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Abstract

A powder mixture of a-Si;N,, AIN and Y,0; corre-
sponding to an yttrium a-sialon composition,
Y, 4Siy,Al,50,4N,5.,, was sintered both in a high
temperature X-ray diffraction unit and in a regular
sintering furnace. X-ray analysis was performed and
it was shown that high temperature X-ray diffraction
can be used to monitor the kinetics of the a-sialon
phase formation during sintering at temperatures
between 1450 and 1580°C as the reactions take
place. A variety of yttrium-rich intermediate and
secondary phases are formed during sintering, those
formed in the HT-XRD unit were not the same as
those formed in the regular sintering furnace, but
they do not significantly influence the overall reaction
sequence or the amount of a-sialon formed. Quanti-
tative analysis of the acquired data was used to
evaluate the kinetics of the wa-sialon phase formation;
the estimated activation energy of the initial stage
a-sialon formation was 330 kJ/mol. After this
initial stage of relatively rapid a-sialon formation
the process became inhibited.

1 Introduction

The sialons are a group of ceramic compounds
corresponding to the a and B form of silicon
nitride, in which silicon and nitrogen atoms have
been substituted in part by aluminium and oxy-
gen.! Unlike « silicon nitride which transforms
to B silicon nitride at high temperatures, « sialon
can be stabilized by metal ions such as yttrium.
The a sialons are characterized by good thermal
shock resistance and high hardness which is
retained to quite high temperatures.? They there-
fore have potential as materials for high temperature
applications.
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The present work concerns the formation of a
yttrium a-sialon with the ideal composition
Y.4S1102,Al 5 Op,Nis4 by reactive sintering of
an appropriate mixture of silicon nitride,
aluminium nitride and yttria powders. This
composition is predicted to yield pure « sialon
with some glassy phase upon completion of the
reaction. Reactions of similar compositions have
been studied earlier by means of sintering plus
quenching experiments and the general sequence
of reactions at temperatures between 1000 and
1750°C has been documented.>’ It involves the
formation of an oxide liquid and then solution of
Si;N, and AIN into it, forming an yttrium-
containing oxynitride melt from which a-sialon is
precipitated. Besides a-sialon, intermediate and
secondary phases like YAM (Y,ALQ,), J-ss
(Y,AL_S1,.09 N)), YAG (Y;ALO,,) and N-melilite
(Y,S1;0;N,) are found depending on temperatures
and starting compositions. a-sialon forms at as
low a temperature as 1400°C when dissolution of
the two nitrides, Si;N, and AIN, becomes signifi-
cant.*® At this temperature the amount of liquid is
still low but it increases with temperature as the
extent of the liquid phase field increases. However,
for a given temperature the amount of available
liquid decreases as the reaction to a-sialon proceeds
and yttria, oxygen and aluminum are substituted
into the structure.

In studies of crystallization of the intergranular
glass phase in sialon ceramics it has been noted
that the O/N ratio of both the bulk composition
and the liquid phase as well as the temperature
play a major role in determining which phases
crystallize out.*® The composition, quantity, and
viscosity of the liquid phase has also been reported
to strongly influence densification.!® These factors
might be expected to complicate the kinetics of
a-sialon formation. In the present work, the
sensitivity of a-sialon formation to intermediate
and secondary phases, sintering conditions and
controlled changes in compositions was studied.
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The study of phase formation in ceramic materials
is often impeded by difficulties in following the
course of reactions at elevated temperatures.
Generally reactions are studied by ‘quenching’ a
series of samples at different stages of the reaction.
This approach is adequate for slower reactions
such as those controlled solely by solid state diffu-
sion. If fast transformations occur during cooling,
it is hard to retain a high-temperature state unless
special experimental conditions are used. For
example it has recently been shown that the a-sialon
phase with large stabilizing ions decomposes
unexpectedly rapidly upon cooling when a liquid
phase is present.!! An alternative to the quenching
technique is offered by high temperature X-ray
diffraction (HT-XRD). This permits study of reac-
tions as they proceed; the uncertainty associated
with quenching is avoided and the kinetics of
reactions can be determined far less arduously. A
potential drawback of the method is that it can
only observe a thin zone of material close to the
free surface of a sample which may not give a true
representation of realistic bulk sintering condi-
tions. One of the purposes of this work was to
apply HT-XRD to a study of the reactions during
the sintering of the a-sialon and to compare the
observations with the results of conventional
sintering.

