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Studies of the high-temperature deformation behaviour of sintered reaction-bonded silicon 
nitride (SRBSN) materials were conducted at 1200 °C in air under selected stress levels, 
which were applied at a single stress or as a sequence of stepwise increasing stresses, The 
objective was to evaluate the effects of the fabrication methods (conventional versus 
microwave heating process), microstructure, and precursor silicon powder purity on the 
deformation and fracture processes during creep loading of SRBSN materials containing 
a mixture of 3 wt% AI203 and 9 wt% Y203 sintering additives. Results indicated that all of the 
SRBSN materials exhibited a threshold stress above which the dominant process underwent 
transition from creep to extensive creep-assisted crack growth (CACG) from existing pores. 
In addition, the microwave SRBSN materials exhibited a better resistance (higher threshold 
stress) to CACG process, compared with those fabricated by conventional heating with the 
same metallurgical grade of silicon powder. The higher threshold stress observed in 
microwave SRBSN is mainly associated with the increased number density of elongated 
grains and the related higher fracture toughness. However, the minimum creep rates and 
stress exponents obtained in the creep regime were independent of the heating method. The 
microwave SRBSN material fabricated with lower purity silicon also exhibited a higher 
threshold stress for multiple crack formation and growth as compared with that processed 
with higher purity silicon. Conversely, the creep rate of microwave SRBSN materials was 
decreased by decreasing the impurity level (i.e. iron) in silicon powder. 

1. Introduction 
Silicon nitride-based materials with elongated grain 
structure have been considered as one of the most 
promising candidates for high-temperature structural 
applications due to their superior thermomechanical 
properties, such as strength, fracture toughness, and 
fatigue and creep resistance [1, 2]. However, a major 
concern in Si3N4 materials is to optimize properties 
but at a much reduced cost. Cost reduction, therefore, 
has been recognized as a major factor for the success- 
ful introduction of advanced ceramics, especially 
Si3N4, into the marketplace [-3-5]. 

Sintered reaction-bonded Si3N4 materials are at- 
tractive alternatives to the materials made from the 
more expensive high-purity Si3N 4 powder [-6-8]. The 
advantages are derived from the facts that (1) silicon 
powder is much more economical as compared with 
high-purity SiaN4 powder, and (2) SRBSN exhibits 
less shrinkage than the compacts fabricated with 
Si3N4 powders, providing greater dimensional toler- 
ance and near net shape. Traditionally, the fabrication 
of SRBSN materials is carried out via a two-step 
process in a resistance-heated furnace. Recently, 
microwave heating has been introduced as an alterna- 
tive process for silicon nitride fabrication [,9-14]. In 
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these studies, improved densification during sintering, 
accelerated nitridation of silicon, and one-step pro- 
cessing of SRBSN have been reported. As a result, 
microwave heating may provide an economical pro- 
cess route for the fabrication of Si3N4 ceramic compo- 
nents. 

Several creep studies on RBSN materials fabricated 
by a two-step conventional heating process have been 
reported [15 21]. The RBSN materials investigated in 
those previous cases did not contain oxide densifica- 
tion additives, and the volume fraction of pores was 
relatively high (~ 15 %-30 %). The creep rate-control- 
ling process in these RBSN materials was, in general, 
attributed to a viscous flow (i.e. silicate) of grain- 
boundary phase which formed due to the internal 
oxidation of Si3N4 grains via open pores and channels 
during creep at elevated temperatures. As a result, the 
creep rates of these RBSN materials in an oxidizing 
environment were found to increase with increases in 
pore volume fraction and size and impurity content 
[-15-17]. 

