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Abstract

Nitrogen-rich Ca-a-Sialon (Ca,Sij>—2,Aly,Nje with x=0.2, 0.4, and 0.8, 1.2 and 1.6) ceramics were prepared from the mixtures of Si;Ny, AIN and
CaH, powders in a hot press at 1800 °C using a pressure of 35 MPa and a holding time of 4 h, and then were investigated with respect to reaction
mechanism, phase stability and oxidation resistance. In addition the sample with x = 1.6 was prepared in the temperature range 600—1800 °C using
a pressure of 35 MPa and a holding time of 2 h. The a-Sialon phase was first observed at 1400 °C but the a-Siz N4 and AIN phases were still present
at 1700 °C. Phase pure Ca-a-Sialon ceramics could not be obtained until the sintering temperature reached 1800 °C. The phase pure nitrogen-rich
Ca-a-Sialon exhibited no phase transformation in the temperature range 1400—1600°C. In general, mixed o/B-Sialon showed better oxidation
resistance than pure a-Sialon in the low temperature range (1250-1325 °C), while a-Sialons with compositions located at a/3-Sialon border-line
showed significant weight gains over the entire temperature range tested (1250-1400 °C). The phases formed upon oxidation were characterized

by X-ray, SEM and TEM studies.
© 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

a-Sialon is a solid solution of a-SizNy that can be expressed
as MSi12—m4n)Alp+nOnNi6—,, where M=Li, Mg, Ca, Y and
most lanthanide elements. In general, a-Sialon ceramics have
been considered to be hard materials however as in many
cases a-Sialon ceramics contain equi-axed grains, these o-
Sialons possess inferior fracture toughness relative to 3-Sialon
(Sig—,Al,O,;Ng_,, with 0 <z<4.2) ones. 1.2 §i3Ny-based ceram-
ics, mainly find their applications in cutting tools, ceramics
ball-bearings and rollers or other applications that require a
combination of high toughness and (hot) hardness. These prop-
erties are strongly determined by the obtained microstructures,
phase compositions and the chemistry of intergranular grain
boundary glass phase. It has been shown that nitrogen-rich
Ca-a-Sialons (Ca,Sija—2,AlpNig) ceramics can be prepared
from the mixtures of SizNy, AIN and CaH, powders.3 Based
on the positive effects of increasing nitrogen content vis-a-vis
the properties of the formed oxynitride glass with respect to
glass transition temperature, hardness, toughness, etc., CaHy
has been used as Ca source in stead of CaO that traditionally has
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been used in connection with the preparation of Ca-«a-Sialons.
The nitrogen-rich Sialons, that theoretically have compositions
that can be expressed as M, Sij>—_,,Al,yO,N16, where v denotes
the valence of M cations, have not been studied in greater
detail mainly due to the difficulties associated with the han-
dling of moisture sensitive metal nitrides. The present work
deals with the preparation of some nitrogen-rich Ca-a-Sialon
(Ca,Sijp_2xAlxxN1e) ceramics that exhibit improved toughness
that in turn can be attributed to the formation of elongated
a-Sialon grains.>* In addition, increased resistance to high
temperature deformation was also observed in nitrogen-rich
Ca-a-Sialons, i.e. nitrogen-rich Ca-a-Sialons exhibited about
150°C higher deformation onset temperature than those of
their oxygen-rich counterparts.® In the present study, thermal
properties of nitrogen-rich Ca-a-Sialons are investigated with
respect to reaction mechanism, phase stability and oxidation
resistance with the aim to elucidate their high temperature prop-
erties.

