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Abstract

a-SiC/a-SiAION composites with 80 wt% o-SiC (6H phase) were fabricated by spark plasma sintering at 1800—2000 °C in a 0.6 atm nitrogen
atmosphere. The effects of the temperatures on the phase development, microstructures and mechanical properties were investigated. The results
showed the SizNy, AIN, Al,0O3, and Y, 05 particles were isolated by the 6H-SiC to prevent a-SiAION formation at 1800 °C. The Si;N, decomposed
at 1900 °C and above, thus added Si in the phase compositions. The a-SiC grains grew anisotropic in the sintering liquids at 1800 °C and 1900 °C,
forming the self-reinforcing microstructures, and accordingly increased the flexural strength and fracture toughness. In cooling down immediately
after the temperature reached 2000 °C, a transitory hold at 1700 °C transformed the 6H-SiC into the 3C polytype in 30 s. The electric current was

suspected of activating this polytype transformation.
© 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

Silicon carbide ceramics are acommon commercial structural
material. They can be used at high-temperatures up to 1300 °C
due to high chemical stability, oxidation resistance, good thermal
shock resistance and creep resistance [1-4].

Generally, SiC ceramics are very difficult to densify and have
relatively low fracture toughness. These problems are usually
dealed with by the liquid sintering techniques, using Al,O3,
Al,O3-Y,03, or Al-B-C as the sintering adds [5-11]. The
oxides react with the SiO, present on the surfaces of the SiC
particles to form the liquid phases that promote densification. a-
SiC grains grew anisotropic to form the desired self-reinforcing
microstructures. Fracture toughness can be increased by folds,
from 2-4 MPam'’? to 6-9 MPam'/2,

However, the sintering liquids always result in an obvious
disadvantage. Upon cooling, the liquids either partly crystallize
or remain completely glassy [6,9,10]. As a result, the high-
temperature properties such as creep and oxidation resistance of
the materials [1-4] are deteriorated. Annealing and using more
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refractory additives are tried but not satisfactory. On the other
hand, solubilities of the AI**, Y3*, 0%~ and N3~ etc. in the SiC
lattice are very limited [7], making incorporation of the liquid
ingredients into the crystal lattices infeasible.

The a-SiAION/SiC composites seem to be a better choice
for the solid solution nature of the a-SiAION phase. a-
SiAION is a solution of the a-Si3zNy with a general formula of
RE,1Si 12— (nam AlninOnNi6_n (REV* =Li*, Ca?*, Y3, Yb*,
Dy3*, Nd**, etc., and 1.0 <m, n<2.5) [12-17]. During SiAION
formation, the AIN, Al,O3, and the RE oxides particles in the
starting materials react with the SiO, on the SizN4 surfaces to
produce a remarkable concentration of transient liquid. After
densification, most of the RE™*, AI**, 0%, N3~ species are
incorporated into the a-SiAION lattice, and sharply reduces
the contents of the intergranular phases. Clearly, this liquid
elimination effect can also be expected in the o-SiAION/SiC
system. In addition, because of the appearance of the sintering
liquids, a-SiAION and SiC can grow anisotropic. Therefore, a
self-reinforcing microstructure is expectable.

A few literatures have tried the SIAION/SiC composites by
hot isostatic pressing (HIP), hot pressing (HP) and gas pressure
sintering (GPS) [18-22]. However, the desired self-toughening
microstructures were not obtained. Neither the SiAION nor the
SiC grains grew anisotropic.
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Our previous study demonstrated that the self-toughening
microstructures could be developed by spark plasma sintering
(SPS) [23]. In this work, the effects of the SPS temperatures on
the phase compositions, microstructures and mechanical prop-
erties of the a-SiAION/SiC composites with 20 wt% a-SiAION
were detailed. The influences of passing a high electric current
through the densified SiAION/SiC compact on the 6H — 3C-
SiC phase transformation were also concerned, inspired by the
observations that electric current can accelerate phase transfor-
mation in metals.

2. Experimental

The starting compositions of the investigated a-SiAION/a-
SiC composites are listed in Table 1. 20 wt% «-SiAION was
added to the a-SiC. The composition of the a-SiAION phase
was Y13Si10AlbONys, i.e. m, n=1.0 in the general formula
REm/3Si12_(m+n)Alm+nOn N167n for a-SiAION. 4 wt% Y203
was used as the sintering aid.