In the  present study, the SRBSN materials were 
fabricated with the addition of 12 wt % oxide densifi- 
cation additives (A1203 plus Y203). Thus, the SRBSN 
investigated contained a,relatively large amount of 
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secondary glassy phase but had much higher final 
sintered densities (~97%) as compared with the 
RBSN materials mentioned above. The deformation 
and fi'acture processes during creep loading at t200 ~ 
of microwave SRBSN (MWSRBSN) were compared 
with the SRBSN fabricated by the conventional heat- 
ing process (CSRBSN). The effect of the silicon pow- 
der purity on the creep rate was also evaluated. This 
study is part of a larger effort to develop more cost- 
effective approaches to fabricate Si3N4 ceramics and 
to assess their application limit as high-temperature 
structural materials [22]. 

2. Experimental procedure 
The starting materials for the SRBSN consisted of 
appropriate amounts of silicon (metallurgical grade, 
3.4 gm mean particle size, < 0.5 wt % impurities:- 
0.29% Fe, 0.080% A1, and 0.007% Ca; Elkem Metals 
Co., Buffalo, NY), a-Si3N4 (Stark grade LC-10N, 
Berlin, Germany), A1203 (grade RC-HP DBM, 
Reynolds, Malakoff, TX), and Y203 (grade 5600, 
> 99.99%, Molycorp, White Plains, NY), with the 

final composition after nitriding and sintering to be 
Si3N4-9 wt % Y103-3 wt % A1203. A high-purity 
grade silicon powder (grade Si-HQ, 4.2 ~m mean par- 
ticle size, < 0.05 wt % impurities: 0.038% Fe, 0.08% 
A1, and 0.015% Ca; Elkem Metals Co., Buffalo, NY) 
was also employed to evaluate the effect of silicon 
powder)urity on the creep rate. Details of the powder 
processing of these "types of materials have been re- 
ported previously [9-12]. 

All of the SRBSN samples were pre-sintered in 
argon at 1200~ for l h  to obtain densities of 
58 %-62% theoretical density. All microwave process- 
in g was conducted in a 500 1 cylindrical microwave 
cavity operating at 2.45 GHz. The samples were 
packed in Si3N 4 powder containing 4 wt % Y203 and 
4 wt % SiC, inside a 15 cm x 15 cmx 12.5 cm alumina 
fibreboard box. Dense BN heat distributors were used 
to minimize local hot spots in the samples. Nitridation 
was performed with N2-4% H2-5% He at ~0.1 MPa 
with additional nitrogen added as the reaction pro- 
ceeded. After nitridation, the materials were heated to 
the sintering temperature and maintained for the ap- 
propriate time. The MWSRBSN samples were sin- 
tered at 1800 ~ for 90 rain. An entire heating cycle to 
1800 ~ required approximately 27 h. Further details 
on the microwave processing can be found in earlier 
studies [9-12]. The processing of the CSRBSN sam- 
ples was carried out in resistance-heated graphite fur- 
naces in a two-step process, consisting of a nitridation 
cycle in one furnace followed by a high-temperature 
sintering step at 1800~ for 90min in a different 
furnace. The employed nitridation gas and packing 
powder for CSRBSN materials were the same.as those 
used for MWSRBSN materials. Densities of both 
types of SRBSN billets were determined by the 
Archimedes method. 

Bend bars (3 mm x 4 mm x > 50 ram) for high-tem- 
perature study were prepared using diamond cutting 
and abrasive grinding wheels. The tensile surfaces of 
the specimens were machined by surface grinding in 
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a direction parallel to the length of the bars with a 220 
grit diamond resinoid-bonded wheel followed by 
a mechanical polishing through a 0.3 ~m diamond 
paste to obtain a mirror surface finish. The tensile 
surface edges were bevelled with a 6 gm diamond 
polishing lap. 

