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SikNs-composite materials containing different amounts of MoSiwere produced by hot-pressing. MoSiparticles (mean size

0.8 ym) were homogeneously dispersed within a nanostructuredf§li, matrix (mean grain size < 0.2um). The influence of
MoSi, inclusions on the microstructure, and electrical and mechanical properties of the composites is discussed and compared
to the properties of monolithic SgN4. As a result of the refined matrix microstructure and presence of ductile inclusions, these
materials possess good mechanical properties, with bending strengths up to 1130 MPa (RT) and 880 MPa (1000°C) and
fracture toughnesses up to 8 MPa-th Electrical resistivity is ~10° Q-cm.
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Introduction molybdenum disilicide particulate composites. Silicon
nitride is one of the most important structural ceramic
Silicon nitride and molybdenum disilicide have recently materials because of its combination of high-temper-
attained considerable attention as matrix and/or reinfor- ature refractoriness, high strength, low thermal expan-
cing phase for the development of high performance sion coefficient, low density and high-temperature
structural or functional ceramic composites [1-17]. oxidation resistance. Silicon nitride is difficult to densify
Molybdenum disilicide is an excellent structural and due to its low diffusion coefficient. Conventionally fully
electroconductive ceramic that, due to its uniqgue com- dense materials can be obtained through liquid-phase
bination of properties, fulfils many of the requirements sintering with the addition of sintering aids. MgO has
for high temperature applications [1-3]. Its moderate been extensively used as a sintering aid fgN,Sas
density (6.31 g/cA) is suitable for the rotating parts of well as other metal oxides, rare earth oxides and their
turbine and automobile engines. The occurrence of acombinations [18,19]. The addition of MgScan
surface glassy layer of silica that forms at high temper- further improve the performance of8i, especially if
ature under oxidizing conditions ensures the excellenta suitable control of the morphology, particle size and
oxidation resistance of this material, providing improv- degree of dispersion of the second phase is performed.
ed efficiency for applications in heat exchangers and An important factor is the amount of MgSif it is
gas burners. Moreover, Mg3iossesses a high melting higher than about 30 vol %, the resulting composite is
point (about 2030°C), and its high electrical conducti- electroconductive. This is advantageous from different
vity can be exploited in a wide range of electrical point-of-views: on the one hand the materials associate
applications such as heaters and igniters. The mainelectroconductive functions to enhance its thermo-
limitations of this material are the low fracture tough- mechanical behaviour, on the other hand complex shapes
ness at room temperature and the brittle-to-ductile can be made by electrodischarge machining starting
transition at about 1000°C. Above this temperature, the from simple shaped pieces. In fact, one of the main
material plastically deforms and the strength values arelimitations of silicon nitride is the high cost of its
low. machining. As SN, is an electrical insulator and a
The efforts to improve the qualities of Me&ave hard material, it must be diamond machined, which is a
been focused on compositing. There is plenty of liter- time consuming and expensive process. For this reason,
ature indicating various strategies of compositing where the addition of MoSiparticles allows the production of
the MoS} is used as the matrix or reinforcement in complex shapes by way of electrodischarge machining,
combination with SiC, SIAION, AD;, ZrO, and SiN, which is a relatively low-cost technique. Moreover, it
[4-17]. has been found that MgSadditions can improve
In this paper attention is focused on silicon nitride- oxidation resistance and fracture toughness compared
to monolithic silicon nitride [9].
In this paper, composites containing different amounts
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studied previously and picked as the matrix for the
present composite materials due to its high sinterability
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and aspect ratio of thes8i, matrix particles were also
determined on micrographs of plasma etched surfaces

and excellent mechanical properties such as fractureby image analysis.

toughness and flexural strength [18, 19].

On polished surfaces, Vickers microhardness (HV)

The microstructure and properties of the composites was measured with a load of 9.81 N, using a Zwick

were compared to those of the matrix in order to
investigate the origin of the toughening and strength-
ening mechanisms due to the action of the MoSi
particles. Thermal and electrical properties were also
measured and are discussed.

Experimental

Commercial powders were used as raw materials.
Their main characteristics are indicated below.