2 Experimental

Powder mixtures were prepared from the starting
materials, silicon nitride (H.C. Starck, Berlin,
Grade LCl), aluminum nitride (H.C. Starck,
Berlin, Grade A) and yttrium oxide (H.C. Starck,
Berlin, Grade > 99-8% Y,0,) to correspond to x =
0-4 in the formula Y (Sij5 4.50,Als5)(0}.50N 6 1.5¢)
for yttrium a-sialon (corresponding to 78-0 wt%
silicon nitride, 14-4 wt% aluminium nitride and
7-6 wt% yttria). The oxide contents of the
aluminum nitride and silicon nitride were compen-
sated for to best approximate the above formula
as discussed in a previous article by two of the
authors.!? Samples for the HT-XRD were prepared
by cutting powder bodies, CIPed at 200 MPa, into
thin slices with a razor, presintering them at
1350°C for 1 h in 0-11 MPa nitrogen atmosphere
and then dry grinding them to a dimension of
12 X 8 X 1 mm.

HT-XRD measurements were then conducted
at temperatures 1450, 1500, 1530 and 1580°C in a
static atmosphere of 0-11 MPa N, in a specially
constructed graphite furnace coated with silicon
nitride. This coating was stable to a temperature
of 1600°C. Furnace and HT-XRD conditions
have been described earlier.”* During a soaking

time at temperature the reactions were followed
by repeating a set of two scans . The first scan
over a 26 range of 28-45° at a rate of 0-04°s
was used to follow the sequence of formation of -
all phases and to calculate the AIN content by
integrating intensities of major peaks. The second
scan over a 26 range of 42-44° and a rate of
0-01°/s was used for profile analysis of one a-Si;N,
peak (hkl = 301) and the corresponding peak of
a-sialon. These peaks were not overlapped by
peaks of other phases and could be used for quan-
titative estimates of the a-silicon nitride to a-sialon
conversion. After the HT-XRD runs, selected
samples were analysed by room temerature XRD
(RT-XRD) at different depths into the sample to
assess any differences between top surface and
inner reactions.

Quantitative phase analysis was performed
through careful calculation of the XRD peak
areas. Correction for overlap of the diffraction
peaks as well as the integration of the peak areas
were performed by fitting of the experimental
diffraction profile using a Marguardt non-linear
least squares algorithm.'* The same algorithm was
also used to determine the positions of the a and
a' (301) peaks and AIN (101) peak. (o and o
denote a-silicon nitride and a-sialon respectively).
The highest accuracy of peak areas and positions
was achieved at 1580°C, where the peak separa-
tion was largest. The amounts of aluminium
nitride, silicon nitride and yttria were estimated by
reference to the peaks of an unsintered sample.

The amount of a-sialon was measured in terms
of the degree of conversion from a-silicon nitride
to a sialon:

= Sal(Sa'+Sa) (1

where f is the relative mass fraction a-sialon, Sa'
the area of the a-sialon (301) peak and Sa the
area of the a-Si;N, (301) peak. Low amounts of o'
were indicated only by an asymmetry of the a peak
and therefore required careful deconvolution. It
should also be noted that this estimate of the
degree of conversion implies that it occurs merely
as a crystallographic transformation without any
change of composition or change of the total
quantity of a+«'. Thus the increase in the mass of
o' by incorporation of AIN and Y,0; is neglected
in the definition of f and consequently the fraction
of o' is somewhat overestimated. However, the
amounts of AIN and Y,0; involved are relatively
small and this approximation has relatively little
effect on the values of f obtained. The small
amount of B silicon nitride (= 5%) in the starting
powder is also disregarded in this analysis.