The flexural creep tests were conducted at 1200 ~ 
at selected applied stress levels in air: The specimens 
were loaded in a four-point bending fixture of sintered 
a-SiC (Carborundum Co., Niagara Falls, NY) with 
inner and outer spans of 19 and 38 mm, respectively. 
The stress was directly applied through a sintered 
a-SiC pushrod using a dead-weight loading system. 
The test specimens were held at test temperatures for 
at least 30 min under a stress of ~ 30 MPa to allow the 
apparatus to reach a thermal equilibrium condition 
before raising the stress to the desired level. The stress 
dependence of the creep rates was obtained by ap- 
plying a single stress until specimen failure or by 
stepwise increases in the applied stress for a fixed 
period of time (~ 180-200 h) at each stress level. The 
midspan deflection of the tensile surface of bend bars, 
with respect to the points on the tensile surface aligned 
with the inner loading points, was continuously 
monitored by a high-temperature three-probe exten- 
someter (Applied Test System, Inc., Saxonburg, PA). 
The creep rate versus time relationship was monitored 
using the displacement-time data to ensure that 
a steady state creep rate (or minimum creep rate) had 
been achieved. The applied stress and resultant creep 
strain were calculated from the load and displacement 
data using the procedures described by Hollenberg 
et al. [-23]. 

The microstructures of the as-sintered materials 
were characterized by both the optical and scanning 
electron microscopy (SEM), Following creep testing, 
the specimens were also examined using optical and 
SEM to characterize the deformation and fracture 
processes that were a consequence of creep loading 
and the accumulated creep damage in terms of applied 
stress level, microstructure, and composition. 

3. Results and discussion 
3.1. As-sintered microstructure 
Fig. 1 shows the typical microstructures of SRBSN 
materials fabricated by microwave (designated 
MWSRBSN-HiFe) and conventional (designated 
CSRBSN-HiFe) heating processes using metallurgical 
grade (high iron content) silicon powder ( < 0.3 wt % 
Fe impurities, designated HiFe). The microstructure 
of SRBSN fabricated with high-purity grade silicon 
powder ( < 0.04 wt % Fe impurities, designated LoFe) 
by microwave processing (designated MWSRBSN- 
LoFe) is also included for comparison. The polished 
specimen surfaces were etched in a plasma etching unit 
(SPI Supplies, West Chester, PA) for ~90 s using 
a 95% CF4-5% O2 gas mixture. SEM observations 
showed that the secondary amorphous phase formed 
a continuous network surrounding the [3-Si3N4 
grains. In addition, all of the SRBSN materials exhib- 
ited pores ranging in size from 1-15 gm (Fig. 2), which 
were present after the final sintering stage. The size 



Figure 2 Scanning electron micrographs showing the pore morpho- 
logy of sintered reaction-bonded silicon nitride (SRBSN). (a) 
CSRBSN-HiFe, (b) MWSRBSN-HiFe. 

Figure 1 Scanning electron micrographs showing the general 
microstructure of sintered reaction-bonded silicon nitride (SRBSN). 
(a) MWSRBSN-HiFe, (b) CSRBSN-HiFe, and (c) MWSRBSN- 
LoFe. 

and volume number density of pores were not quantit- 
atively analysed, but they were found to be insensitive 
to sintering method and purity of silicon powder. 
These samples were dry-pressed from the processed 

powders and the pore structure was most likely an 
artefact from this technique. The densities of these 
SRBSN materials, measured by the Archimedes 
method, were ~97%-98% theoretical density, inde- 
pendent of processing method and purity of silicon 
powder. At these sintered densities, the porosity pres- 
ent should consist of closed, isolated pores. Therefore, 
the effect of internal oxidation via open-pore channels 
on the creep rates would be minimal. X-ray analyses 

indicated that all SRBSN materials contained ~-Si3N 4 
and a secondary glassy phase. 