- SizN4 powder (Ube-SN-E10): 95%-SisN, and 5
% B-SisN,4, specific surface area: 11.5/g) mean
particle size: 0.16um, chemical composition: O:
1.09%, Cl: 0.01%, Fe: 0.01%, Ca: 0.005%, Al:
0.005%;

—MoSi, (Aldrich): purity 99%, mean particle dimen-
sions 2.7-2.8im, crystalline phase: tetragonal MeSi

As sintering aids for the $pil, matrix, AlL,O; Ceralox
HPa0.5 and ¥O; HC-Starck, were selected.
The following compositions were prepared:
1. 70 vol % (89 wt % SN, + 3 wt % AbOs + 8 wt %
Y ,03) + 30 vol % MoSj, labelled S30
2. 60 vol % (89 wt % SN, + 3 w t% AbO; + 8 wt %
Y.03) + 40 vol % MoS], labelled S40.

3212 tester.

Fracture toughness () was evaluated by indenta-
tion crack length using a load of 98.1 N and by the
chevron-notched beam (CNB) in flexure. For the
indentation tests, at least ten indentations were made
and the crack length measured. The formula proposed
by Anstiset al. [20] was used for the calculation. For
the chevron-notched beams, the barss22&%2 mmn?
(length x thickness x width, respectively) were notched
with a 0.08 mm diamond sawry and a; were about
0.12 and 0.80, respectively. The flexural tests were
performed on a semi-articulated alumina four-point jig
with a lower span of 20 mm and an upper span of 10
mm on an Instron model 1195 universal screw-type
testing machine. The specimens, three for each com-
position, were deformed with a crosshead speed of 0.05
mm/minute. The “slice model” equation of Muatal.

[21] was used for the calculation of.K

Young modulus (E) was measured by resonant fre-
quency on specimens 28<0.8 mnt using an Hewlett
Packard gain-phase analyser.

Flexural strengthd), up to 1300°C, was measured
with an Instron model 6025 screw-type testing machine,
on chamfered bars 28x2.5 mni (lengthx thickness
x width), in 4-point bending with 20 mm and 10 mm as

The powders were mixed through ball milling using outer span and inner span, respectively, using a cross-
SisN4 balls for 24 h in ethyl alcohol. Then they were head speed of 0.5 mm/minute. For high temperature
dried using a rotary evaporator and sieved. Sinteringtests, a soaking time of 18 minutes was set to reach
was performed by hot-pressing at 1720-1740°C with an thermal equilibrium before starting the test.
applied pressure of 30 MPa and a holding time 10 The linear thermal expansion coefficient was measur-
minutes, in vacuum. The final densities were determin- ed from dilatometric tests up to 1400°C using a heating
ed using Archimedes method. rate of 5 K/minute.

All samples were examined by X-ray diffraction The electrical resistivity measurements were carried
(XRD) to determine the crystalline phases present. Theout using a four probe DC method at room temper-
specimens were cut, polished and etched /&) ature, inducing a current in bar specimensx#.2<25
plasma. The microstructures were observed by scan-mn?. The current and the voltage reading were detect-
ning electron microscopy and energy dispersive spectro-ed at the same time in two different digital high-
scopy (SEM-EDS); micrographs of selected samplesresolution multimeters. The resistivity values were
were analysed by image analysis (Image Pro-plus 4.0,determined from the electrical resistance measurement,
Media Cybernetics, Silver Springs, USA) to determine taking into account the test leads length and cross
the size distribution of Mogiinclusions. The mean sectional area of the samples.
diameter of the inclusions was determined as the Using a Zwick indenter, cracks were also generated
average of 500-1000 particles, depending on the on polished sample surfaces in order to study the crack
sample. Each mean value is calculated by the imagepaths, through SEM analysis.
analysis program, as the average length of diameters All the properties of the composites were compared
measured at 2 degree intervals and passing through thevith those of the material constituting the matrix
particle centroid. The standard error of the mean value (reported in detail in previous papers [18, 19]):
was taken as the rat&tandard deviatiotVN , whereN 89 wt % SiN, + 3 w t% ALO; + 8 wt % Y,Os, labelled
is the number of grains counted. The mean grain sizeS0.
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Table 1. Compositions, sintering conditions, density and microstructural parameters, meanzstandard error when appropriate