To verify the HT-XRD results, parallel sintering
experiments were conducted in a graphite sintering
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Fig. 1. RT-XRD pattern of sample presintered at 1350°C for 1 h. Where Y = Y (Al,Si;O4N, and/or a J-ss phase
(Y4 AlL_Si Oy N,),and @ = a-Si;N, and B = B-Si3N,.

furnace with samples of the same composition.
Both as-pressed samples and samples presintered
as above were sintered at a temperature of 1560°C
in 0-15 MPa N, for 3 h in a silicon nitride powder
bed. All samples were analysed for phase content
by XRD at room temperature. The cooling rates
between the sintering temperature and 1000°C
were approximately 100°C/min in the HT-XRD
unit and 20°C/min in the sintering furnace.

In the HT-XRD, the investigated sintering sur-
face 1s totally open to the furnace atmosphere. To
assess the possible effects of this, another two sets
of samples were prepared for comparison. In the
first set (A) additions of 0-5-3-0 wt% silica were
made to the original composition. The second set
(B) was given the same nominal composition but
with different raw materials. The powders used for
the second set of samples had a higher oxide content
than those used in the original HT-XRD study
and were AIN (H.C. Starck, Berlin Grade B) and
Si;N, (Kemanord, Grade P95). The silica used in

all the mixtures was derived from an ammonia
stabilized colloidal silica, destabilized by propanol.
After drying this was easily comminuted to a fine-
grained silica by use of an agate spex mill. The
atomic composition of the two sets of samples is
shown in Table 1. To allow comparison between
the two sets, the Al + Si content was adjusted to
12 in the atomic formula. The second set had a
higher Si:Al ratio and this was further increased
slightly by the addition of silica.

3 Results

3.1 HT-XRD analysis

The XRD diffraction pattern of the original
composition presintered for 1 h at 1350°C is
shown in Fig. 1. Presintering resulted in formation
of yttrium-rich aluminosilicate phase(s) and no
detectable a-sialon. The yttrium-rich aluminosilicate
phase could be identified as Y ,AlSi;O 4N, but

Table 1. Normalized atomic compositions of a-sialon mixtures with different amounts of silica added

% Si0, Y Al Si o N
Composition (A) 0 0-400 2-099 9-901 1-099 14-968
0-5 0-398 2-090 9910 1-193 14-906
1 0-397 2-083 9917 1-287 14-842
2 0-393 2-064 9-936 1-479 14-721
3 0-390 2-048 9952 1-669 14-594
Composition (B) 0 0-404 1-802 10-198 1-286 14-946
0-5 0-402 1-794 10-206 1-380 14-884
1 0-400 1-788 10212 1-475 14.821
3 0-393 1-754 10-246 1-856 14-572
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Fig. 2. Phase development with time at 1580°C as-measured at temperature in the HT-XRD, where XX = unidentified secondary
phase(s).

with small shifts in the peak positions indicating a
shift from stoichiometry or the incorporation of
other ions. The major peaks of this phase, how-
ever, overlap the peaks of the J-ss phase. Some
additional minor diffuse peaks might belong to a
J-ss type phase. Their simultaneous presence
therefore cannot be excluded. Nevertheless all
these phases are characterized by being yttria- and
oxygen-rich and will for convenience be denoted
Y ,,ALS1;O 4N, in this paper. The formation of
Y ,ALSi;O 4N, suggests either the initial forma-
tion of an oxynitride melt or a direct reaction
between yttria and the oxynitride layers that can
be assumed to exist on the surfaces of the Si;N,
and AIN powders.