SEM observations (Fig. 1) showed that the 
MWSRBSN-HiFe material exhibited a greater frac- 
tion of larger elongated grains, with higher aspect 
ratio (length/diameter), than did the SRBSN pro- 
cessed by conventional heating (CSRBSN-HiFe). The 
aspect ratio range of the acicular [3-Si3N 4 grains in the 
CSRBSN-HiFe was ~ 1-4, while the ratio range for 
the MWSRBSN-HiFe was ~ 1-8. The difference in 
elongated grain microstructure between MWSRBSN- 
HiFe and CSRBSN-HiFe was largely attributed to the 
enhanced microwave coupling effect with the liquid 
phase, resulting in more acicular grain growth in 
MWSRBSN- HiFe [24, 25]. In addition, the SRBSN 
material made with the higher purity silicon powder 
(MWSRBSN-LoFe) exhibited an asPect ratio range 
(~ 1-7) similar to that fabricated with high iron con- 
tent Silicon powder (MWSRBSN-HiFe). However, the 
number density of larger [3-Si3N4 grains with a high 
aspect ratio (~  8) in the MWSRBSN-LoFe was about 
two-times less than those in the MWSRBSN-HiFe 
(Fig. 1). Previous studies by Tiegs et al. [11] reported 
that the samples (MWSRBSN-HiFe) fabricated with 
lower purity silicon powder contained more a-phase 
(~70%) as compared with that (MWSRBSN-LoFe) 
processed with the higher purity silicon powder 
( <  50%) after nitridation in a microwave furnace. 
The presence of iron impurity in silicon powder is 
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known catalytically to accelerate the nitridation rate 
due to the formation of an FeSi2 liquid phase at 
a eutectic temperature of 1208 ~ [26, 27]. The pres- 
ence of FeSi2 alloy, a s  the liquid transport medium, 
enhances the formation of the cz-phase particles via the 
vapour-liquid-solid mechanism [26]. Because the 
growth of the ~-Si3N4 grains occurred by solution of 
the initial ~-particles present and the reprecipitation 
of Si3N4 on the pre-existing f3-particles, the higher 
initial 0~-phase content would result in more elongated 
grain growth during the 0~ to f3 transformation and 
improved mechanical properties [28]. 

As a result of these highly developed elongated- 
grain microstructures, the MWSRBSN-HiFe exhib- 
ited a higher fracture toughness (8.7 MPa m t/2) as 
compared with CSRBSN-HiFe (5.7 M P a m  I/2) or 
MWSRBSN-LoFe (7.0 MPa m~/2). The fracture 
toughness in the present study was measured by a con- 
trolled-flaw and fracture method with the 294 N 
Vickers indents and crack length of ~340-480 gm 
[29]. Previous studies have demonstrated that the 
ceramic materials with higher toughness and R-curve 
behaviour exhibit higher tolerance to flaws introduced 
during processing or service [30, 31]. The Study con- 
ducted by Tajima et al. [31] showed that the low- 
toughness materials exhibited a Substantial decrease 
in strength with a decrease in grit of the diamond 
grinding wheel, whereas the highest toughness mater- 
ial showed almost no degradation in strength, 
regardless of machining conditions. Therefore, it is 
anticipated that the MWSRBSN-HiFe should exhibit 
higher resistance to process- or service-induced flaws 
and damage than either the CSRBSN-HiFe or 
MWSRBSN-LoFe materials. Furthermore, the 
MWSRBSN-HiFe also exhibited the highest room- 
temperature flexural strength (744 _+ 50 MPa) with re- 
spect to MWSRBSN-LoFe (687 4-_ 57MPa)  and 
CSRBSN-HiFe (600 +_ 66 MPa). Because the pore 
volume fraction and morphology in all these SRBSN 
materials are similar, the difference in fracture 
strengths may result from variations in the fraction of 
larger elongated grains present. 

3.2. High-temperature deformation 
behaviour 

Fig. 3 illustrates the typical creep strain versus time 
curves for MWSRBSN-HiFe specimens, which were 
under a single applied stress of 175 or 200 MPa  at 
1200 ~ in air. Generally, the test specimens with short 
creep lives always failed in the primary creep regime 
(shown in Fig. lb) and those which could sustain the 
applied load up to 250 h without specimen failure 
exhibited a primary stage followed by a long apparent 
secondary stage (Fig. la). Therefore, the creep data 
obtained from single-stress tests for all the SRBSN 
materials include the creep rates obtained in primary 
stage, ~primary, a n d  in the apparent minimum creep 
stage, Sm~, as will be depicted below. 