2. Experimental

Details about sample preparation can be found in Ref. 3.
In brief, mixtures of the starting powders of Si3Ns (UBE SN-
E10), AIN (Tokuyama, grade F), and CaH, (Alfa Aesar Johnson
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Matthey Chemicals Ltd) according to the nominal composi-
tion of Ca,Sijp_7yAlbxNjg, with x=0.2, 0.4, and 0.8, 1.2 and
1.6, respectively, were ball milled (planetary ball mill PM 100,
Retsch, Germany) in hexane and these samples are denoted as
CCHO02, CCHO04, CCHO08,CCH12, and CCH16. The mixed pow-
ders were vacuum-dried at 105 °C for 6 h then pre-compacted in
a steel die in an argon-filled glove box, and finally hot pressed
using a pressure of 35 MPa and a holding time of 4 h at 1800 °C.
In order to reveal the reaction subsequences, starting powders of
CCH16 composition were hot pressed in the temperature range
600-1800 °C for 2h using a pressure of 35 MPa, followed by
an X-ray powder diffraction analysis. For the same composi-
tion, thermal gravity analysis was also carried out in a TG unit
(SETARAM TAG 24, Setaram, France) using a heating rate of
10 °C/min in nitrogen atmosphere, with a purpose of monitoring
the decomposition and nitridation processes supposed to happen
with increasing temperature up to 1200 °C. Oxidation experi-
ments were performed in the same TG unit at 1250 °C, 1325°C
and 1400 °C. The samples were heated to these temperatures
with a heating rate of 10 °C/min and the duration of the oxida-
tion experiment was 20 h in flowing oxygen. Prior to oxidation,
samples of the approximate size of 10 mm x 3 mm x 1 mm were
cut, ground, and polished with diamond suspensions down to
1 wm. The samples were connected to the hang down wire of
the TG-unit via a notch with depth of 1 mm that was made at
the end of sample bars by using a 0.5-mm thick diamond blade.
The drift of the set-up was corrected via recording time versus
weight loss curves of Al;O3 dummies at 1250 °C, 1325 °C and
1400 °C.

Phase assemblages of samples before and after heat treat-
ment at different temperatures were identified by their X-ray
powder diffraction patterns recorded in a Guinier-Hégg focus-
ing camera with 50 mm radius using Cu Ka radiation. Si was
used as the internal standard. The phases present in the oxide
scales were identified by their X-ray powder diffraction patterns
recorded in a D/Max-2250V diffractometer (Rigaku, Tokyo,
Japan) operated in reflection mode, using Cu Ka| radiation.

The microstructures were recorded in a scanning electron
microscopy (SEM; JEOL JSM-7000F, Tokyo, Japan) equipped
with an energy dispersive spectrometry (EDS; Link Isis, Oxford
Instruments, Buckinghamshire, UK). A back scattered electron
(BSE) mode and accelerating voltage of 10 kV were used, so as
to reduce the electron interaction volumes. Prior to SEM inves-
tigation, the polished surfaces of the samples were etched in
a molten mixture of KOH and KNO3 for 1-3 min before car-

Table 1

bon coating. Transmission electron microscopy (TEM) and high
resolution transmission electron microscope (HRTEM) obser-
vations were carried on JEOL JEM-3010 operated at 300kV
(Cs=0.6 mm, resolution 1.7 A). Images were recorded with a
CCD camera (MultiScan model 794, Gatan, 1024 x 1024 pixel,
pixel size 24 pm x 24 pm) under low-dose conditions.

3. Results and discussion
3.1. Phase analysis

The overall starting compositions and the phase assemblages
found in the sintered samples are listed in Table 1. The prepared
samples still contain a small amount of oxygen because that the
starting powders Si3N4 and AIN contain some surface oxides.
Dual phase a/p-Sialons are formed for x=0.2 and 0.4, while
single phase a-Sialons are obtained when x=0.8, 1.2 and 1.6.
There is no observation of secondary grain boundary crystalline
phases, like AIN polytypes or gehlenite (Cay Al,SiO7) that were
usually observed when CaO was used as a sintering additive.®