Figure 2 gives an example of how the phase
composition develops during sintering in the HT-
XRD (at 1580°C in this case). The initial formation
of a-sialon was indicated only by an asymmetric
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Fig. 3. Amounts of phases measured at room temperature

after sintering in the HT-XRD unit for 5 h. The relative

amounts of a-sialon and «-Si;N, were calculated from
asymmetry of the (301) XRD diffraction peak.

broadening of the a-Si;N, peaks. Times up to 5 h
were needed for a clear peak shift to occur. Only
very small amounts of pB-Si;N, could be
detected. The evolution of the phase composition
with temperature (5 h sintering) as measured at
room temperature after sintering in the HT-XRD
is summarized in Fig. 3. The results agree well
with the HT-XRD measurements as regards the
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Fig. 4. Time and temperature dependence of the relative
amount of (a) a-sialon (a/a'+a) and (b) AIN as-measured at
temperature.
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Fig. 5. RT-XRD of sample sintered at 1530°C for 5 h in the HT-XRD at different distances from the surface.

relative amounts of a and o' and with the results
of other investigations of a-sialon formation.>®
Figures 4(a) and (b) show the increase in a-sialon
and decrease of AIN with time at the different
sintering temperatures. The trend in rate of forma-
tion of a-sialon corresponds well with the trend of
the dissolution rate of AIN.

The amount of Y,,Al,Si;0,5N, was observed to
decrease with both time and temperature (cf. Fig.
2). Instead, another phase, or possibly two phases,
are formed. These are difficult to identify as they
do not fit well with any single known pattern.
They could however be based on a solid solution
of yttrium silicates or yttrium aluminosilicates,
similar to the J-ss phase or apatite.

Figure 5 shows RT diffraction patterns taken at
different distances from the surface of the sample
subjected to HT-XRD investigation for 5 h at

Table 2. Relative amounts (wt fractions) of a-sialon and AIN

and the a-sialon/a-Si;N, peak separation at the surface and

in the interior of samples sintered 5 h at different temperatures
in the HT-XRD unit

Temp°C  Position dla+ o oa-a(20) AIN
separation

1450 Surface 0-15 — 0-085
1450 Middle 0-14 — 0-124
1500 Surface 0.31 — 0-08
1530 Surface 0-39 0-434 0-06
1530 Subsurface 0-30 0-520 0-09
1530 Middle 0-31 0-537 0-1
1530 Below middle  0-32 0-525 0-095
1580 Surface 0-52 0-414 0-02
1580 Middle 0-47 0-442 0-06

1530°C, while Table 2 shows the phase composition
at corresponding distances for samples studied at
different temperatures. The amounts of silicon
nitride, a-sialon and Y,Al,S1;0,4N, did not seem
to differ significantly between the surface and the
interior, except in the 1450°C sample, where the
level of Y,,ALSi;O 3N, is lower on the surface of
the sample. The aluminum nitride content on
the other hand is consistently higher in the
interior. The reduced aluminum nitride content on
the surface of the sample is probably due to its
having a higher susceptibility to oxidation than
silicon nitride. The surface of the sample showed
some evidence of glassy phase after HT-XRD.
Although the differences in the amounts of
a-sialon between the surface and the interior were
small the nature of the a-sialon peaks was different.
The peaks on the surface were broader and
showed smaller separation from the a-Si;N, peak
than those in the interior. This was especially true
for the 1530°C samples in which the peak separa-
tion in the interior was much larger than at any
other temperature investigated (Table 2). This
result can be compared with results reported by
Walls et al.,® which showed that the cell parame-
ters of the a-sialon are higher at the beginning of
a-sialon formation than at equilibrium. They
attributed this to a lower dissolution of silicon
nitride than aluminum nitride in the liquid at the
beginning of a-sialon formation, allowing a more
highly substituted sialon to form. In this investiga-
tion the higher peak separation in the interior of
the samples coincided with higher amounts of
unreacted AIN than were observed at the surface.
This implies that AIN does oxidize on the surface
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of the sample and that this influences the peak
separation, while the amount a-sialon formed does
not change significantly.

