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The compression creep behaviour of silicon
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A comparison has been made of the compression creep characteristics of samples of
reaction-bonded and hot-pressed silicon nitride, a sialon and silicon carbide. In addition,
the effects of factors such as oxide additions and fabrication variables on the creep
resistance of reaction-bonded material and the influence of dispersions of SiC particles
on the creep properties of hot-pressed silicon nitride have been considered. For the
entire range of materials examined, the creep behaviour appears to be determined pri-
marily by the rate at which the development of grain boundary microcracks allows
relative movement of the crystals to take place.

1. Introduction

Interest in high-performance gas turbines for
transportation [1] and power generation [2, 3]
has led to increasing attention being devoted to
the development and study of silicon nitride
ceramics. Intricate components can be fabricated
by producing silicon powder compacts of the
shape required, then nitriding at ~1650K. The
reaction-bonded silicon nitride (RBSN) obtained
by this procedure is a product of mixed a-and
B=silicon nitride having ~25% porosity. In addition,
less complex shapes in predominantly S-silicon
nitride can be prepared in a fully dense form by
hot-pressing nitrided silicon powder with a
suitable additive (giving hot-pressed silicon nitride,
HPSN). More recently, a new range of materials
has been developed, based on phases in the
silicon—aluminium—oxygen—nitrogen and related
systems, which are usually referred to as sialons
[4]. _

In view of the potential importance of silicon
nitride ceramics for high-temperature applications,
a number of investigations have been aimed at
determining the creep behaviour of these materials
[5—13]. However, comparisons of creep properties
have been hindered by differences in the type and
precision of the testing procedures employed in
these studies. In the present work, the compression
creep characteristics of a selected range of silicon

*Now with the BNF Metals Technology Centre, Wantage.
© 1978 Chapman and Hall Ltd. Printed in Great Britain.

nitride ceramics has been examined, using high-
precision, constant stress equipment [14]. Com-
pression testing has the advantage that only small
quantities of material are needed to evaluate the
creep properties, e.g. in this case, the cylindrical
testpieces used were 6.4mm long and 3.18 mm
diameter. Subsequent programmes were then
undertaken to consider:

(a) the extent to which variations in fabrication
procedure can affect the creep behaviour of
reaction-bonded silicon nitride;

(b) the influence of dispersions of silicon
carbide particles on the creep strength of hot-
pressed silicon nitride.

2. Creep behaviour of silicon nitride
ceramics

As there is a wide range of silicon nitride materials
available, the present investigation was restricted
to a selected number of typical products. The
RBSN, supplied by the Admiralty Materials Labo-
ratory, was produced from Dunstan and Wragg
silicon powder of ~25um average particle size.
Bars of compacted silicon powder showed weight
gaing of ~63% during nitriding, with room
temperature bend strengths in the range 227 to
248 MNm™? and densities of ~2.6Mgm™>. The
structure and properties of reaction-bonded
materials have been discussed previously [15].
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The hot-pressed silicon nitride testpieces were
ultrasonically trepanned from a tile (No. 247)
supplied by J. Lucas Ltd. (referred to as HPSN-1).
This form of silicon nitride, containing ~ 2% MgO,
was close to theoretical density (~3.2Mgm™)and
was composed almost entirely of $-Si3N,4,with a
crystal size of ~1pum [16]. Since the creep pro-
perties of hot-pressed materials appear to be mark-
edly dependent on the impurity levels present [13],
a further programme was carried out using samples
obtained from the Plessey Co. Ltd. (designated
HPSN-2). This material was selected since it had
a density and crystal size comparable with the
HPSN-1 samples, but had been produced by hot-
pressing at 2073 K with ~ 5% MgO.

The Lucas sialon (z = 1) was made by reacting
SizN, with AIN and SiO, and contained only
minor additions of metal oxides (Tile No. 159).
The density was 3.05Mgm™® and the bend
strengths recorded at room temperature and
1473 K were 475 and 462 MN m™~? respectively.