Hot DEQS'W Matrix mean'\é?;':]( I\r/ln(()a?; MoSi,
Sample Composition pressing Rel P Crystalline phases Grain size A Grain si aspect
Conditions elative (um) spect Grain size ratio
(g/lcn?) % ratio  (um)
SO* 89wt % SiN, + 3w t% 1710°C/60°/ 3.30 100 B-SisNg4 0.430.08 6.8 - -
(referenceAl, 05 + 8 wt % Y,03 30 MPa residuala-SisN4: 7% vol
material)
S30 70 vol % (89 wt % 8\, 1720°C/107 4.07 97.5 a-SigNy, B-SisNg4, Tetr. MoS; 0.18:0.05 1.7 0.820.03 1.7
+ 3 wt % ALO; + 8 wt % 30 MPa Traces: Hex. MoSi
Y,05) + 30 vol % MoSi residuala-SisN,: 40% vol
S40 60 vol % (89 wt % @\, 1740°C/10"/ 4.37 97.5 a-SisN4 B-SizN,s Tetr. MoSp  0.2Gt0.04 1.7 0.880.04 1.7
+ 3 w t% AbLO; + 8 wt % 30 MPa Traces: Hex. MoSi
Y,05) + 40 vol % residuala-SisN,: 36% vol

*From previous work: [18, 19]

Results and Discussion

Microstructural features of the composites (S30
and S40)

All the materials reached nearly full density after the
hot-pressing route, as confirmed by the absence of
porosity ascertained through microstructural analyses.
The theoretical density values of the composites (Table
1) are overestimated as they were calculated on the
basis of the rule of mixtures without taking into account
glassy grain boundary phases. In the composites, glass
phases are present in an amount higher than in the
reference monolithic material owing to some silica in
the starting powder mixtures introduced with the addi- 2um 2
tion of MoSt, particles. The presence of an amorphous ;
SiO, phase is generally unavoidable in MQ3s a  Fig. 1. Fracture surface of composite S40. (a) Secondary electron
result of the thermodynamic stability of this phase. A image (SE) and (b) corresponding back-scattered electron image
1-2% content of oxygen in the MeSiowder is report-  (BSE).
ed by many authors [12, 13]. In the present work, an
amount of 1-2% of silica in the final products is dimensions of the Mogiinclusions, which present a
enough to explain the deviation of experimental den- lighter contrast than the silicon nitride matrix. The
sities from theoretical ones. composites exhibit a defect free microstructure, without

In the composites, both- and-SisN4 and tetragonal  residual porosity. The shape of inclusions is irregular
MoSi, are present. No reaction occurred between (Fig. 2c), as their external outline follows the;N&i
MoSi, and SiN, as already reported in the literature [1, grain boundaries. It can be hypothesized that the higher
7, 9]. The diffractograms for the plane perpendicular to ductility of MoSiL compared to the matrix material
the hot pressing direction revealed a preferred orienta-favours the constraint and the accommodation of these
tion of MoS}, cristallites along the direction (hkO) of particles in the spaces available amongNgSigrains
about 13%. By contrast, in any plane parallel to the hot during sintering. Moreover, due to the effect of the
pressing direction, the inclusions were randomly orient- applied pressure, the shape is slightly elongated with
ed. the major axis perpendicular to the direction of the

In Fig. 1, an example of the fracture surface of a pressure.
composite (sample S40) is shown. In spite of the differ- The MoSj mean particle diameter (~08n, Table
ence between thermal expansion coefficients, (MoSi 1) and particle size distributions in the two dense
9-10° K™, SiEN, 3-10° K™), good adhesion was composites are very similar, Fig 3. An 80% proportion
found between the two phases. No pull-out of MoSi of the particles has dimensions ranging between 0.1
particles was observed on the fracture surfaces andand 1um, (50% of inclusions have sizes in the @
according to Ref. 7, no cracks arising from thermal range). Although some big particles are evident on
expansions mismatch were found on polished surfacesSEM micrographs (Fig. 2a, b), higher magnification
(Fig. 2a, b) along phase boundaries. micrographs (Fig. 2c) confirm that most Me®iarti-

Fig. 2a, b also reveals the distribution, shape andcles have very small dimensions.
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Fig. 4. Matrix microstructure after plasma etching.

material SO (from 0.43 [19] to 0.18-0.30m), see
Table 1.

Unlike the SO material, the composites undergo only
a partiala - B-phase transition, as already observed in
X-ray spectra: residual amounts @fSi;N4 are in the
range 35-40%, Table 1. As a result, most of thdlSi
grains in S30 and S40 specimens are still equiaxed. A
small amount of elongated grains are also present with
Fig. 2. Polished surface of composites. BSE image of (a) and (c) different aspect ratio values (up to ~5). The grains are

S30, (b) S40. separated by an intergranular secondary phase typical
of liquid-phase sintered systems [18, 19], that is com-
025 T pletely glassy, as confirmed by the absence of crystal-

B} — S30 line phases in addition to silicon nitride and molyb-

g 021 A ~*S40 denum disilicide.