3.2. Microstructures of the sintered samples

The microstructures of the hot pressed samples are shown in
Fig. 1. All samples but CCHO04 contain elongated Sialon grains.
The sample CCHO4 exhibits a finer grained microstructure with
almost equiaxed grains (Fig. 1b). When the starting composition
is in the dual o/B-Sialon formation region, the elongated grains
are 3-Sialon phase, which usually develop into morphology with
high aspect ratio (seen in CCHO02). However, when the starting
composition is in the a-Sialon formation region and is sintered
at the same temperature, the development of elongated a-Sialon
grains, especially in the case of Ca-a-Sialon, is dependent on the
amount of transient liquid phase, which increases with increas-
ing Ca®* content. For sample CCHO4, which has a composition
locates at the border between dual-phase o/3-Sialon and single-
phase a-Sialon, the amount of transient liquid phase formed is
small and is then quickly consumed by the precipitation of a-
Sialon grains, resulting in a glass-free ceramic with equal-axed
grains.

With increasing CaH, content, a nitrogen saturated liquid
with Ca?* cations as glass network modifier kinetically facil-
itates the development of elongated Ca-a-Sialon grains. Well
before the dissolution of SizN4 and AIN at high temperatures,
an oxynitride liquid CazN>—Al;O3-Si0; may form, rather than

Overall starting compositions and crystalline phases found in the samples hot pressed at 1800 °C.

Sample Compositions® Powder mixture, wt% Phases, mol%

CaH, SizNy AIN «a-Sialon 3-Sialon
CCHO02 Cag2Si1.6Al04N155300.7 1.47 95.64 2.88 62 38
CCHO04 Cag4Si11.2Alp8N155400.69 291 91.38 5.71 97 3
CCHO8 Cag3Sij0.4Al; 6N155500.67 5.71 83.11 11.18 100 0
CCHI12 Caj 2Si9.6Al24N155600.66 8.39 75.18 16.44 100 0
CCH16 Caj 6Sig gAl3 2N155700.64 10.96 67.55 21.48 100 0

2 The oxide contents in the starting powders are accounted for.
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Fig. 1. SEM images of nitrogen-rich Ca-a-Sialons Ca,Sij2—2,Al:Njg, (a) CCHO2, (b) CCHO4, (c) CCHOS, and (d) CCH16.

an oxide liquid CaO-Al,03-SiO, when using a CaO additive, in
an amount increasing with increase in CaH; content. At higher
temperatures, N, Si, and Al are introduced into the liquid by
the dissolution of Si3N4 and AIN, and then consumed by the
formation of the B-Sialon or a-Sialon phases. The pronounced
growth along the ¢ axis of a-Sialon grain can be attributed to
changes of the Ca-a-Sialon grain surface energies induced by
a nitrogen-rich calcium aluminum silicate glass. As indicated,
the formation of a-Sialon is a solution-precipitation process that
requires the presence of a liquid phase. The decomposition of
CaH,; is followed by an in situ formation of CazN>-containing
phases that begins at a temperature around 300 °C and speeds
up around 600 °C, as observed by TG and XRPD analysis (see
below). The formation of the transient nitrides during the sin-
tering process can be expected to increase the reactivity and to
facilitate the formation of Sialon phase.

3.3. Reaction sequence and phase evolution

The TG-curve of ball-milled powders of the composition
CCH16 recorded in N, atmosphere is shown in Fig. 2. Most of
the weight loss occurred in the temperature region 200-300 °C,
which is in agreement with the observed decomposition tem-
perature of CaH, in various CaH, mixtures’ while the
decomposition temperature for pure CaHy is substantially higher
(600°C).'% The weight loss is almost completed at 300 °C.
The observed weight loss (0.38%) for CCH16 is less than the
calculated one (0.53%), indicating that CaH; has partly decom-
posed in connection with the ball milling procedure and/or
when the mixed powders were vacuum-dried, as mentioned
above.