2.1. Creep characteristics of silicon
nitride ceramics

The compressive creep properties of the various
silicon nitride ceramics are presented in Figs. 1 to
3, which also include the results recorded in a
limited series of tests carried out for sintered
silicon carbide. All of the materials showed normal
primary and secondary creep curves (Fig. 1) i.e.
the rapid initial creep rates observed immediately
after loading were found to decrease continuously
until a steady state appeared to be attained. For
the RBSN, results obtained under identical creep
conditions for a number of different samples
nitrided in the same batch showed that the
secondary creep rate was reproducible to *20%
[17,18]. Although most of the tests were dis-
continued during secondary creep, some tests for
both the RBSN and HPSN samples were allowed
to proceed showing that the constant creep rate
did not continue indefinitely, but eventually
accelerated during the tertiary stage, leading to
fracture. The occurrence of a tertiary stage
indicates that cracks cannot propagate rapidly
during compression tests. In contrast, tertiary
creep has only rarely been detected under bend or
tensile creep conditions with these materials.

In all cases, the dependence of the secondary
creep rate, €, on stress (o) and temperature (T)

could be described by the equation
€& = Ao" exp ("QC/RT) (1)
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Figure 1 Compression creep curvesrecorded at 238 MNm~
and 1623 K for samples of reaction-bonded and hot-pressed
silicon nitride, a sialon (z = 1) and sintered silicon carbide.
The hot-pressed sample (designated HPSN-1) contained
~2%MgO compared with ~5% MgO for the material
labelled HPSN-2,
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Figure 2 Stress dependence of the secondary creep rate
(ég) for samples of reaction-bonded and hot-pressed
silicon nitride, a sialon (z = 1) and sintered silicon carbide
for compression creep tests carried out at 1623 K.
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Figure 3 Temperature dependence of the secondary creep
rate (&) for samples of reaction-bonded and hot-pressed
silicon nitride, a sialon (z = 1) and sintered silicon carbide
for compression creep tests carried out at 238 MN m~2,

The stress exponent (n) was 2.1 to 2.4 for the
materials studied, indicating that the relative order
of creep resistance (Fig. 1) did not alter over the
stress range considered (Fig. 2). The activation
energy for creep (Q,) was ~650kImol™ for both
the RBSN and HPSN samples, with those for SiC
and the sialon sample appearing to be slightly
higher at 730 and 850kJmol™! respectively
(Fig. 3). Values of n and Q. of this order have
been reported by other investigators for creep
of RBSN in bend [7, 9, 10] and for HPSN in bend
[11] and tension [13]. It has also been found
that, for the present reaction bonded material,
similar Q, values were recorded [18] for creep
in tension and for stress-rupture eXperiments.

No specific conclusions can be drawn from the
exact differences in the creep resistance of these
materials since the high temperature properties of
each type of product are known to vary depending
on the impurity levels [9, 10, 13, 19, 20] and the

detailed fabrication procedures used [9,10,21,22],
e.g. the decrease in creep strength associated with
the presence of a higher MgO content is evident
from the results obtained for the two samples of
hot-pressed silicon nitride considered (Figs. 1 to 3).
Similarly, the creep strength of sialons has been
found to depend not only on the impurity levels
but also on the Si/Al ratio [12,22]. It is note-
worthy, however, that the creep behaviour of the
sialon sample tested in the present programme was
similar to that for the RBSN examined, indicating
that sialons can be produced having a creep
resistance at least equal to that of reaction-bonded
materials (Figs. 1 to 3). In addition, the present
results are consistent with the low creep strains
and high creep strengths which have been reported
for silicon carbide samples [23-26].

2.2. Deformation processes during creep

of silicon nitride ceramics
Although dislocations have been observed in
silicon nitride samples [11,13,27], it is usually
considered that plastic strain as a result of slip

~ within the grains can play only a minor role in the

deformation of silicon nitride at temperatures
below ~2000K [13]. A similar conclusion can be
drawn for silicon carbide [28]. As a result, a
number of deformation mechanisms dependent on
the presence of grain boundaries have been
considered in order to account for the observed
creep behaviour. These include diffusional creep
processes [29—31], grain boundary sliding con-
trolled by the viscosity of the impurity phases
at crystal boundaries [13], dissolution and re-
deposition of material [22]; and transfer of the
viscous phases from boundaries under compression
to those under tension [32]. Support for the view
that viscous flow of impurity phases controls the
creep behaviour of RBSN and HPSN [13] has been
taken from the fact that the activation energy for
flow of certain silicate glasses [33] can be
of the order of the observed values for creep
(~ 650kImol™!). Furthermore, the results
recorded for the hot-pressed materials (Figs. 1 to
3) demonstrate the importance of the impurity
phases in determining the creep resistance. However,
the form of the creep curves (Fig. 1) and also the
stress- and temperature-dependence of the creep
rate (Figs. 2 and 3) are similar for all of the
products studied. This evidence suggests that,
despite marked differences in composition, amount
and distribution of impurity phases, the rate de-
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termining process is essentially the same for the
present range of materials.