2 A direct comparison of the densification behaviour
g 0151 of the three samples reveals that, although the sintering
g o1 temperature was about the same, the holding time
% ’ (10 minutes) needed for S30 and S40 to reach a full

S 0051 density was considerably lower than for SO (60
minutes). Therefore, we concluded that the presence of

0 2 P vaesey J MoSi, did not inhibit densification. The low degree of

0 05 1 15 2 25 3 35 4 45 5 several concurrent phenomena such adN;Sgrain
MoSi; particle size (m) growth, thea - 3 phase transition and development of

SisN, elongated grains has to be ascribed primarily to
the short soaking time at 1700°C. In addition, the
presence of silica in the starting Mg®iowder must
Comparing the size distribution determined by image have lowered the temperature at which the liquid
analysis with the particle size distribution of the start- phase starts to form (from 1500°C for SO to about
ing MoSh powder, (the cumulative distribution shows 1400°C for S30 and S40), which means a lower
that only 10% of the powder particles have a particle viscosity of the liquid phase at the hot-pressing
size < 1um), it can be concluded that MeSiarticles temperature. It is well known that the densification of
did not aggregate during the preparation of powder silicon nitride occurs by the dissolution @fSisN,; and
mixtures. This effect, already observed [7], may be due its reprecipitation a$-SisN4 through diffusion in the

Fig. 3. Particle size distributions in the composites.

to the milling procedure. liquid phase of the involved species. The diffusion rates
depend to a great extent on the liquid phase viscosity:
Comparison with the microstructure of SO in the case of the present composites, higher diffusion

In Fig. 4, an image of S40 after plasma etching is rates are associated with the lower liquid phase
shown, revealing the microstructure of the silicon viscosity that favours the development of mainly
nitride matrix. The silicon nitride grain size here is equiaxed grains and lowers the aspect ratio of the
considerably smaller when compared to the referenceelongated ones.
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Fig. 5. Young modulus experimental values compared with Hashi
and Shtrikman bounds.

Mechanical properties

1) Young modulus

In Fig. 5, the data are plotted with the Hashin and
Strikman bounds [22] calculated with 440 GPa, 0.15
[1], 311 GPa, and 0.28 [23] as Young modulus and
Poisson ratio for Mo%iandSisN,4, respectively. The
experimental error is estimated to be about 1%. The
difference between the bounds and the experimental

values of the composites can be attributed to the pres-

ence of a glassy phase, since no porosity or micro-
cracking was observed in the microstructure. Since the
contribution of the grain boundary glassy phase due to
the sintering aids is already incorporated in the value
relative to the reference material, a rough estimate of
the additional glassy phase content coming from the
introduction of the MoSican be carried out working
backwards with the Hashin and Strikman bounds.
Assuming the simplified hypothesis that this glassy
phase is fused silica and taking 70 GPa [24] and 0.16
[25] as the Young modulus and Poisson ratio for this
phase, a volumetric Si@ontent in the range 2-4 vol %
and 3-5 vol % can be calculated for S30 and S40,
respectively, which are not far from some estimates of
SiO, content in the Moimaterials obtained by other
methods [3, 12, 13].

2) Hardness

The Vickers hardness of the composites is in good
agreement with the values found in literature on similar
materials [8]. Being softer than thesl$j matrix, the
introduction of the MoSi phase lowers the hardness
linearly [26]. As shown in the plot of Fig. 6, an
estimate of MoSi pure phase hardness is, by linear
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Fig. 6. Mean hardness values as a function of Me8iumetric
content. The solid line is the best fit calculated on the data. Erro
bars are +1 standard deviation.
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Fig. 7. Experimental fracture toughness values as measured by
indentation crack length and chevron-notched beam methods.
Error bars are 1 standard deviation.

evident from the toughness values: the increase of the
K, with the introduction of the Mogiphase and the
decrease of toughness when the molybdenum content
passes from 30 to 40 vol %, as revealed in Fig. 7. For
all the materials, the indentation fracture toughness is
higher than that measured by chevron-notched beams,
especially for the composites. In Ref. 8, the indentation
fracture toughness values were instead found to be
lower than those measured by the controlled-surface
flaw method and the authors suggested that this was a
possible manifestation of an R-curve phenomenon in
these materials. With the configuration adopted, in our
chevron-notched specimens the propagation of the
crack before the unstable fracture was about 500 pm,
while in the indentation toughness the length of the
cracks was in the range 90-130 um. Either an R-curve

regression, 12.3 GPa, close to the range 9.3-11.2 GPghenomenon is not so evident in our materials or it is

reported in Ref. 3.