The starting materials were the commercial a-SiC (domi-
nant 6H polymorph with ~6.7% 15R. Saint-Gobain Abrasives,
Shanghai, China), Si3zN4 (Grade E10, UBE Industries Ltd.,
Tokyo, Japan), Al,O3 (Grade A16SG, Alcoa, USA), AIN (grade
C, H.C. Stark, Berlin, Germany) and Y, O3 (grade C, H.C. Stark,
Berlin, Germany). Technical characters of the powders are listed
in Table 1. The powder mixture was mixed in a plastic bottle
using absolute alcohol and zirconia balls as the mixing media.
The slurry was dried at 80 °C in a rotary evaporator and then
passed through a 100 mesh screen.

A batch of 5g of the powder mixture was loaded in a
40 mm-height SPS die with outer and inner diameter of 50 mm
and 20 mm respectively. The die was lined by a 0.2 mm-thick
graphite sheet for easy extrusion of the sintered compact. The
SPS equipment was a Dr. Sinter 1080 (Sumitomo Coal Min-
ing Co. Ltd., Tokyo, Japan). The sintering temperatures were
monitored by a pyrometer focusing on the outer surface of the
die.

After being evacuated, the SPS chamber was backfilled with
nitrogen to 0.5 atm. At the temperature range of 1800-2000 °C,
the gas pressure could reach 0.6 atm, mainly due to heating by the
irradiation. Four sintering schedules were used. For all the sched-
ules, the temperature was increased automatically to 700 °C
in 4 min, the pressure simultaneously increased from 5 MPa to
30 MPa at the first stage. Then in schedule 1 and schedule 2, a
heating rate of 100 °C/min was used to reach the preset 1800 °C
or 1900 °C, respectively. After hold for 5 min, the pressure was
released and SPS power was shut off.

For the third schedule, the temperature was increased
from 700°C to 1700 °C at 100 °C/min, further to 2000 °C at
300 °C/min (2029 °C was reached due to over heating), and
followed by immediate shut off the SPS power. Average cool-
ing rate of 360 °C/min from the max 2029 °C to 1700 °C was
observed. For schedule 4, a short period of SPS heating was
added immediately when the temperature was cooled to 1700 °C.
For this transitory heating, a max power output up to 14.5kW
(voltage value of 6.2V and current of 2332 A) was manually
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Fig. 1. SPS ram displacement as a function of temperatures, showing densifica-
tion process of the a-SiC/a-SiAION composite. Si3Ny4 decomposed at 1900 °C.

performed and accordingly lingered the temperature at 1700 °C
for about 30 s, and then shut off the SPS power.

Schedule 3 and schedule 4 were arranged in order to compare
the effects of passing the SPS electric current through the densi-
fied compact on the phases and microstructures of the materials.

All the as-sintered materials were designated by both the
sintering temperatures and the dwelling times (Table 2). For
instance, the 2000 °C 0O min + 1700 °C 0.5 min material was the
composite fabricated by SPS at 2000 °C for 0 min and plus hold
for 30 s at 1700 °C in the cooling down process (i.e. schedule 4).

The sintered samples were ground to eliminate possible
contamination from the graphite die, then sliced, and pol-
ished to 0.5 wm diamond finish. Densities were measured by
the Archimedes’ principle. Phase compositions were investi-
gated by X-ray diffraction (XRD) using Cu Ko irradiation.
Vickers hardness was measured under 49N load and dwell
for 15s. Flexure strength and fracture toughness were mea-
sured by three-point bending and single-edge-notched beam
method respectively. The dimensions of the three-point bend-
ing samples were 4.0 mm x 1.5 mm x 18.0 mm with a 15.0 mm
span. The dimensions of the single-edge-notched beams were
4.0mm x 1.5mm x 18.0 mm using a 16.0 mm span. A 2.0 mm
deep notch was cut by a 0.2 mm thick diamond saw. The tensile
side of the specimens for the strength and toughness test was
normal and parallel to the SPS pressing direction respectively.
Three specimens were tested for each condition and standard
errors were calculated. Microstructures and fracture surfaces
were observed by scanning electron microscopy (SEM) with
energy dispersive X-ray spectroscopy (EDXS).