3.2 Conventionally sintered compositions

As explained above, samples of the same composi-
tion as those studied in HT-XRD were sintered in
a powder bed in a conventional furnace. First, a
comparison was made between samples pressed
directly from powders and samples presintered at
1350°C with the HT-XRD samples. There was no
detectable difference in the overall phase composi-
tion of the two samples.

A difference, however, was found between the
surface and interior of the conventionally sintered
samples. The surface consisted of a- and B-Si;N,
and YAG, while the interior contained a-sialon,
N-melilite, unreacted a-Si;N, and AIN. The sam-
ples had also gained weight slightly (= 1%) during
sintering. This implies a mass transfer from the
powder bed to the sample probably caused by a
higher partial pressure of oxygen or silicon monox-
ide in the powder bed. The reduced AIN content
on the surface of HT-XRD samples suggests that a
similar effect occurred in the HT-XRD unit.

Figure 6 compares the room temperature phase
composition of the interior of presintered + con-
ventionally sintered sample sintered at 1560°C
with the surface compositions of presintered +
HT-XRD sintered samples treated at 1530 and
1580°C. 1t is seen that the a-sialon content of the
interior of the sample sintered at 1560°C is similar
to that of the surface of the 1580°C HT-XRD
sample. The intermediate phases in the HT-XRD
sample were however different from those both in

the surface and interior of the conventionally-
sintered sample. In the 1530°C HT-XRD sample
the a-Si;N, to a-sialon conversion had not pro-
ceeded as far but the yttrium-rich intermediate
phase(s) is the same as in the 1580°C HT-XRD
sample. These experiments show that the furnace
coating in the HT-XRD unit provides a reasonable
atmosphere for the sample but does not interact
with the sample in the same way as a powder bed.

3.3 Conventionally sintered compositions with silica
additions

Since the observed decrease in AIN content on the
surfaces of the HT-XRD and conventionally sin-
tered samples might be attributed to an oxidation,
it was of interest to see how an increase in oxide
content of the starting compositions would
influence the phase formation. The two sets of
samples shown in Table 1 were sintered at 1560°C
for this purpose.

Table 3 shows the room temperature phase con-
tents of the cross sections of the different sets of
samples with 0-5 to 3-0 wt% extra silica. For (A)
samples, i.e. those based on the original mixture,
the phase composition comprised a-sialon,
melilite, B-Si;N, and unreacted Si;N, and AIN;
with increasing silica content, the YAG phase
began to develop and the fraction of melilite
decreased. In the (B) samples, based on the com-
parison composition, the development was very
similar but instead of melilite the Y,;,Al,Si;0,4N,
phase formed; moreover it disappeared faster than
the melilite in the (A) samples. The amount of
a-sialon was not significantly affected, except for
the 3% silica addition samples in set (B).
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Fig. 6. RT-XRD patterns of samples presintered at 1350°C and then sintered at 1560°C in a conventional furnace (C1560), at
1530°C in the HT-XRD (HT1530) and at 1580°C in the HT-XRD (HT1580). M = Y,Si;N,O;.



Phase development in yttrium a-sialon 1107

Table 3. Phase compositions of conventionally sintered samples as a function of silica additions. Series A is the original HT-XRD
composition and series B the comparison composition. @ = a-Si;N,, o' = a-sialon, B = pB-sialon, M = N-melilite,
Y = Y,,ALSi;0sN,. Brackets indicate very small amounts

