstly, the microstructural features after
oxidation were reported and discussed. Then oxidation kinetics
was analyzed on the basis of weight gain, glass layer thick-
ness and the extended SiC-depleted layer thickness. This work
attempts to determine the most suitable parameter for oxidation
resistance evaluation. In addition, the effect of oxidation time
on the room-temperature flexural strength is also studied.

2. Experimental procedure

The raw materials used were ZrB, (D19=0.46 pm,
Do =22.4 um, 98.5%, Gongyi Sanxing Ceramics Materials Co.
Ltd., Gongyi, China) and SiC (D19p=0.18 pm, Dgp=1.0 pm,
98.5%, Changle Xinyuan Carborundum Micropowder Co. Ltd.,
Changle, China). In this paper, ZrB,—SiC composites contain-
ing 10vol% and 30vol% SiC are referred to as ZB10S and
ZB308S. The starting powder mixtures were ball milled for 8 h in
acetone using Si3Ny balls in a planetary ball mill in nylon con-
tainers, and dried by rotary evaporation. Powder compacts were
hot pressed at 2000 °C for 60 min under a pressure of 30 MPa.
At temperatures below 1650 °C, the furnace was heated under
vacuum. Above 1650 °C, the atmosphere was switched to flow-
ing argon gas. A heating rate of ~10 °C/min was used between
room temperature and 2000 °C. The furnace was cooled at a rate
of ~20 °C/min.

Bars with dimensions of 2 mm x 2.5 mm x 39 mm were cut
from the hot-pressed billets and ground to a 5 wm surface finish
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Fig. 1. Schematic of the specimen configuration for oxidation testing. Four sites
(M and N on the top; O and P on the bottom) were at the one-third of length of
specimen.

for oxidation testing. Oxidation studies were conducted in a box
furnace. The samples were placed on alumina plate with minimal
contact area. For evaluating whether the formed glassy layer is
fluid at the set oxidation temperature, the specimens were tilted
as shown in Fig. 1. The oxidation of the hot-pressed materials
was conducted at 1500 °C for 0.5h, 3h and 10 h in stagnant air
and the heating rate was 10 °C/min. Weights before and after
oxidation were measured using a balance with 0.1 mg precision.
The weight change results were an average of three bars.

The hot-pressed and oxidized specimens were cut and pol-
ished for microstructure observation. Microstructures were
characterized using scanning electron microscopy (SEM) imag-
ing in an electron probe microanalyzer (JEOL JXA-8100F,
Japan) along with energy-dispersive spectroscopy (EDS, Oxford
INCA energy) for chemical analysis. Flexural strength of the
as sintered bars and oxidized bars was determined via three-
point bending with a span of 30 mm at a crosshead speed of
0.5 mm/min. For each composition and oxidation time, three
specimens were tested.

3. Results
3.1. Microstructures of hot-pressed ZrB;—SiC ceramics

Fig. 2 shows the microstructures of full dense ZB10S and
ZB30S after hot pressing. Some pits (similar appearance to
pores) were apparent in the micrographs as a consequence of
particle pullout during polishing. The SiC particles (black phase)
were well-distributed within the ZrB, (gray phase) matrix, and
were primarily located at ZrB; grain junctions. The SiC particles
tended to be isolated in ZB10S, but had a more interconnected
appearance in the ZB30S. The ZrB, grain size of ZB10S was
~3.3 wm, whereas that of ZB30S decreased to ~2.2 wm. This
showed that SiC particles inhibited the grain growth of ZrB;
during hot pressing and the effect was stronger as the volume
fraction of SiC increased.

3.2. Oxidation behavior and kinetics of ZrB,—SiC ceramics

Fig. 3 presents mass gain per unit surface area as a func-
tion of oxidation time at 1500 °C for ZB10S and ZB30S. With
increasing oxidation time, mass gain increased for both ZB10S
and ZB30S. Atidentical oxidation time, the mass gain of ZB10S
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Fig. 2. Microstructures of hot-pressed ZrB,—SiC composites: (a) ZB10S and (b) ZB30S.

was higher than that of ZB30S. For example, the mass gain of
7ZB10S after oxidation for 10 h was ~17.2 mg/cmz, whereas the
mass gain of ZB30S was only ~6.3 mg/cm?.