3) Fracture toughness

masked by some other effects. The toughening increment
due to the introduction of MoSreinforcement in the
SisN4 matrix was attributed by Petrovét al. [8] to the

Independently of the technique used, two features areresidual stresses caused by the different thermal
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than in S30, Fig. 8. These ligaments are formed by
SisN4 grains and MoSiparticles. The Mogiligaments,
moreover, appear as plastically deformed zones. The
presence of intact ligaments behind the crack tip may
be an indication of toughening mechanisms like crack
bridging or crack pinning.

4) Flexural strength

In Fig. 9, the flexural strength is plotted as a function
of the test temperature and Mg8ontent. Good values
were measured, especially in the case of sample S40
expansion coefficients of matrix and patrticles. with a room temperature strength of 1130 MPa, this

A typical indentation crack path in the S30 and S40 value being slightly better than those of the starting
materials is shown in Fig. 8 a and b, respectively. In matrix, while S30 was weaker.
S30, the crack path is tortuous with the fracture mainly The fracture origin was investigated on fracture
located at the interface between thegNgimatrix and surfaces. One example of the flaws that could have
the MoSj particle. The ratio of transphase/interphase acted as critical defects is shown in Fig. 10. EDS
fracture of the crack, calculated as the ratio betweenanalysis revealed that these defects are mainly Al
the portion of crack path cutting through the MoSi silicates or Al-Y silicates. In the case of sample S40
phase and the portions of the crack path along thethe critical flaws are supposed to be much smaller as
MoSi-SisN4 phase boundaries, ranges from 0.1 to 0.6. their presence on the fracture surface is more difficult
An interesting finding of this investigation, which to ascertain. However, some small defects containing
deserves a deeper insight, is that the crack seems to bsilica were detected on the fracture surface. Molyb-
attracted by the particle/matrix interface while it should denum disilicide does not seem to play any role in such
be repelled by virtue of the elastic moduli and thermal defects, indicating good homogeneity in the dispersion
expansion coefficients combination between the MoSi of the second phase.
particle and the g\, matrix [27, 28]. In S40, the crack An estimation of the critical flaw size can be comput-
path is less tortuous than in S30 and the fracture ised according to:
mainly through the MoSiparticles. In this composite, 1K

. . Ic

the ratio of transphase/interphase fracture ranges bet- o==—= @
ween 1.5 and 2. It is likely that when the interparticle YJe
distance is below a critical value it becomes advantage-wherec is the flexural strengthy a constant equal to
ous for the crack, due to energy considerations, to passl.29 for a small penny-shape surface flaw [2Q],the
through the reinforcing phase instead of going around fracture toughness armithe flaw radius. The values of

Fig. 8. Examples of crack path in (a) S30 and (b) S40.

it. Since the MoSiparticles are less tough than thgNgi c for the composites, according to eq. (1), are 24 um
phase, this causes an overall toughness decrement [8]. and 13 pm, respectively for the composites S30 and
In contrast to what was reported by Petrovétlal. S40 which agrees well with microstructural obser-

[8], intact ligaments left behind the crack tip were vations (Fig. 10).
observed in both composites, more evidently in S40 Comparing the strength values of the composites
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Fig. 9. Flexural strength as a function of test temperaturer Erro Fig. 10. Example of critical flaw on S30 fracture surface (RT
bars are +1 standard deviation. strength test).
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Fig. 12. Experimental values of thermal expansion coefficients
compared with theoretical bounds.

oxide was rather low, as it flowed and concentrated in
Fig. 11.(a) Critical flaw in S30, strength test at 1000°C. A viscous Some parts of the test bar or even inside the surface
glass flowed into the flaw. (b) Oxidation layer on S40 fracture defects (Fig. 11a). Further, the fracture surfaces were
surface after strength test at 1300°C. covered by a very thin glassy layer (Fig. 11b), as, dur-
ing crack propagation, new surfaces were created and

with the reference @, it was concluded that the exposed to the oxidizing environment.
slight improvement of strength in S40 can be attributed
to the decrease of matrix grain size and the increase ofLinear thermal expansion behaviour
toughness. In S30, a similar behaviour was expected, The experimental values obtained (6.50 and 6.86-10
but a lack of proper control of the glassy phase dis- K™ for S30 and S40, respectively) are shown in Fig.12
tribution led to the formation of critical defects whose as a function of the MoSicontent. This data is com-
effect might have overcome the beneficial effects of pared to the theoretical limits [31] calculated with the
toughness improvement and fine matrix microstructure. following parameters: g\, Young modulus=311 GPa,