The TG curve of the sample CCH16 exhibits significant
weight gain starting from 600°C, and ended at 7>800°C.
Assuming that the weight gain can be ascribed to the reaction:

3Ca(s) + Na(g) = CazNa(s) ey

The theoretical weight gain amounts to 1.9 wt% compared
with the observed 1.5 wt%. The difference between observed
and calculated weight gain can be ascribed to the observation
that Ca also forms other compounds. Samples with CCH16 com-
position were hot pressed at temperatures ranging from 600 °C to

1.75
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1.25

1.00

0.75

weight gain, wt %

— T ———
0 200 400 600 800 1000 1200
Temperature,’C

Fig. 2. TG curve of the powder mixture CCH16 recorded in flowing N,. Weight
loss occurs around 200 °C, and a significant weight gain is observed in temper-
ature range 600-800 °C.
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Fig. 3. XRPD patterns of the sample CCH16 hot pressed at different tempera-
tures.

1800 °C under nitrogen atmosphere, and then were analyzed by
the X-ray powder diffraction. As shownin Fig. 3, below 1450 °C,
crystalline phases like CaSiN,, CasSiN4 and an unknown tran-
sient phase are observed. As shown in the XRD patterns, the
appearance of intermediate phases in sequence with increase
of temperatures, together with the change of weight gain ratio
observed at temperatures above 650 °C (see Fig. 2), indicates the
formation of other intermediate phases, for example CasSiNy,
directly through reaction of Ca, Si and N, or indirectly through
reaction:

CaSiNa(s) + 3Ca(s) + Na(g) = CasSiNy(s) 2)

The formation of calcium silicon nitrides is a quite complete
process. The latter reaction (2), however, seems less possible
under the present situation. First, CaH, powder has been fur-
ther ground down into finer powder in the glove box and then
homogeneously ball milled. This might be the reason that the
observed decomposition temperature (200-300 °C) of CaH; in
the TG analysis is significantly lower than that obtained from the
literature (about 400 °C). Second, the decomposition of CaH»
and consequently nitridation of Ca are assumed to happen at
the same time, as there is no observation of characteristic peaks
for Ca in the XRD patterns. Starting with a coarser CaH, pow-
der, a certain amount of Ca metal might be left at relative low
temperatures, then, at elevated temperatures, reacts with the pre-
viously formed CaSiN, to form the CasSiN4 phase. But this
needs further identification under controlled conditions.

According to XRD patterns, the a-Sialon phase is observed
at 1400°C and the formation of a-Sialon from nitrogen-rich
transient liquid via a solution-precipitation process is acceler-

ated at 1500 °C, where only a small amount of the a-Si3N4 and
AIN phases are present as secondary phases. These results are in
agreement with the finding by Rutten et al.!!, i.e. they found that
Ca-a-Sialon with a composition (CaggSig Al 400 gNis52) is
firstly formed at about 1350 °C and rapidly so at about 1450 °C.
In contrary to our finding, Rutten et al. also observed the forma-
tion of intermediate phases like gehlenite (CaAl;Si07) and/or
AIN polytypiods. As mentioned above the monophasic Ca-a-
Sialon ceramics were obtained at 1800 °C. The observation that
the a-Sialon phase is firstly formed at 1400 °C in our case while
Rutten et al. observed it already at 1350 °C can be ascribed to
the low oxygen content in our powder mixture.

3.4. Thermal stability

It has been shown that the thermal stability of Ca-a-Sialons
prepared with oxides additives is superior to the ones of rear earth
stabilized Sialons'>!? and so are rear earth stabilized Sialons
co-doped with Ca.'*