To understand the effect of oxidation at different points on
the sample, four sites (M, N, O and P in Fig. 1) on the top and
bottom of a bar were chosen for microstructural analysis. The
glassy layer thickness at M was similar with that of N, and the
glassy layer thickness at O was close to that at P. This implies that
the inclination of about 20° has no effect on oxidation. However,
the glassy layer thickness of the top of the sample was different
from that of the bottom. The glassy layer thickness for the top
and bottom of oxidized ZB30S was measured by SEM imaging
(Fig. 4). As expected, the glass layer thickness increased with
oxidation time on the top of the sample. However, on the bot-
tom, the glass layer thickness first increased and then decreased
slightly with oxidation time. Additionally, the glassy layer on
the bottom was thicker than that on the top after oxidation for
0.5hand 3h.

To better understand the oxidation behavior, the microstruc-
ture of the top of the bars was further analyzed. Figs. 5 and 6
show the backscattered electron (BSE) images and composi-
tional maps of top of ZB10S ceramics after oxidation at 1500 °C
for 0.5h and 10 h. Figs. 7 and 8 show the BSE images and com-

20
16 - E
12} ZB10S
E
S
g st *
3 -
1 //\‘
e ZB30S
A
0
1 1 1 1 1 1
0 2 4 6 8 10

t(h)

Fig. 3. Mass gain per unit surface area, w, as a function of oxidation time, ¢, for
ZB10S and ZB30S at 1500 °C.

positional maps of top of ZB30S ceramics after oxidation at
1500°C for 0.5h and 10h. Even with 10vol% SiC, an outer
glassy layer was formed. However, the glassy layers on ZB10S
and ZB30S had different microstructural features. ZrO; inclu-
sions were observed in the glassy layer on ZB10S, whereas very
few ZrO; inclusions were found in the glassy layer on ZB30S.
With increasing oxidation time, the size and amount of ZrO»
inclusions increased. After oxidation for 0.5 h, the size of ZrO»
inclusions on ZB10S was in the range of 1-2 wm. When the
oxidation time increased to 10h, the ZrO, inclusions grew to
5-15 pm and became rod-shaped.

Despite differences in the oxide layer thickness, both ZB10S
and ZB30S had similar layered structures in their oxide scales.
According to previous studies,>® the oxide scale of ZrB;-SiC
can be divided into three layers, as mentioned before. How-
ever, the ZrO,-Si0, layer was usually very thin, so it was
analyzed along with the SiC-depleted layer as one layer called
the extended SiC-depleted layer. Therefore, the oxide scale for
ZB10S and ZB30S consisted of two layers: (1) an outer glassy
layer and (2) an inner extended SiC-depleted layer. Fig. 9 shows
the thickness of the glassy layer and the extended SiC-depleted
layer as a function of oxidation time for the ZB10S and ZB30S
specimens at 1500 °C.
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Fig. 4. Glassy layer thickness, H, on the top and bottom of ZB30S ceramics as
a function of oxidation time, #, at 1500 °C.
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Fig. 5. Backscattered electron image (a) and compositional maps for (b) Si, (c) O, and (d) Zr of a polished section of ZB10S ceramic after oxidation at 1500 °C for
0.5h.

Fig. 6. Backscattered electron image (a) and compositional maps for (b) Si, (c) O, and (d) Zr of a polished section of ZB10S after oxidation at 1500 °C for 10 h.
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Fig. 7. Backscattered electron image (a) and compositional maps for (b) Si, (c) O, and (d) Zr of a polished section of ZB30S after oxidation at 1500 °C for 0.5 h.

Fig. 8. Backscattered electron image (a) and compositional maps for (b) Si, (c) O, and (d) Zr of a polished section of ZB30S after oxidation at 1500 °C for 10 h.
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Fig. 9. Thickness of the glass layer (a) and extended SiC-depleted layer (b) on
the top surface as a function of oxidation time at 1500 °C.

Combining the mass gain data with the glassy layer thick-
nesses and the extended SiC-depleted layer thicknesses from
Figs. 3 and 9, the oxidation kinetics were analyzed for ZB10S
and ZB30S using a generalized power rate equation!”-18:

x" =kt )

where x is the change in mass or thickness, n is the exponent,
k is the rate constant and ¢ is the oxidation time. The kinetic
parameters (n, k) and correlation coefficients (R) are listed in
Table 1. Fitting of the kinetic data was good, as indicated by
the values of the correlation coefficients (R>0.99). According

Table 1
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Fig. 10. Effect of oxidation time at 1500 °C on the room-temperature flexural
strength of ZB10S and ZB30S.

to the weight gain data, the oxidation of ZB10S and ZB30S fol-
lowed parabolic kinetics. Using the glassy layer thickness data,
the oxidation of ZB10S exhibited linear kinetics, whereas the
oxidation of ZB30S still represented parabolic kinetics. Based
on the extended SiC-depleted layer thickness data, the oxidation
of ZB10S followed parabolic kinetics, whereas the oxidation of
ZB30S followed cubic kinetics. Determination of which data are
most suitable for evaluating the oxidation behavior is discussed
in Section 4.3.