Fig. 4 summarizes the creep results at 1200 ~ and 
at stress levels from 75-250 MPa  in air for SRBSN 
materials fabricated by microwave (MWSRBSN- 
HiFe) and conventional (CSRBSN-HiFe) heating pro- 
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Figure 3 Creep strain versus time curves for MWSRBSN-HiFe 
tested at 1200~ under an applied stress of 175 or 200 MPa. 
(a ) ( - -o- )  175MPa, t f=3.6h;(-Fq-)200MPa,  t f=3h,(  ) 
175MPa for 210h. (b) ( - � 9  175MPa, tf=3.6h; ( - [ ] - )  
200 MPa, tf = 2 .5  h;  ( - - )  175 MPa for 210 h. 
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Figure4 Strain rate versus applied stress curves for (O, �9 
MWSRBSN-HiFe and (B, [q) CSRBSN-HiFe materials. Note thal 
the MWSRBSN-HiFe exhibited a higher threshold stress for creep- 
assisted crack growth than the CSRBSN-HiFe. (O, IB) Step 
(�9 [Z) single ~. 

cesses. These two SRBSN materials were fabricated 
with the same metallurgical grade (high iron conten( 
of silicon powder. The creep data were obtained fron: 
single-stress or multiple-stress tests. Results from the 
single-stress tests indicated that a threshold stress 
existed above which both MWSRBSN-HiFe and 
CSRBSN-HiFe exhibited higher creep rates anc 



Figure 5 Scanning electron micrograph of the fracture surface in the 
tensile surface region Of MWSRBSN-HiFe tested at 1200 °C and at 
175 MPa with creep life of 3.6 h. Extensive crack formation and 
growth, formed as a band of cavities linkage, was observed in the 
specimens failed in the primary creep stage. 

shorter creep lives (~ 0.2-3 h) accompanied by higher 
stress exponents. In the regime below the threshold 
stress, both SRBSN materials exhibited similar low 
creep rates (~10 -gs -1) and low stress exponents 
(n ~ 1), indicative of a creep-dominant process (creep 
regime). The threshold stress was ~175 MPa for 
MWSRBSN-HiFe and ~100MPa for CSRBSN- 
HiFe. The transition to high creep rates and short 
creep lives was found to be associated with the occur- 
rence of extensive multiple crack formation and 
growth (Fig. 5). 

Fig. 5 shows the fracture surface of MWSRBSN- 
HiFe specimen tested at 175 MPa and failed in the 
primary stage with creep life of 3.6 h. The fracture 
surface was created at room temperature in a direction 
perpendicular to the original high-temperature frac- 
ture surface and parallel to the tensile stress orienta- 
tion. The fracture surface revealed features of exten- 
sive multiple crack formation and growth, which were 
initiated at existing pores. Similar features were also 
observed in the CSRBSN-HiFe materials. The obser- 
vations suggested that at stresses above the threshold 
level, the cracks initiated and grew from the existing 
pores, which served as the stress concentration sites 
for crack and creep cavity initiation, and coalesced 
and rapidly reached a critical size during the primary 
creep stage, ultimately leading to catastrophic failure 
with short creep life for both MWSRBSN and 
CSRBSN materials. The creep deformation processes, 
such as grain-boundary sliding and the diffusional 
process via the intergranular amorphous phase, would 
further assist this multiple crack-growth process. Ob- 
servations also showed that the size of the damage 
zone developed in the MWSRBSN-HiFe specimens 
tested at 175 MPa was at least five times larger than 
those in the CSRBSN-HiFe specimens tested at 
175 MPa (as is evident in Fig. 6). The greater resist- 

Figure6 Fracture surface features of (a) CSRBSN and (b) 
MWSRBSN samples tested at 1200 °C and at 175 MPa with failure 
occurring in the primary creep stage. Note the damage zone de- 
veloped in the MWSRBSN is four times larger than that in the 
CSRBSN. 

ance (i.e. higher threshold stress) to the creep-assisted 
crack growth (CACG) process observed in the 
MWSRBSN-HiFe material is attributed to its higher 
fraction of larger elongated grains (Fig. 1) and higher 
room-temperature fracture toughness as compared 
with CSRBSN-HiFe material. Furthermore, the larger 
elongated grains in the MWSRBSN-HiFe material 
will more effectively bridge the crack developed dur- 
ing creep loading and ~be able to sustain a larger 
damage zone prior to fracture with respect to the 
CSRBSN-HiFe material when tested at the same 
stress level above the threshold stress. 