The thermal stability of the nitrogen-rich Ca-a-Sialons was
studied as well. Hot pressed compacts of the compositions
CCHO2 (an a/p-Sialon), CCHO04 (an a-Sialon containing traces
of 3-Sialon) and CCH16 (monophasic a-Sialon) were post heat
treated in the temperature region 1400—1600 °C for 24 h. The X-
ray powder diffraction patterns of the post heat treated samples
are given in Fig. 4. Based on lattice calculation and diffrac-
tion patterns observation, it can be concluded that there is no
significant difference between the X-ray powder diffraction pat-
terns of the sintered and post heat treated samples, i.e. no « to
B phase transformation takes place in these samples. In con-
trast, most a-Sialons stabilized by rear earth cations are prone
to transform into (3-Sialon and grain boundary phases in the tem-
perature region 1300—1600 °C.!5-!8 This finding, together with
the findings by Hewett et al.!> and Mandal and Thompson'?, that
oxygen-rich Ca-a-Sialons are stable even when sintered with
excess glass phase, indicates that calcium stabilized a-Sialons
is probably the most thermal stable Sialon phase over a wide
composition and temperature range. Low oxygen contents of
starting compositions often yield less amounts of grain boundary
glass phase in the sintered body, and the formed grain boundary
phase has, due to its higher nitrogen content, higher viscosity
than an oxygen-rich grain boundary phase. In the former case
the o to B phase transformation is expected to be kinetically
retarded.

Low and high resolution transmission electron microscopy
studies focused on grain boundaries and triple-grain pockets pro-
vide us with some additional information about the glassy grain
boundary phase. Thus direct bonding of grains is observed in
sample CCHO4, which has a starting compositions located very
near to the o/-Sialon phase border, as seen in Fig. 5a and b,
but grains separated by a thin film also seem to be present, see
Fig. 5a. In sample CCH16 (Fig. 5c and d), whose composition is
close to the other end of Ca-a-Sialon phase region, a thin glass
film with thickness about 0.9 nm is observed, but it is hard to
estimate the dimension of glass phase at the triple-grain pockets.
The observations seems to indicate that these samples contain
only a small amount of grain boundary phase which in turn might
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Fig. 4. X-ray powder diffraction analysis of samples CCHO2 (an a/B-Sialon), CCHO4 (an a-Sialon containing traces of a-Sialon) and CCH16 (an a-Sialon) post
heat treated for 24 h at temperatures ranging from 1400 °C to 1600 °C for 24.
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Fig. 5. TEM and corresponding HRTEM images for nitrogen-rich Ca-a-Sialons hot pressed at 1800 °C for 4 h: CCHO04 (a) and (b); CCH16 (c) and (d).
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Fig. 6. Weight gains as a function of time of the nitrogen-rich Ca-a-Sialons oxidized at 1250 °C (a), 1325 °C (b) and 1400 °C (c) for 20 h in flowing oxygen.

explain the no a— (3-Sialon transformation taking place in these
samples.

3.5. Oxidation of nitrogen-rich Ca-«-Sialon

In principle, the nitrogen-rich a-Sialon compositions are ther-
mally less stable in the presence of oxygen, i.e. more prone to
be oxidized, than their oxygen-rich counterparts. Initially a thin
oxygen rich layer is formed and as the oxidation proceeds, the
thickness of the product layer increases, and the diffusion of the
reactants and product gases through the product layer is retarded.
The shape of the recorded oxidations curves at 1250 and 1325 °C
(see Fig. 6) are generally speaking of the parabolic type while at
1400 °C they deviate from the parabolic type, seemingly a conse-
quence of formation of bubbles in larger quantities, see below. At
1250 °C, the a/B-Sialon (CCHO02) shows lower oxidation rates
than those of the other samples that are phase pure a-Sialons
(CCHO8, CCH12) or contain traces of -Sialon (CCH04). The
latter compositions exhibit very similar oxidation rates. Higher
oxidation rates are found at 1325 °C and the CCHO2 sample
exhibits the lowest degree of oxidation. The CCH04 compo-
sition exhibits the highest oxidation rate while the oxidation
rates of CCHO8 and CCH12 are almost the same. As mentioned
above the oxidation curves recorded at 1400 °C deviate from
the parabolic type and more pronounced so for the composi-
tions CCHO8 and CCH12 that exhibit almost linear oxidation
rate curves.