At 1000°C, the flexural strength decreases both for SisN, Poisson ratio=0.28 [23], MoS¥oung modulus=
the matrix and the composites. The material S40, which440 GPa [1], MoSi Poisson ratio=0.15 [1], $hi,4
remains stronger than the matrix, has a remarkablethermal expansion coefficient=3.51-40K™, MoSk
value of about 900 MPa. The strength decrease is lowerthermal expansion coefficient=9-$ ™.
for the composites (about 20%) than for the matrix The values obtained from this calculation are 5.54-
(about 40%). At this temperature, the load-displacement10® K™ and 5.56-16 K™ as lower and upper value for
curves of the composites show some non-linearity, asS30, 6.05-16 K™ and 6.07-16 K™ for S40.
previously observed [8, 30At 1300°C, a pronounced The deviation from the theoretical models is not
decrease is observed for the composites (250-260 MPaunderstood at this moment.
corresponding to a decrease of 70-80% compared to If the contribution of glassy phase is considered, the
the initial value), while the monolithic $8i, strength is agreement between experiment and theory does not
as high as 571 MPa (strength decrease 45%). Themprove as thermal expansion coefficients of glasses
dominant deformation mechanism ins at high are very low (in the case of glasses in the systerngSiO
temperature is grain boundary softening which promotes Al,QO, it ranges from 1.45-2.27-F0K™ [32]).
subcritical crack growth and then a strength decrease.
In the composites, the grain boundary softening of the Electrical resistivity
matrix is accompanied also by the plastic deformation Both composites are good conductors with resistivi-
of the MoS} particles [8] which reduces the flexural ties of the order I8 Q-cm, as a result of interconnec-
strength even more. tivity of MoSi, inclusions. In the work of Kao [9] an

An additional feature of high temperature strength SisN, composite containing 30 vol % of M@Sixhibit-
tests, is oxidation, due to exposure to the air. A thin ed a resistivity two orders of magnitude higher than
layer of glassy silicates containing a concentration of sample S30. This difference is related to the mean
additive cations and other impurities formed on the bar dimensions of the conductive particles that in the
surfaces, with a thickness ranging from few micro- present case are at least one order of magnitude smaller
metres to about 2Am. The morphology of this layer than in the work mentioned. The experimental values
indicated that above 1000°C the viscosity of this surface confirmed that 30 vol % of Mogiis well over the
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percolation limit for conductivity.
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including fracture toughness and mechanical strength.
Both these properties were discussed in terms of the
microstructural features of the composites and the
agreement of the properties with different models were
assessed. In addition, the composite samples were good
conductors with resistivities of the orderA@-cm.
Electrical conductivity resulted from the contact of
MoSi, inclusions, whose volume fraction is over the
percolation limit for both the composites produced.

High temperature properties were affected by the
type and amount of grain boundary phases, therefore
the residual silica in the initial MoSpowder has a
negative influence on strength above 1000°C.

Aknowledgements

The Authors wish to thank their co-workers Gualtiero
Fabbri for electrical resistance measurements, Cesare
Melandri for mechanical tests, Daniele dalle Fabbriche
for technical assistance, Elena Landi for the useful

The data obtained were compared to the theoreticaldiscussion on thermal expansion behaviour.

models proposed in the literature for the electrical
resistivity of composite systems. As the materials of

References

the present study are near to the insulator-conductor

transition, the percolation theory applies [33].
The experimental data were fitted according to the
equation proposed by McLachlat al. [33]:

f(Om ~Ocomy) , (11 )(Op"~Ocom) _

1h 11 11 1h

+ 0
Om +Aocomp O-p +A0comp

(@)

where f is the volume fraction of the conductive
particles,0om, Is the conductivity of the composke,
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a 3-D spherical particle arrangement [38)), o, are
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Conclusions

Composites of $N,MoSi, containing different
amounts (30 and 40 vol %) of M@Swith alumina and

yttria as sintering aids were produced by hot-pressing
and their microstructure and properties were studied 14

and compared to those of the;N§i constituting the
matrix.
The presence of Mogiinhibited the SN, grain

growth, the development of elongated grains and the

o - 3-SisN4 phase transition without retarding densifi-
cation. As a result, an ultrafine matrix was obtained
with a mean grain size of about Q.

The combination of the fine microstructure of the
matrix SkN4 with the presence of the MgSparticles

was beneficial for almost all the mechanical properties,
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