3.3. Strength retention of ZrB,—SiC ceramics after
oxidation

Oxidation influenced the strength of ZrB,—SiC ceramics
(Fig. 10). As oxidation progressed, the retained flexural strength
of ZB10S and ZB30S had similar trends. After 0.5 h, the flexu-
ral strength increased sharply, and then gradually decreased for
longer times. However, the strengths of ZB10S and ZB30S after
oxidation for 10 h were still higher than that of the unoxidized
specimens.

4. Discussion

4.1. Microstructural features of oxidized ZrB>—SiC
ceramics

The glassy layer on the top and bottom of oxidized ZS30S
differed in thickness and evolution (Fig. 4). As the temperature

Best-fitting kinetic parameters, n, k, and correlation coefficients, R, for of the oxidation of ZB10S and ZB30S based on weight gain, glassy layer and extended

SiC-depleted layer growth.

Sample Weight gain Glassy layer Extended SiC-depleted layer

n K ((mgem~2)"h~1) R n K (um"h~1) R n K (um”"h~1) R
ZB10S 2 29.7 0.9987 1 5.4 0.9976 2 34 x10° 0.9998
ZB30S 2 39 0.9990 2 34.6 0.9984 3 23 x10° 0.9995
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Table 2
Degree of material damage induced by oxidation in ZB10S and ZB30S at
1500 °C in air, assuming uniform oxidation within a sample.

Sample Degree of material damage (%)

lh 3h 10h
ZB10S 7.1 16.8 30.4
ZB30S 22 34 5.1

increases, the viscosity of glassy layer should decrease rapidly,
allowing the glass to flow due to gravity. The flow of glass would
result in a non-uniform thickness of the glassy layer, and conse-
quently affect the oxidation behavior. A previous study showed
that gravity influenced glass flow at 1400 °C and 1500 °C, but
that the effect was greater at 1600°C.!? In the present study,
SEM observation showed that the glassy layer on the top or bot-
tom of oxidized ZS30S was uniform, indicating that the effect
of gravity was small for an angle of 20°. So, in the present
work, the effect of glass flow induced by the gravity on oxida-
tion was ignored in the present analysis. The obvious difference
in the glassy layer on the top and bottom of oxidized ZS30S
was mainly attributed to the different local partial pressure. As
shown in Fig. 1, the space between the bottom of the sample
and the alumina plate was narrow. As the temperature reached
1500°C, the vapor pressure of B,O3 increased substantially,
leading to its evaporation. The narrow gap between the sam-
ple bottom and alumina plate may have allowed B,O3 vapor to
accumulate, which would suppress its evaporation. As a result,
the glassy layer on bottom could remain thicker than the top for
shorter times (0.5 h and 3 h). As oxidation progressed, the oxy-
gen partial pressure in the gap between the sample bottom and
alumina plate decreased as oxygen was consumed and gaseous
oxidation products (CO and B,03) filled the gap. Due to the
stagnant atmosphere, oxygen flow on the bottom surface might
have been constricted and this could be the reason why the glass
layer thickness did not increase on the sample bottom for longer
times (10 h).

71O, inclusions were observed in the glassy layer of ZB10S,
but not in the glassy layer of ZB30S (Figs. 5-8). During oxida-
tion at 1500 °C, B,O3 was removed from the surface of the glassy
layer by evaporation. Since, oxidation is a dynamic process,
newly formed B,0O3 is expected to continuously dissolve into the
glassy layer. So, the glassy layer should contain some B,0O3 at
any time during oxidation and any point through the glassy layer.
Because ZB10S contained 90 vol% ZrB,, oxidation of ZB10S
would produce more B>O3 in comparison to ZB30S, which con-
tained 70 vol% ZrB,. So, the B, O3 concentration in glassy layer
of ZB10S was higher than that of ZB30S. Based on the calculated
isothermal section at 1500 °C of the ZrO,—SiO,-B,>03 phase
diagram,8 increasing the BoO3 content of a Si0,-B»>03 liquid
increases the ZrO; solubility in the resulting ZrO;—Si0,-B,03
(BSZ) liquid. Combining the above analysis with the calcu-
lated phase diagram of the ternary ZrO,—-Si0,-B,03, it was
concluded that the glassy layer of ZB10S dissolved more ZrO,
compared with that of ZB30S. Karlsdottir et al. also showed
that ZrB>—20 vol% SiC and especially the ZrB,-30vol% SiC