Composition Phases observed a—a' shift(26) o/a + o
A/0%Si0, a/a'/B/M/AIN 0-359 0-31
A/0-5%Si0, a/a'/B/M/AIN 0-375 0-35
A/1%Si0, a/a'/B/M/AIN 0-381 0.38
A72%S8i0, a/a'/BIM/YAG/AIN 0-369 0-37
A/3%Si0, o/a/B/(M)YYAG/AIN 0-371 0-39
B/0%Si0, al/a'/BIYN(YAG)/AIN 0-372 0-46
B/0.5%Si0, o/a/BI(YYYAG/AIN 0-367 0-44
B/1%Si0, a/a/BIYAG/AIN 0-358 0-42
B/3%8i0, a/a/BIYAG/AIN 0-292 0-30

The most significant effect observed when
slightly increasing the O/N-ratio of both series of
samples, were the changes in the yttrium-rich
intermediate phases that formed. Nitrogen-rich
melilite in the A-series samples and Y ;AL Si1;04N,
in the B-series gave way to oxygen-rich YAG as
the overall oxygen content of the material increased.

3.4 Kinetics of a-sialon formation

The above sintering experiments showed that
within the range of sintering conditions used here
the degree of conversion to a-sialon is not very
sensitive to small changes in oxygen content or to
the intermediate phases formed. It is therefore
possible to use the HT-XRD data to examine the
kinetics of a-sialon formation under these circum-
stances. The isothermal plots of sialon formation
in Fig. 4(a) show that the conversion rate is great-
est within the first 90-120 min of the sintering,
decreasing markedly at longer times. The reaction
is considered to occur by dissolution and trans-
port of the reactants in the liquid oxide phase and
the formation of the a-sialon at the surfaces of
a-Si;N,. The inhibition of the reaction could
occur by a decrease in the fraction of the liquid
phase, necessitating increased degree of solid state
diffusion, or covering of silicon nitride surfaces.
To describe the rapid early stage of the process,
only the first period of 120 min was used in deter-
mining a reaction rate constant. In this stage the
transformation was assumed to be described by a
simple reaction law:

dfidt = k(1 — f) (2)

where 7 is the index of reaction, f the fraction of «
sialon formed and k the reaction rate constant. To
evaluate the results, a best-fit n-value was deter-
mined for the 1580°C data. It was then assumed
that the reaction mechanism for all other tempera-
tures was the same and consequently this n-value
(3-64) was used to estimate the k values for all
temperatures. The k values thus derived are 0-0023
(1450°C), 0-0045 (1500°C), 0-0061 (1530°C) and

0-0102 (1580°C). Reaction curves based on the
above assumption are drawn in Fig 7(a) and indicate
the extent to which the assumed kinetic descrip-
tion is reasonable. The temperature dependence of
the reaction rate is expressed in the form of an
Arrhenius diagram in Fig. 7(b) and yields an effec-
tive activation constant of 330 kJ mol ! which is
consistent with a liquid diffusion process.

An alternative approach to determining the
activation energy, requiring no assumptions about
the process kinetics, is to construct an Arrhenius
plot on the basis of In 1/ versus 1/T where ¢ is the
time required to give a fixed degree of reaction.
Here a satisfactory linear relationship was
achieved for ¢ corresponding to a conversion of
10% and this confirmed the activation constant of
330 kJ mol™'. This corresponded to a reaction time
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Fig. 7.(a) Experimental isothermal results for a-sialon conver-
sion fitted to eqn (2) with n = 3-64; (b) Arrhenius plot of rate
constants derived from 7(a).
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of 45 min at 1450°C. Beyond this time, the results
for 1450°C were no longer consistent with the linear
Arrhenius plot implying an inhibiting change in
reaction mechanism.

4 Discussion

As already indicated, the reaction sintering of the
material studied here occurs by a complex com-
bination of associated mechanisms occurring both
in parallel and in series. After formation of an
oxide liquid from surface oxides and yttria these
mechanisms will include dissolution of AIN and
a-Si;N,, transport of reactant atoms through the
liquid, formation of sialon on the «-Si;N, and
subsequently solid state diffusion of reactants
through the sialon. In addition a number of inter-
mediate and secondary phases form depending on
sintering conditions and composition. A microstruc-
tural study by Hwang et al'® has indicated that
a-sialon formation occurs predominantly by hetero-
geneous nucleation and preferential growth on
undissolved silicon nitride grains.