For HPSN [13] and RBSN [18], it has been
observed that the applied stress required to obtain
a given creep rate in compression is about an order
of magnitude greater than that needed under
tensile creep conditions. Deformation mechanisms
dependent on the presence of viscous phases at the
grain boundaries would be expected to result in
comparable creep rates in tension and compression.
It has therefore been suggested [17, 18] that this
major difference in the creep strength in tension
and compression is a result of the deformation
processes being controlled by the fracture charac-
teristics of these materials. For both RBSN [10]
and HPSN [11, 13], cracks have been observed to
develop at grain boundaries during creep. The
formation of grain boundary cavities and cracks
depends on the magnitude of the tensile stresses
developed across the boundaries. Under com-
pression creep conditions, the maximum tensile
stresses developed (across boundaries parallel to
the specimen axis) are only about one tenth of the
applied compression stress [17]. The ten-fold
difference in creep strength in tension and
compression can therefore be accounted for on
the basis that the microcrack formation necessary
to accommodate relative movement of the
crystals, rather than the grain boundary sliding
itself, is the rate-controlling process with this type
of ceramic [17, 18].

This model is consistent with the observation
that the activation energies for creep of silicon
nitride materials (Q, = 650kJ mol™!) are similar
to the values reported for stress-rupture {18] and
crack growth [34—36]. The n values recorded
(Fig. 2) are also compatible with the stress
exponent (~2) which can be derived for grain
boundary sliding controlled by crack development
{37, 38]. With this approach, differences in crystal
size, porosity and impurity levels would modify
the creep resistance by influencing the ease of
grain boundary sliding and crack formation. In
addition, processes such as dissolution/redeposition
and viscous phase transfer could contribute inde-
pendenily to the overall creep strain, depending
on the creep conditions. The creep resistance of
silicon nitride ceramics (reflected in the magnitude
of the parameter, 4, in Equation 1) would then
depend not only on the type of material (Figs. 1
to 3) but also on the extent to which variations
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in fabrication procedure affect the microstructure
of the product.

3. Factors affecting the creep strength

of reaction-bonded silicon nitride
Several previous investigations have indicated that
the creep strength of reaction-bonded silicon
nitride depends upon a number of variables
including the impurity levels [9, 10], the /g ratio
[11,21], the amount and size distribution of
pores [7,21,39] and the nitriding atmosphere
I91. In addition, the strength can be affected by
the test atmosphere, with the creep rates recorded
being about 30 times greater in air than in vacuum
[40]. However, the effects of variations in test
atmosphere appear to be less significant with
material of relatively high density (~2.6 Mgm™?)
when the creep rates in air were found to be only
~20% more rapid than those in argon [17]. In
the present programme, a study has been made of
the extent to which the creep behaviour of
reaction-bonded silicon nitride is influenced by:

(i) variations in the purity and size distribution
of the initial silicon powders and the weight gains
during nitriding;

(ii) the presence of minor quantities of re-
fractory oxides.

3.1. The effects of silicon powder
characteristics

The effects of purity and size distribution of the
initial silicon powders were assessed by considering
the creep properties of the series of reaction-bonded
samples listed in Table 1 [41]. The compression
creep curves obtained in duplicate tests at 1623 K
and 145MNm™2 for these samples is shown in

TABLE I Fabrication details of reaction-bonded silicon
nitride materials

Silicon powder Average silicon ~ Weight gain (%)

description particle size during nitriding
(um)

(a) Commercial purity 12 60

(Murex)

(b) Commercial purity

(Murex) 12 63

(c) Commercial purity 25 60

(Dunstan and Wragg)

(d) High purity

(Hostombe) 15 63

(e) Commercial purity 63

(Dunstan and Wragg)
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Figure 4 Compression creep curves for samples of reaction-
bonded silicon nitride tested at 145 MNm™* and 1623 K.
The materials examined are designated (a) 12 um Si powder
(Murex) having weight gain of 60%, (b) 12 um Si powder
(Murex) having weight gain of 63%, (c) 25 um Si powder
(D-W) having weight gain of 60%, (d) 15 um Si powder
(Hostombe) having weight gain of 63%, (¢) 25 um Si powder
(D-W) having weight gain of 63%.