On the other hand, the creep data obtained under 
sequential multiple,stress, always starting with stress 
levels below the threshold stress for CACG process, 
revealed that both MWSRBSN-HiFe and CSRBSN- 
HiFe can be subjected to stresses up to 250 MPa for at 
least 200 h without causing specimen failure. In addi- 
tion, results from single stress tests below the thre- 
shold and multiple stress tests indicated that both 
SRBSN materials exhibited similar creep rates and 
stress exponents (n~ 1) under the stress levels em- 
ployed, independent of fabrication process. Such a 
low stress exponent (n~ 1) is consistent with either 

6481 



10 .6 I 

ACG regime 

107 f 1 (~;primary) 
~ | Threshold for 

I HiFe 

10-8 Threshold for 
�9 -~ ~ LoFe J 

Creep regLrne I....-- ~ 
10 -9 (~;mi.) ~ m  

, / I  n ~ 1 

I 0 -I~ , , I 

70 80 90 100 200 300 
Stress (MPa) 

Figure 7 Strain rate versus applied stress curves for MWSRBSN 
materials fabricated with (O, �9 metallurgical grade (0.3% Fe, 
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diffusional or viscous creep processes associated with 
amorphous grain-boundary phase(s) [32-35]. Similar 
stress exponents (n < 2) were also reported for creep 
studies of RBSN materials without oxide sintering ad- 
ditives [-15-18]. In those previous studies, creep was 
attributed to the viscous flow of the grain-boundary 
phase (i.e. silicate) formed due to the oxidation of Si3N4 
grains through the open pore channels. As the sintered 
density of all the SRBSN investigated in the present 
study was ~ 97%, the pores present would be isolated 
and closed ones. The influence of internal oxidation 
through open-pore channels on the creep results ob- 
tained in the present study will be therefore very limited. 

The creep results of MWSRBSN materials fab- 
ricated using high (MWSRBSN-HiFe) and low 
(MWSRBSN-LoFe) iron content silicon powders are 
summarized in Fig. 7. The relative impurity levels 
(mainly iron) in MWSRBSN-HiFe and MWSRBSN- 
LoFe materials are 0.3 and 0.04 wt %, respectively. 
Results from single-stress tests revealed that 
MWSRBSN-LoFe material exhibited a relatively low 
threshold stress (~150  MPa) for the transition to 
a CACG process with respect to that obtained for the 
MWSRBSN-HiFe material (~  175 MPa). This is con- 
sistent with the lower fraction of larger elongated 
grains (as seen in Fig. 1) and lower toughness value in 
the MWSRBSN-LoFe material. On the other hand, 
data from single stress tests below the threshold, and 
sequential multiple-stress tests, indicated that the 
creep resistance of MWSRBSN materials may be im- 
proved somewhat by reducing the silicon powder im- 
purity (i.e. iron) levels. For  instance, the MWRBSN- 
LoFe material exhibited creep rates that were slightly 
( ~  three-fold) lower than the MWRBSN-HiFe mater- 
ial under the same applied stress levels at 1200 ~ Iron 
remains in the intergranular amorphous phase where 
it reduces the viscosity and softening temperature, 
thus enhancing the creep rates. The stress exponent 
was approximately 1 for both MWSRBSN materials, 
indicative of diffusional or viscous flow creep process. 