One of the interesting aspects of this investigation
is that in the range of temperatures and conditions
studied the rate and extent of a-sialon formation
was relatively insensitive to small changes in oxygen
content and was not influenced by the intermedi-
ate phases formed. Thus the a-sialon formation was
determined mainly by the temperature and time.
This is in accordance with previous findings. For
example, Cao et al.'® in studying the effect of extra
alumina additions to an a-sialon composition con-
cluded that, while densification was affected by the
liquid phase, the early formation of a-sialon was
not significantly influenced by small changes in the
composition, amount or the viscosity of the liquid.
The intermediate phase that formed changed from
melilite to YAG with addition of alumina, but this
did not influence the overall reaction sequence.

In the present work, the fact that the amount of
a-sialon did not seem to change significantly with
small changes in composition, while the peak sep-
aration did, suggests that the number of growing
a-sialon grains was fairly constant at a given tem-
perature but that its composition could vary. The
rate of sialon formation is probably determined by
the rate of dissolution and transport of silicon
nitride and AIN, and therefore strongly dependent
on temperature. The lower availability of AIN on
the surface of the HT-XRD samples on the other
hand probably only leads to a lower substitution
of the a-sialon and does not affect the number
and growth of grains.

B-Si;N, only seem to form in very small
amounts at the temperatures studied here unless

major compositional changes occur, for example
through a significant increase in oxygen activity,
as on the surface of a sample in contact with a
powder bed containing only silicon nitride and sil-
ica. It is therefore likely that the a-sialon has the
lowest energy of formation at high nitrogen activi-
ties and at these relatively high temperatures. It
has been suggested in the past that the a-Si;N,
structure is a low-temperature modification, but
with yttria stabilization it readily forms.

The above observations imply that, although
small compositional changes on an open surface
are unavoidable, high-temperature X-ray diffrac-
tion is still an appropriate method to study the
kinetics of a-sialon formation or decomposition.
On the other hand, HT-XRD may not always be
suitable as a means of monitoring all the products
of the reactions since the intermediate and
secondary phases are strongly dependent on sin-
tering conditions. Thus, in the present study the
Y 0Al,S1;0,4N, formed during presintering gradu-
ally disappeared during treatment in the HT-XRD
while other intermediary phases formed. These
were different from those formed during sintering
in a powder bed in a conventional graphite fur-
nace.

A very characteristic feature of the kinetics of
sialon formation was the dramatic inhibition of
growth after a certain fraction of transformation.
The range of inhibition moved to higher fractions
of transformation and longer times with increas-
ing temperature suggesting that the effect may be
caused by a decrease in the amount of liquid.

5 Conclusions

The reaction sintering of an yttria a-sialon from a
mixture of yttria, AIN and a-Si;N, has been stud-
ied at temperatures between 1450 and 1580°C.
The rate of a-sialon formation was significant
during an initial reaction stage but became inhib-
ited after a limited fraction of conversion had
occurred. The rate of reaction as well as the fraction
of conversion and time at which inhibition set in
all increased with temperature. The activation
energy of the initial reaction stage was 330 kJ/mol.

A variety of intermediate and secondary phases
were observed to form during sintering depending
on variations in the sintering conditions such as
the oxygen level of the sintering environment and
small variations in the starting composition. The
rates of a-sialon formation were however not
affected significantly by these variations in condi-
tions or secondary phases.

Since the rate of a-sialon formation is relatively
insensitive to other sintering conditions than the



Phase development in yitrium a-sialon

temperature, HT-XRD is considered to be a suit-
able technique for studying the kinetics of a-sialon
formation and was applied for this purpose in this
study. The technique is however considered
unsuitable for the study of the formation of sec-
ondary phases since these are very sensitive to the
sintering conditions.
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