Fig. 4. Although all of the materials attained
similar secondary creep rates, significant differences
were found in the primary creep strains exhibited.

Since the commercial-purity Murex and the
high-purity Hostombe powders had comparable
initial powder sizes and the samples produced
showed similar weight gains during nitriding
(~63%), comparison of their creep behaviour
allowed the effects of variations in powder purity
to be considered. The similarity of the creep
curves recorded (Labelled b and d in Fig. 4)
suggests that improving the purity of the initial
silicon powder beyond normal commercial levels
does not significantly alter the creep behaviour
of RBSN.

The effects on creep strength of variations in
the weight gain during nitriding can be assessed
by comparing the results obtained for samples
produced from both the Dunstan and Wragg
25 um powder (i.e. curves ¢ and e in Fig. 4) and
the Murex 12um powder (i.e. curves a and b),
which had been nitrided in different batches. In
both cases, the primary creep strains recorded
were larger for material .of lower weight gain
during nitriding.

The present results also provide an indication of
the influence of the initial silicon powder size on
the creep behaviour. This can be shown by com-
paring the creep curves recorded for samples
produced from the 12 um Murex powder and the

25 um Dunstan and Wragg powder. When compacts
of these powders were nitrided to give weight
gains of either ~60% (i.e. curves a and ¢ respec-
tively) or ~63% (i.e. curves b and e respectively in
Fig. 4), it appears that increasing the average
siticon powder size results in material exhibiting
lower primary creep strains.

Minor differences in fabrication procedure can
therefore modify the creep behaviour specified in
terms of the time to achieve a given total creep
strain. The variables appear to influence the creep
properties by affecting the crystal size and pore
distribution of the reaction-bonded silicon
nitride.

3.2. The effects of oxide impregnation

In order to examine the effects of small quantities
of refractory oxides on the creep strength, a series
of RBSN samples were prepared which had been
impregnated with nitrate solutions and then de-
composed at 1023K [42] Testpieces were
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Figure 5 Compression creep curves for reaction-bonded
silicon nitride samples tested at 145 MN m™2 and 1623 K.
The samples were produced from either Murex 12um
silicon powder (shown as ———) or Dunstan and Wragg
25um silicon powder (shown as ). Both types of
materials were impregnated with 0.3% S10,, 0.06%
MgAl, O, or 0.3% CaO respectively.
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produced from materials made using both 12 um
silicon powder (Murex) and 25um powder
(Dunstan and Wragg), nitrided under the same
conditions as those giving weight gains of ~60%
(Table I). The impregnated samples, which
contained 0.3% Ca0, 0.3% SrO and 0.06% MgAl, O,
respectively, were also tested in compression at
1623K and 145MNm~%. The creep curves
recorded are presented in Fig. 5. As found for the
undoped specimens (Fig. 4), the primary creep
strains displayed by the samples produced from
the 12 um Murex powder were consistently larger
than those exhibited by the testpieces fabricated
using 25 um Dunstan and Wragg powder (Fig. 5).
The effects on the creep behaviour caused by the
impregnation with the different oxides were,
however, the same for samples made using both
types of powder. Adding 0.3%SrO was found
to increase the secondary creep rate by a factor of
7 to 10, adding 0.06% MgAl, O, increased the rate
by 8 to 10 whilst adding 0.3% CaO decreased the
creep resistance by 25 to 30 (Fig. 5) The presence
of minor quantities of refractory oxides can there-
fore cause a significant decrease in the creep
resistance of reaction-bonded materials. It would
appear that these additions affect the amount and
compositions of the impurity phases present,
increasing the ease of grain boundary sliding and
crack development.

4. The effects of silicon carbide additions
on the creep behaviour of hot-pressed
silicon nitride

Several studies have shown that the creep strength
of HPSN can be increased considerably by mini-
mizing the impurity contents, particularly the CaO
levels [13,19,20]. Another possible method of
improving the creep resistance of silicon nitride
involves the incorporation of a dispersion of
silicon carbide particles [5,43]. Silicon carbide
has generally been found to exhibit a higher creep
strength than silicon nitride materials (as illustrated
in Figs. 1 to 3) and several early studies suggested
that silicon carbide additions result in improved
creep resistance [5,43]. In contrast, some recent
work has indicated that the room temperature
strength decreases in proportion to the amount
of silicon carbide added [41,44]. A survey was
therefore undertaken to consider the effects of
silicon carbide additions on the compression
creep strength of HPSN.
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TABLE 11 The volume fractions and average particle