The oxidation products, identified via their X-ray powder
diffraction patterns, are listed in Table 2. Cristobalite (SiO;) and
wollastonite (CaSiO3) are the main crystalline phases detected
in the surface oxide scale. Very small amount of anorthite
(CaAl;SizOg) phase is detected in samples oxidized at 1250 °C.

Cross-section SEM images reveal the microstructures of
Sialons after oxidation. In the oxide scale, crystalline CaSiO3
and SiO; phase are present in the oxide scale for all samples
oxidized at lower temperatures, but in decreasing amount with
increasing Ca content. A Ca—Si—Al-O glass is formed at all tem-
peratures and the amount of crystalline phases in the oxide scale
decreases with increasing Ca content. Based on SEM image
observations and EDS analysis of the oxide scale, it seems
that CaSiOs phase tends to be present on the top surface of
the oxide scale, while SiO, phase is found on the surface of
oxide scale obtained from low temperature oxidation, but more
in the whole oxide scale obtained from high temperature oxida-
tion. Fore example, in sample CCH02 more oxidation product
CaSiO3 is observed at 1250 °C, but better well shaped oxida-
tion product SiO; at 1400 °C (see Fig. 7). The SiO; phase with
a specific morphology is found to be crystallized from the lig-
uid phase formed at temperatures above 1325 °C. And this has
been further confirmed by EDS point analysis. When compar-
ing SEM images (Fig. 8) of compositions CCH02, CCH04 and
CCHOS oxidized at 1250 °C, a trend is found that the amount of
crystalline phases in the oxide scale decreases with increase in
Ca content, while glass formed has an opposite tendency.
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Table 2
Phases in oxidation scales identified via their X-ray powder patterns.®.

3415

Sample CCHO2 CCHO04 CCHO8

CCHI12

As sintered at 1800 °C a-Sialon (62 mol/%)

-Sialon (38 mol/%)

a-Sialon (97 mol/%)

3-Sialon (3 mol/%) a-Sialon (100 mol/%)

Oxidized at 1250°C SiO;, s SiO,, s SiOy, s

CaSiOs, s CaSiO3, w CaSiO3, w

CaAl,Si;Og, w CaAl,SiOg, w CaAl,Si;Og, vw
Oxidized at 1325°C SiO,, s SiO», s

CaSiO3, m CaSiO3, vw SiO,, w
Oxidized at 1400°C SiO,, s

CaSiOs, w SiOy, s SiO,, vw

a-Sialon (100 mol/%)

SiOy, m
CaSiO3, w

SiOz, w

Amorphous

 Strength of reflections in XRPD pattern: s, strong; m, medium; w, weak; vw, very weak.

1400 °C

Sialon matrix

rum 1

i) 05 1 15

ull Scele 1679 cts Cursor: 0,852 (53 ois) keV| G-S\:ulr 2158 cts Cursor. 0.000

Fig. 7. Cross-section images of sample CCHO2 oxidized at 1250 °C, 1325 °C and 1400 °C. Corresponding EDS analysis indicates the compositions of the crystalline
phases formed within the oxide scale: CaSiO3 phase at low temperature, but more SiO; phase at high temperature in which small amount of Ca, and Al is also

detected from the surrounding glass.

An interface, typically containing bobbles formed due to the
release of nitrogen in connection with the oxidation, is clearly
visible and is located between the Sialon matrix and the outer
part of the oxide scale (see Figs. 7-9). With increasing temper-
ature and calcium content, both the amounts of glass phase and
number of bubbles increase.

The oxidation of Ca-Sialon ceramics involves concurrently
ongoing inward diffusion of oxygen and outward diffusion of

CCHO02 CCH04

| 1250°C

metal cations and nitrogen products, resulting in compositional
gradients. This is evident when EDS mapping technique is
applied to the cross-section region obtained by ion-polishing
techniques. As shown in Fig. 10, calcium and oxygen are
enriched in the surface area, and gradually decrease inward,
while silicon and nitrogen exhibit a positive elemental distri-
bution, together with a homogenous distribution of aluminum
over the whole area. The gradient distribution of elements

CCHO8

Sialon matrix

Fig. 8. Cross-section images of samples CCH02, CCH04 and CCHOS oxidized at 1250 °C.
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£
Fig. 9. An SEM image shows the formation of bubbles beneath the glass film
in sample CCHOS oxidized at 1250 °C.

at the reaction region suggest that the diffusion of calcium
and oxygen through the oxide layer and glass film is a rate
controlling step in the oxidation of nitrogen-rich Ca-Sialon
ceramics.