3. Results
3.1. Densification process

The densification processes of the a-SiC/a-SiAION com-
posites were illustrated by Fig. 1. The SPS ram travels indicated
that the densification was initiated and completed at 1412 °C and
1860 °C, respectively. The two additional shrinkages at 1900 °C
were attributable to Si3N4 decomposition and Si loss by evapo-
ration.
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Table 1
The starting composition of the investigated materials and characterization of the various powders.
Powder  Starting Manufacturer Product type Purity and principle impurities® (wt%) Particle
composition size,?
(wt%) dso (um)

a-SiC 80.000 Saint-Gobain Abrasives  SIKA SINTEX 13C  SiC>98.5; free C<0.3; 0<1.8; Si<0.5 1.0-1.2
a-SizNy 15308 UBE Industries Ltd. Grade E10 a-SizNyg >95; 0<2.0; C<0.2; Fe<0.01; Al, Ca<0.005; C1<0.01 0.5
Al O3 0.094 Alcoa Grade A16SG a-Al03>99.9; Si0; <0.01; Fe;03 <0.01; NaO <0.08 0.2-0.4
AIN 2.603 H.C. Stark Grade C AIN>96; Fe <0.005; 0<2.0 0.8-1.8
Y,03 1.995 H.C. Stark Grade C Y,03/TREO >99.95¢ 0.9

2 Inspection of the manufacturer.

b By laser diffraction.

¢ TREO =total rare earth oxides.
Table 2
Sintering conditions, density, phase composition and mechanical properties of the composites.
Sintering conditions Density (g/cm3) Crystalline phases Hyio (GPa) Kic (MPam'?) o (MPa)
1800 °C 5 min 3.006 6H-SiC 21.7£09 39+04 295 £+ 27
1900 °C 5 min 3.201 6H-SiC, Si 209 + 0.8 5.6 £ 0.6 473 + 43
2000 °C 0 min 3.106 6H-SiC, Si, Y2Si303N4 and SizAl1209Njg 18.7 £ 0.7 37+£05 447 £ 47
2000 °C 0 min plus 1700 °C 0.5 min 3.097 3C-SiC, Si 19.1 £ 0.7 45+£04 329 £ 35

The Archimedes’ measurements results are listed in Table 2.
SPS at 1800-2000°C produced dense a-SiC/SiAION com-
posites. No open porosities were detected by the density
measurements. For details of the effects of the sintering tem-
peratures on the densities, the 1800 °C 5 min material (refer
to sintering schedule 1) had the lowest density of 3.01 g/cm?,
while the 1900 °C 5 min material (sintering schedule 2) showed
the largest 3.20 g/cm>. When the sintering temperatures were
further increased to 2000 °C for sintering schedules 3 and 4, den-
sities of the resultant materials decreased slightly to 3.11 g/cm?
and further to 3.10 g/cm® in the 2000°C Omin and 2000°C
Omin+ 1700 °C 0.5 min material, respectively. The differences
in density values could be associated with the phase compo-
sitions, which were temperature dependent. For example, the
lower density for the 2000 °C 0 min material could be caused by
some Si concentration in the microstructure.

3.2. Phase formation

The XRD patterns of the different materials are shown in
Fig. 2. The crystalline phases identified are listed in Table 2. SiC
dominated all the phase compositions. In the 1800 °C, 1900 °C
Smin and the 2000 °C 0 min materials, the SiC phase was the
same 6H-SiC polytype as in the starting material, while the 6H-
SiC transformed into 3C (3-SiC) as shown in Fig. 2 the XRD
patterns of the 2000 °C 0 min + 1700 °C 0.5 min material.

No «-SiAIONs were detected in the different materials,
though the a-SiAION phase and the different SiC polytypes
had good phase compatibilities [18—22]. The absence of the o-
SiAION in the 1800 °C 5 min material was presumably due to
the high dispersion of the Si3N4, AIN, Al,O3 and Y,03 par-
ticles in the powder mixture. The small concentrations of the
oxides and nitrides were isolated by the SiC particles. The mass
diffusion of the a-SiAION ingredients in the short holding time
of 5 min at the relatively low temperature of 1800 °C was insuf-

ficient for the a-SiAION formation. a-SiAION may precipitate
by prolonging the holding. Another possible reason was the sig-
nificant amount of SiO on the SiC particles, because it was not
taken into account when calculating the starting composition.
The SiAlON composition could have been altered by the extra
Si0;.