had less dissolved ZrO; compared with the ZrB,—15 vol% SiC
because of the lower B,O3 content in the glassy layers.? In the
oxidized ZB10S, the ZrO, first dissolved into the Si0,—B;03
liquid to form a BSZ liquid at the inner side of the glassy layer.
Then the BSZ liquid would flow toward the top of glassy layer.
When the B>O3 was lost by evaporation at the outer surface,
71O, precipitated from the BSZ liquid. As oxidation progressed,
rod-shaped ZrO; inclusions 5-15 wm long grew in the glassy
layer of ZB10S.

4.2. Oxidation resistance evaluation of ZrB;—SiC ceramics

From Table 1, the oxidation of ZrB,—SiC ceramics had differ-
ent kinetic characteristics based on whether weight gain, glassy
layer thickness, or the extended SiC-depleted layer thickness
was considered. The question is which is the most suitable for
evaluating the oxidation resistance. The criteria for selection
should include: (1) the degree of material damage induced by
oxidation and (2) areasonable comparison of the oxidation resis-
tance of ZrB,—SiC with different SiC contents. The best analysis
has to satisfy the two criteria simultaneously.

As shown in Fig. 4, the oxidation on the top and bottom sur-
faces of the samples was different. This evidences showed that
the local environment was heterogeneous. In addition, evapora-
tion of B»0O3 in oxidized ZrB,-SiC should depend on the glassy
layer composition, thickness and viscosity. Therefore, even for
samples with uniform oxidation, it is not correct to compare the
oxidation resistance of ZrB,-SiC with different SiC contents
using weight gain data alone. Similarly, due to the uncertainty
due of the evaporation of B,Os, it is not correct to evaluate
the degree of material damage and compare the oxidation resis-
tance of ZrB,—SiC with different SiC contents based only on
the thickness of the glassy layer. For example, after oxidation
for 0.5 h, the glassy layer of the ZB10S was close to that of the
7ZB308S, whereas the extended SiC-depleted layer of the ZB10S
was much extended than that of the ZB30S (Fig. 9).

With the assumption that ZrB, and ZrO, have a theoretical
density, 1 unit volume of ZrB; upon oxidation only produced
1.1 unit volumes of ZrO,. Because the glassy layer covered the
outermost surface of the sample, the thickness of the extended
SiC-depleted layer was approximately the thickness of the
material damage induced by oxidation. So, it was suitable to
evaluate the degree of materials damage induced by oxida-
tion and compare the oxidation resistance of ZrB,—SiC with
different SiC contents using the extended SiC-depleted layer
thickness. Now, assuming that a uniform oxidation occurs on all
the surfaces of the specimen, the degree of damage of ZB10S
and ZB30S could be estimated from the extended SiC-depleted
layer thickness, as shown in Table 2. After oxidation for 10h,
the degree of material damage of ZB10S was about 30.4%,
whereas that of ZB30S was only about 5.1%. By this measure,
the degree of material damage in ZB30S after 10h was less
than in ZB10S after 0.5h. Based on factors discussed above,
the extended SiC-depleted layer can be considered the most
suitable for evaluating the oxidation resistance of ZrB,—SiC
ceramics.
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4.3. Oxidation kinetics and mechanism of ZrB;—SiC
ceramics

Based on the extended SiC-depleted layer thickness, the
oxidation of the ZB10S followed parabolic kinetics, whereas
the oxidation of the ZB30S exhibited cubic kinetics. Gen-
erally, the oxidation of ceramics with a protective oxide
layer exhibits parabolic kinetics (n=2), indicating a diffusion-
controlled mechanism. However, when the oxygen diffusion rate
through the protective oxide layer decreases, oxidation kinetics
deviate from parabolic behavior, tending toward a logarithmic
relationship with scale growth resulting in 7»2.17-!° For exam-
ple, oxidizing, annealing, and reoxidizing CVD SiC in situ at
1300 °C, Ogbuji reported that devitrification of the oxide scale
caused a decrease in the oxidation rate by a factor of about 30.
Oxidation kinetics showed a strong departure from parabolic
behavior, and the value of n was in the range from 6 to 10.20
Therefore, the increase in the value of n observed in the present
study from 2 for ZB10S to 3 for ZB30S, indicated that the glassy
layer in ZB30S was more protective than that of ZB10S. Hence,
we conclude that ZB30S had better oxidation resistance.