* sizes of the silicon carbide additions made to hot-pressed

silicon nitride

Mean silicon Vol % SiC

carbide

powder size (um)

2 0 5 10 15 20 30 40
3 10

13 0 5 16 15 20 30 40
53 16

4.1. Creep behaviour of Si; N, /SiC
materials

A wide range of samples were produced by mixing
silicon nitride and carbide powders before pressing
at 2073 K with ~5%MgO, giving materials with
densities in the range 3.2 to 3.23Mgm™>. The
volume fractions and the average SiC powder sizes
examined are given in Table II. Typical creep
curves for compression tests carried out at 1623 K
and 238 MNm™ are shown in Fig. 6. Although
the creep strength of silicon carbide is markedly
greater than that for the HPSN (Figs. 1 to 3), it
was established that the presence of a dispersion
of SiC particles could detrimentally affect the
creep behaviour of the hot-pressed silicon nitride
(Fig. 7). Additions of carbide of 2 to 3 um average
particle diameter (which was comparable with the
crystal size of the HPSN) did not change the creep
rate significantly (Fig. 7) whereas additions of
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Figure 6 Compression creep curves obtained at 238 MNm ™2
and 1623 K for hot-pressed silicon nitride and HPSN
samples containing a dispersion of silicon carbide particles.
The creep curve for sintered silicon carbide under these
testing conditions is included for comparison.
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Figure 7 The dependence of the secondary creep rate, ég,
of hot-pressed silicon nitride on the volume fraction of
silicon carbide additions of 2um and 13 um average
diameter for tests carried out at 238 MNm™? and 1623 K.

~13um SiC at concentrations above ~15vol%
caused an increase in creep rate. The influence of
the ~ 53 um particles was even more pronounced.

The effect of variations in the mean particle
size of the silicon carbide additions on the
secondary creep rates recorded is plotted directly
in Fig. 8. It can be seen that the creep strength
decreased only when particles above a threshold
size were introduced, the threshold size decreasing
with increasing volume fraction of carbide. The
results for all combinations of mean size and
volume fraction can be correlated by plotting the
observed secondary creep rate as a function of
the product of particle diameter (L) and volume
fraction (V). Then, over the range tested, once
a threshold value was exceeded the creep rate
appears to be linearly dependent on LV (Fig. 9).

Determinations of the stress- and temperature-
dependence of creep of the SizN,/SiC materials
were carried out by making stress or tempera-
ture changes during secondary creep. When the
results were expressed as:

g€, = Ao" exp (— Q. /RT)
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Figure & The dependence of the secondary creep rate, &,
of hot-pressed silicon nitride on the average size of the
silicon carbide particles for samples containing 10vol %
(o) and 40 vol % SiC (») for tests carried out at 238MNm™?
and 1623 K.
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Figure 9 The dependence of the secondary creep rate, €5,
on the product of the average size (L) and the volume
fraction (V') of the silicon carbide particles.

the stress exponent (n) was ~ 2 and the activation
energy for creep (Q.) was ~650kJmol~? for the
entire range of samples examined.

It must be recognized that the effect of the
SiC additions on the creep rate was not marked,
the maximum increase in creep rate observed being
~3 to 4 (Fig. 9). Yet, the additions had a more
significant effect on the creep ductility, the strain
to the onset of tertiary creep being only about
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Figure 10 The dependence of the total creep strain to the
onset of tertiary creep on the volume fraction of silicon
carbide addtions of 2 um and 13 um average diameter for
tests carried out at 238 MNm™2 and 1623 K.

half to one third of the value obtained for HPSN
{Fig. 10). The total strain to fracture was found to
be lowered to a similar extent.

4.2. The influence of SiC additions on the
deformation characteristics of HPSN

The observation that the form of the creep curve
and the stress- and temperature-dependence of
creep were unaffected by the silicon carbide
particles suggests that the mechanism of creep is
the same for the range of additions studied. The
effects of incorporating the SiC powders can then
be considered on the basis that the creep rate is
determined primarily by the development of
microcracks controlling the relative movement of
the crystals [17, 18] .