The 0.6atm nitrogen atmosphere seemed not enough to
inhibit SizNy4 dissociation at temperatures above 1900 °C. Si
phase was presented in the 1900 °C 5 min and 2000 °C 0 min
materials, as shown by Fig. 2. A weight loss of about 7.75% in
the 1900 °C material was noticed. Because this value was much
larger than that for complete SizN4 dissociation (~6.1%), Si
evaporation probably happened. The SizN4 decomposition and
subsequent Si evaporation could have caused the additional SPS
ram travels at 1900 °C in Fig. 1.
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Fig. 2. XRD patterns of the materials synthesized under different SPS condi-
tions, (a) 1800 °C, 5 min; (b) 1900 °C, 5 min; (c) 2000 °C, 0 min; and (d) 2000 °C,
0 min plus 1700 °C for 0.5 min.
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The Si3Ny dissociation depleted the mayor a-SiAION ingre-
dient and accounted for the a-SiAION absence in the phase
compositions of the materials sintered at 1900 °C and above.
Consequently, the Al,O3z, AIN, Y»0O3 were preserved and
reacted with the SiO; on the SiC particles to form a “perma-
nent” instead of the “transient” liquid that would be incorporated
into the a-SiAION lattices. Upon cooling the liquids crystal-
lized as Y,Si303N4 and SizAl120O9Njg in the 2000 °C 0 min
material. However, the absent X-ray diffractions suggested their
glassy natures of the solidified secondary phases in the other
materials. The reason why the liquid showed different crystal-
lization abilities in the different materials is intriguing but is not
clear.

3.3. Microstructure development

The microstructures of the different materials are shown in
Fig. 3. No residual pores were observed in the SEM micro-
graphs, indicating full densities. For all the materials, the bright
contrast was attributed to the YSiAION phase, crystalline in the
2000 °C 0 min material but glassy in the others. The YSiAION
liquids wetted the SiC particles and infiltrated the grain bound-
aries. In the 2000°C Omin material, crystallization of the
Y2Si303N4 and SizAl1209Njg phases depleted the intergran-
ular YSiAION, therefore the intergranular glassy phase was
significantly reduced.

Dark areas in the microstructure of the 1800 °C 5 min material
were mostly grain pulloff. The small grain sizes in the 1800 °C
material made the grain boundaries prone to polishing fatigue.
Due to lack of a-SiAION formation, an Al-O-N rich phase
was occasionally recognized in the 1800 °C 5 min material. This
Al-O-N phase also had a dark contrast.

In the microstructures of the 1900 °C 5min and 2000 °C
O min materials in Fig. 3, the phases showed the darkest con-
trast were the Si product from the SizN4 decomposition. The
Si was distributed along with the gray SiC grains, indicating its
preference of wetting the SiC particles.

Fig. 3 shows the SiC grains were elongated to have a mean
diameter of 1.2 wm and aspect ratio up to 6 in the 1800°C
5 min material. The grain elongation rather than the equiaxed
morphology of the starting SiC particles was attributed to the
Ostwald ripening happened in the sintering liquids. The pro-
jected parts of the irregular SiC particles should have dissolved
in the surrounding liquids, then relocated and grew the elon-
gated SiC grains. This grain growth behavior was different from
the usual microstructure formation in the self-toughening SiC
ceramics, where the microstructure was formed mainly by the
3C to 4H-SiC polytype transformation [6,7,10,11].

When the sintering temperatures were increased to 1900 °C
and above, the 6H SiC grains grew slowly to 2.2 pum and 3.1 pm
in average diameter in the 1900 °C 5min and 2000 °C 0 min
material, respectively. In comparison, fast grain growth hap-
pened in the 2000°C Omin+ 1700°C 0.5 min material. The
average diameter of the 3C-SiC grains transformed from the 6H
phase reached 15 wm (Fig. 3). Some YSiAION was entrapped
in the large 3C SiC grains suggesting the fast movement of the
grain boundaries.

3.4. Mechanical properties

The mechanical properties of the different materials are
listed in Table 2. The Vickers hardness, flexure strength, and
fracture toughness in the range of ~21.7 GPa, ~473 MPa and
~5.6 MPam!”? respectively, were typical for a SiC ceramic [7].
The commercial SiC materials had flexure strength and fracture
toughness of ~400MPa and ~4 MPam'?. The lower Vick-
ers hardness than the reported 24 GPa was explainable by the
large concentration of the intergranular YSiAION and Si in the
materials.