After oxidation for 0.5 h, the glassy layer of the ZB10S was
similar to that of the ZB30S. Increasing oxidation time from 0.5 h
to 3h resulted in an increase in the thickness of the extended
SiC-depleted layer by ~58 wm for the ZB10S. For compari-
son, thickness of the extended SiC-depleted layer increased by
~7 pm for the ZB30S. Therefore, the glassy layer thickness was
not the main factor that influenced the oxidation resistance. As
discussed in Section 4.1, the B,O3 concentration of glassy layer
in the ZB30S is lower than that of ZB10S. The lower B,O3 con-
centration induced the higher viscosity of glassy layer of the
7ZB30S, which should retard oxygen diffusion.’ Moreover, the
dramatic decrease in the number of ZrQO, inclusions enhanced
the protective effect of the glassy layer on ZB30S. Therefore,
the better oxidation resistance of ZB30S was attributed to two
factors: (1) the higher viscosity and (2) fewer ZrO, inclusions
in the glassy layer.

4.4. Strength retention

The change in bending strength with oxidation time was sim-
ilar in ZB10S and ZB30S. After oxidation for 0.5 h, the strength
increased by ~110% for ZB10S and by ~130% for ZB30S
(Fig. 10). An increase in strength after oxidation have been
previously observed from silicon based ceramics such as SiC
and SizNy4.!31% This increase was attributed to the formation
of a thin, dense oxide layer that could heal the surface flaws
resulting from sample processing and machining. Surface flaw
healing was effective only when the oxide layer was dense and
very thin. When the oxide layer became thicker, the flaw heal-
ing effect was counterbalanced by the generation of new defects,
either within the oxide scale or at the interface between the oxide
scale and bulk materials.!* Therefore, after further oxidation for
10, the strength was reduced by ~20% for ZB10S and ZB30S
(Fig. 10), but still, the strength was ~65% higher after oxi-
dation at 1500 °C for 10h compared to the room temperature
values.

5. Summary

Oxidation behavior and the effect of oxidation on the room-
temperature flexural strength were investigated for ZrB,-SiC
ceramics containing 10 vol% and 30 vol% SiC. After oxidation
in air at 1500 °C for 0.5-10 h, the oxide scale was composed of
an outer glassy layer and an inner extended SiC-depleted layer.
The glassy layer on top and bottom of ZS30S specimens differed
in the thickness and growth rate, which was attributed to local
differences in the environments of the top and bottom of the
specimens. ZrO; inclusions were found in the glassy layers of
ZB10S, because in this specimen more B,O3 was produced dur-
ing oxidation and the Si0O,—B;0O3 liquid could dissolve a higher
amount of ZrO;. On the contrary, almost no ZrO, inclusions
were observed in ZBS30. The changes in weight gain, glass
layer thickness, and extended SiC-depleted layer thickness with
oxidation were measured. According to each of these parame-
ters, oxidation of ZrB,—SiC ceramics showed different kinetic
characteristics. The thickness of the extended SiC-depleted layer
was approximately the thickness of the material damage induced
by oxidation, which suggested that the extended SiC-depleted
layer was the most suitable to evaluate the oxidation resis-
tance. Based on thickness of the extended SiC-depleted layer,
the oxidation of the ZB10S followed parabolic kinetics, while
the oxidation of the ZB30S exhibited cubic kinetics, indicat-
ing that the oxidation resistance of ZB30S was better than
that of ZB10S. The improved oxidation resistance in ZB30S
was attributed to the viscosity increase of glassy layer and the
lower number of ZrO; inclusions in the glassy layer. Because
of the healing of surface flaws by the outer glassy layer, oxi-
dation promoted an increase in strength. After oxidation for
0.5h, the flexural strength increased significantly by ~110%
for ZB10S and by ~130% for ZB30S. With further oxidation
(3h and 10h), the flexural strengths decreased, indicating that
a new population of defects was created within a thicker glassy
layer.
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