Under compression creep conditions, cracks
form preferentially on boundaries parallel to the
compression axis, i.e. on boundaries across which
a tensile stress is developed. The ease of formation
of cracks along the boundaries of the SiC particles
is shown in Fig. 11. Silicon carbide particles having
a crystal size (~2 to 3 um) similar to that of the
silicon nitride matrix would then be expected to
have little influence on the crack development
and, hence, on the creep rates observed. However,
the incorporation of larger particle sizes would
introduce grain boundary facets along which large
cracks can develop (Fig. 11) affecting both the
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Figure 11 Microstructure of hot-pressed silicon nitride
containing 30vol% of 13 um silicon carbide particles.
After a total creep strain of 0.04 during a test at
238MNm~? and 1623K, cavities and cracks can be
detected at the boundaries of the carbide particles which
are parallel to the compression axis (vertical) (X 660).

creep rate (Figs. 7 to 9) and the creep ductilities
(Fig. 10). The dependence of the creep rate on the
product LV (Fig. 9) can then be accounted for in
terms of this quantity providing a measure of the
total grain boundary area of carbide additions.

A further significant feature observed in the
present programme was that the presence of a
dispersion of large silicon carbide particles in-
troduced an orientation effect. All of the results
presented in Figs. 6 to 10 were obtained for
compression samples tested with the specimen
axis parallel to the pressing direction. However,
samples containing 0 and 30% of the 13 um SiC
powder were also prepared with the specimen
axis perpendicular to the direction of pressing. The
specimens containing the SiC particles gave, on
testing perpendicular to the pressing direction,
secondary creep rates which were ~ 3 times faster
than those recorded for testpieces with the
pressing direction parallel to the compression axis.
In contrast, the standard HPSN showed no orien-
tation effect. Microstructural examination es-
tablished that the SiC powder was not perfectly
equiaxed, and that the long axis became aligned
perpendicular to the pressing direction (Fig. 12).
Since cracks form predominantly on boundaries
parallel to the compressive stress axis, an ex-
planation can be provided for the orientation
effect observed with samples containing the
SiC powder. When the specimens were tested
with the compression axis perpendicular to the
pressing direction, faster creep rates would be
expected since the alignment results in a greater
effective surface area of carbide particles parallel
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Figure 12 Microstructure of hot-pressed silicon nitride
containing 30 vol% of 13 um silicon carbide particles. The
pressing direction is vertical. (X 170).

to the compression axis on which large cracks can
develop (Fig. 11).

5. Conclusions

(1) Compression creep tests carried out over a
range of stresses at temperatures from 1573 to
1673 K showed that samples of hot-pressed silicon
nitride displayed higher creep strains and lower
creep strengths than those for the reaction-bonded
materials tested. However, a sialon sample (with
z =1) was found to exhibit creep properties
which were comparable with those for the RBSN
testpieces studied, indicating that sialons can be
prepared having creep strengths at least equal to
those for reaction-bonded products.

(2) Several fabrication variables were found to
influence the creep properties of reaction-bonded
silicon nitride. In particular, the creep strength was
decreased significantly by the presence of small
quantities (in the range 0.06 to 0.3%) of refractory
oxides, with CaO having the most pronounced
effect. When the creep resistance was defined in
terms of the creep strains recorded in a specified
time, the creep strains observed for RBSN samples
appeared to be decreased by achieving larger
weight gains during nitriding and by increasing
the average size of the initial silicon powder.
In contrast, improving the purity of the silicon
powder beyond normal commercial levels did
not seem to affect the creep properties.

(3) Although the creep strength of silicon
carbide was found to be markedly greater than
that for the hot-pressed silicon nitride samples
tested, the incorporation of silicon carbide particles
into samples of HPSN did not result in improved
creep properties. Indeed SiC particles above a
threshold size resulted in slightly increased creep

rates and significantly decreased creep ductilities,
with the threshold size decreasing with larger
volume fractions of silicon carbide. Moreover,
with SiC particles above the threshold size, the

‘non-equiaxed nature of the particles resulted in

creep strengths which were dependent on whether
the specimens were tested with the compression
axis parallel to or perpendicular to the pressing
direction.

(4) The stress and temperature dependence of
the creep rate could be described by the equation

€ = Ad”™ exp - Qc/RT)

with n= 2.1 to 2.4 for all materials tested.
The activation energy for creep (Q.) was
~650kJmol™" for the reaction-bonded and hot-
pressed silicon nitride materials, whereas the
silicon carbide and the sialon samples gave Q.
values of 730 and 850 kJ mol ™! respectively.

(5) For the entire range of materials studied,
the creep rate appeared to be determined pre-
dominantly by the rate at which the development
of grain boundary microcracks allowed relative
movement of the crystals to take place.
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