As seen from the single-stress tests, all the SRBSN 
materials exhibited a threshold stress above which the 
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Figure8 Strain rate versus applied stress curves for (�9 0) 
MWSRBSN-HiFe and CSRBSN-HiFe materials in the ([3) as-sin- 
tered or (I) as-annealed condition. The post-annealing at 1200 ~ 
increased the threshold stress for creep-assisted crack growth. 

materials fractured by the occurrence of extensive 
multiple crack generation and growth, and below the 
threshold the deformation in SRBSN was governed by 
the diffusional or viscous creep processes. Above the 
threshold level, extensive microcracks formed and 
grew from existing pores. The growth of these micro 
cracks would be further assisted by the creep deforma- 
tion processes via continuous nucleation, growth and 
coalescence of creep cavities. The rapid development 
of damage zone within the critical crack-tip process 
zone by a continuous linkage and growth of micro 
cracks led to final failure of the materials as the dam- 
age accumulation ultimately reached the critical size. 
The threshold stress for the CACG process to occur 
was observed to increase with the  fraction of larger 
Si3N4 grains with high aspect ratio, consistent with 
the measured fracture toughness values as discussed in 
the previous section. The MWSRBSN-HiFe material 
with the highest fracture toughness exhibited a better 
resistance (a higher threshold stress) to the CACG 
process as compared with either the CSRBSN-HiFe 
or MWSRBSN-LoFe materials. 

On the other hand, for sequential multiple-stress 
tests that began at a stress below the threshold for 
CACG process, the applied stress could be sequen- 
tially increased up to 250 MPa without any specimen 
failure. Therefore, a heat treatment at 1200 ~ in air 
for 100 h was conducted on both MWSRBSN-HiFe 
and CSRBSN-HiFe materials prior to creep tests to 
evaluate the effect of oxidation on the CACG suscepti- 
bility. Creep results at 1200 ~ for both SRBSN mater- 
ials showed that an initial Single stress up to 200 MPa 
can be applied on the annealed specimens for up to 
200 h without any specimen failure (Fig. 8). Additional 
experiments showed that the creep rates and stress 
exponent of annealed specimens under a single-stress 
test were similar to those obtained from sequential 
multiple-stress tests without heat treatment in air. 
Results suggested that the heat treatment at 1200 ~ in 
air prior to creep testing could seal the tensile surface 
and blunt the microstructural defects through the 
SiO2 formation, resulting in an increased threshold 
stress ( ~> 200 MPa). Similar observations of enhance- 
ment in creep properties were also reported previously 



for RBSN materials annealed at 1400 °C in air 1-16]. 
Further detailed studies are under way to explore the 
effect of various heat-treatment processes on the creep 
response of SRBSN materials. 

4. Conclusion 
Studies of high-temperature deformation and fracture 
behaviour in SRBSN materials fabricated by micro- 
wave and conventional heating processes indicated 
that the MWSRBSN materials exhibited a better res- 
istance to the creep-assisted crack growth process, 
which initiated at the existing microstructural defects 
(i.e. pores). The enhancement in resistance to the 
creep-assisted crack-growth process was largely asso- 
ciated with the increased elongated grain growth by 
microwave heating, consistent with the fracture 
toughness results. On the other hand, in the creep 
regime both SRBSN materials exhibited similar creep 
behaviour, low creep rate and stress exponent (n ~ 1), 
independent of the heating process. The stress expo- 
nent of 1 was attributed to diffusional or viscous creep 
processes. Creep results also indicated that the micro- 
wave SRBSN containing lower purity silicon powder 
revealed a higher threshold stress for creep-assisted 
crack growth as compared with that processed with 
higher purity powder due to an increased fraction of 
large elongated grains. But, the creep rate of micro- 
wave SRBSN was reduced by increasing the silicon 
powder purity (decreasing iron impurity). A heat treat- 
ment at 1200 °C in air prior to creep testing resulted in 
the sealing of the tensile surface and blunting of pores 
due to formation of SiOi, reducing the susceptibility 
to the creep-assisted crack-growth process. 
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