The formation sequence of these oxidation products, SiO»,
CaSiO3 and CaAl,Si»Og for the nitrogen-rich Ca-a-Sialons is
quite interesting but difficult to identify, since the oxidation is
a dynamical process, involving concurrent diffusion of O, N,
Ca, Si and Al through the oxide scale. It is assumed that: during
the oxidation process, grain boundaries and grain boundary glass
phase are usually the weak points to be first oxidized. According
to EELS (electron energy loss spectra) analysis on the nitrogen-
rich Ca-a-Sialons, it is found that the center of the a-Sialon
grains is rich in Si, Al, N and almost oxygen free, but their rel-
ative contents go down towards the grain boundaries, which are
rich in Ca and O. So it seems that the obtained a-Sialon grains
have a core-shell structure. Consequently, during the oxidation
process, outward diffusion of Ca and Si through the glass phase
results in the formation and enrichment of CaSiO3 phase at the
top surface of the oxide scale, while inward diffusion of O results
in the formation of SiO; phase on the inner side of the oxide scale
(Fig. 7). From SEM (BSE mode) observation and EDS analy-
sis, there is no observation of the CaAl,Si;Og phase, probably
because the atomic numbers of Si and Al are very close, thus
results in alow contrast in SEM images. In addition, Si and Al act
as network-former in the oxynitride glasses, while Cais an active
network-modifier. The three elements, together with O and N,

Fig. 10. EDS mapping analysis focused on cross-section region in sample CCHO2 oxidized at 1250 °C. Note the depletion of calcium and bubbles at the interface
and in the oxides scale (arrowed), but enrichment of calcium and oxygen at the surface.
EDS mapping analysis focused on cross-section region in sample CCHO2 oxidized at 1250 °C. Note the depletion of calcium, and bubbles in the oxides scale

(arrowed), but enrichment of calcium and oxygen at the surface.
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tend to form a glass phase, which makes it more difficult to detect
the CaAl,Si»Og phase in the oxide scale. This approximately
accounts for the identification of CaAl>Si»Og phase mainly in
the oxide scale obtained from the low temperature oxidation of
a-Sialons with low Ca content, in which a much smaller amount
of glass is formed after oxidation.

4. Conclusions

Nitrogen-rich Ca-a-Sialons have been prepared from appro-
priate mixtures of Si3zN4, AIN and CaHj, and the TG-study of
these powder mixtures in nitrogen atmosphere showed that the
decomposition of CaH; took place in the temperature region
200-300 °C and was followed by a significant nitridation within
the temperature range 600-800 °C. The hot press study showed
that a-Sialon phase was first observed at 1400 °C and monopha-
sic Ca-a-Sialon ceramics was prepared at 1800 °C. Post heat
treatment of the nitrogen-rich Ca-a-Sialons in the temperature
range1400-1600 °C revealed that these Sialons are stable, i.e. no
observation of a— [3-Sialon transformation. The nitrogen-rich
Ca-a-Sialons are less resistant to oxidation when compared to
rear earth stabilized Sialons, while the mixed «/B-Sialon (low
Ca content) shows better oxidation resistance than pure o-Sialon
at low temperatures (1250-1325 °C). The low oxidation resis-
tance of nitrogen-rich Ca-a-Sialons might be of major concern
in connection with their potential applications such as cutting
inserts, although they exhibit good combination of hardness and
toughness. Anyhow, we are presently preparing nitrogen-rich,
rear earth stabilized Sialons.
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