The largest Vickers hardness of 21.7 GPa observed in the
1800 °C 5 min material was due to the finer microstructure, simi-
lar to SizN4 ceramics. Si3N4 ceramics having fine microstructure
usually exhibited higher hardness than coarse microstructures
[24]. Although the SiC grains showed the anisotropic growth,
they were too small to perform significant load transfer and
toughening mechanisms, hence relatively low flexure strength
and fracture toughness for the 1800 °C 5 min material.

Maximum mechanical properties were reached in the
1900 °C 5 min material, with the best flexure strength and frac-
ture toughness up to 473 MPa and 5.6 MPam!/?, respectively.
The further elongated growth of the 6H SiC grains explained
both the strength and the toughness improvements [25]. When
the sintering temperature was further increased to 2000 °C,
the flexure strength of the obtained 2000°C Omin material
decreased slightly to 447 MPa, and the fracture toughness loss
was more remarkable. Table 2 showed the 2000 °C 0 min mate-
rial had the lowest toughness of 3.7 MPam!/2.

The fractographs of the different materials are shown in
Fig. 4. Intergranular fractures dominated the fracture modes.
Although the crack propagation along the grain bound-
aries which produced the intergranular fractures, was usually
expected to result in high fracture toughness, the investigated
materials only had moderate fracture toughness as shown in
Table 2. The inferior mechanical properties than the reported
values, may be explainable by the over-weakened interfacial
bonding by the Si segregation along with the SiC grains, espe-
cially for the 2000 °C 0 min material as shown in Fig. 3. This
Si segregation gave profound interfacial debonding as shown
in Fig. 4. But the over-weakened interfacial bonding strength
degraded both the strength and the toughness.

4. Discussion
4.1. Optimal sintering temperatures

The original aim of investigating the a-SiC/a-SiAION com-
posites was to synthesize a ceramic composite having elongated
o-SiC grains in the microstructure. The ideal achievement would
be that the transient liquid before a-SiAION formation densi-
fied the composites. Then the a-SiC grains grew anisotropic
in the transient liquid to improve mechanical properties. After
densification and SiC grain growth, the Y3*, AI**, Si**, 02—,
N3~ species in the sintering liquid were incorporated into the
a-SiAION lattice. Therefore, the contents of the intergranu-
lar phases were reduced, benefiting the high high-temperature
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2000°COmin

.

Fig. 3. SEM images of the microstructures for the investigated materials. 6H-SiC grains grow by Ostwald ripening, but transform into 3C phase in 0.5 min at 1700 °C
during cooling down from 2000 °C.

1800°C5min

2000°COmin

Fig. 4. Fractographs of the materials synthesized under different SPS conditions. Si in the microstructure may weaken the interfacial bonding to give the dominant
intergranular fracture mode.
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mechanical properties such as flexure strength and creep resis-
tance. We had synthesized the self-toughening o-SiC/a-SiAION
composites with 0—40 wt% 6H SiC by SPS in the previous work
[23]. Both the a-SiAION and the a-SiC grains were elongated
and performed significant self-toughening effects. The former
success in achieving the self-reinforcement by SPS encouraged
us to investigate this composition with a high a-SiC content of
80 wt%.

It seemed the a-SiAlON/a-SiC composites with 80 wt% o-
SC addition reached full density by SPS at 1800-2000 °C for
0-5 min. Although the «-SiC grains in the 1800 °C material
showed anisotropic growth with high aspect ratio up to 6, the -
SiC grains with an average diameter of 1.2 um were too thin to
perform sufficient reinforcing effects [25]. Therefore, the flex-
ure strength only reached the level for a typical commercial
SiC ceramic. Prolonging the holding at 1800 °C seemed to be
necessary to achieve a better mechanical performance.

Another factor that required longer holding was the o-
SiAlON formation. The ingredients for the a-SiAION phase in
the starting powders were highly isolated by the a-SiC particles.
Hold at 1800 °C for 5 min was not enough to form the a-SiAION
phase, as shown by the XRD analysis results in Fig. 2 and
Table 2.

Higher sintering temperatures may also worth a try to obtain
the ideal microstructure. But sintering at higher temperatures
was only practicable under a nitrogen atmosphere higher than
0.6 atm, because Si3N4 decomposed in the 0.6 atm nitrogen at
1900 °C and above, as shown by the XRD in Fig. 2. Except
for SizN4 decomposition, 1900 °C seemed more favorable than
1800 °C because the 1900 °C 5 min material had a more signif-
icant self-reinforcing microstructure as shown in Fig. 3 and the
mechanical properties were higher (Table 2).

However, the optimal sintering temperature should not
exceed 1900 °C. 2000 °C was not proper based on the fact that
the 2000 °C material showed an equiaxed microstructure. At
temperatures higher than 1900 °C, the anisotropic interfacial
energies of the different facets which determined the Wulff’s
configuration of the a-SiC grains seemed diminish, therefore
yielded equiaxed «-SiC grains. In Fig. 3 the microstruc-
ture of the 2000°C Omin material appeared to be equiaxed
rather than the elongated growth in the lower temperature
materials.

4.2. 6H to 3C-SiC phase transformation

XRD analysis shown in Fig. 2 indicated the 6H SiC
completely transformed into the 3C phase in the 2000°C
Omin+ 1700 °C 0.5 min material. Given the slight difference
in the sintering conditions between the 2000 °C 0 min + 1700 °C
0.5 min and the 2000 °C 0 min materials, the 6H to 3C-SiC phase
transformation actually took place at 1700°C in the cooling
process and completed in the very short time of 30s.

Transformation of 3C to 6H-SiC (or 4H) was more commonly
reported in the literatures than the reverse because the forma-
tion of the self-reinforcing microstructures of the SiC ceramics
was usually dependent on the 3C to 6H-SiC transformation. An
additional advantage by using 3C-SiC rather than using plate-

like a-SiC of 4H, 6H, and 15R as the starting powders was that
it was much more flexible in microstructure control and easier
for densification [6,7,10,11] by using the 3C SiC.

However, the 3C-SiC phase would not grow anisotropic due
to the cubic symmetry. Therefore the 6H to 3C-SiC polytype
transformation cannot bring a self-toughening microstructure.
This can be a part reason why the reports on the 6H to 3C-SiC
transformation were very few [26,27].

In spite of the relatively low commercial value of the 3C SiC
ceramics, it was very interesting that the 6H to 3C-SiC phase
transformation proceeded extremely fast at 1700 °C by passing
an electric current through the 6H compact, at presence of the
YSiAION liquid, nitrogen solution and Si melt in the liquid. The
6H to 3C-SiC phase transformation completed in 30, in direct
comparison with the max 94% transformation by conventional
annealing at 2250 °C for 30 min [26].

Incubating at 2000 °C before the 6H to 3C-SiC polytype
transformation may have provided some premises for the trans-
formation. SiC nuclei may form after the SiC particles were
highly activated by the high temperature. Even if this was the
case, however, XRD was ineffective in recognizing 3C SiC
nuclei from 6H-SiC due to peak overlapping as shown in Fig. 2.
Transmission electron microscopy and selected area electron
diffraction are needed and such works are ongoing. Possible
mechanisms for the fast 6H to 3C-SiC polytype transforma-
tion are also under investigation. The results will be published
elsewhere.

As a suspicion, we think the fast 6H to 3C-SiC polytype trans-
formation, at least, was partly correlated with the electric current
passing through the SiC compact, for that electric current can
enhance material transportation, hence faster solid state phase
transformations in metals [28-30]. However, in contrast to the
large stack of papers on metals, such study in ceramics is still
very limited. The observations reported in this study perhaps are
among the first to demonstrate the effects of electric on phase
transformation in a common engineering ceramic of SiC.

5. Conclusions

a-SiC/a-SiAION composites with a 20 wt% o-SiAION addi-
tion could be densified by spark plasma sintering in 0-5 min
at 1800-2000 °C. The a-SiC grains grew anisotropic by Ost-
wald ripening in a temperature range of 1800-1900°C. The
small concentrations of Si3N4, AIN, Al,O3, and Y03 parti-
cles as the a-SiAION precursors were highly isolated by the
6H-SiC, so that 1800 °C for 5 min was insufficient to diffuse
the species to form the desired a-SiAION phase. At 1900 °C
or above temperatures, SizN4 decomposed and introduced Si
into the phase compositions. The preserved AIN, Al,O3, Y203
reacted with the SiO; present on the carbide and nitrides, yielded
a large concentration of granular phases in the microstructures.
In process of cooling down from 2000 °C, a transitory hold
at 1700 °C stimulated 6H — 3C-SiC polytype transformation.
The material synthesized at 1900 °C obtained a relatively ideal
self-toughening microstructure, hence high flexure strength and
fracture toughness.
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