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Abstract

A 20% volume SiC reinforced MoSi, composite has been successfully in-situ prepared by precisely controlling the microwave reaction
sintering process. After sintering, a uniform dispersion of SiC particles was obtained in the MoSi, matrix from the reaction of Mo, Si
and C powders. The sintered product is a composition of MoSi,, Mo, gSi3Co 6 and SiC. The relative density, flexural strength, Vicker’s
hardness and fracture toughness of the composite are 91.5%, 251.29 MPa, 7.86 GPa and 8.17 MPa m'/?, respectively. We found the
heating procedure is critical in the microwave reaction sintering process to obtain dense SiC-MoSi, composites.

© 2012 Elsevier Ltd and Techna Group S.r.1. All rights reserved.
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1. Introduction

MoSi, has attracted great research interests due to its
rather low density (6.28 g/cm®), high melting point, high
electrical conductivity and excellent oxidation resistance at
high temperature [1-4]. However, monolithic MoSi, shows
extreme brittleness and poor impact strength at lower
temperature, and has low strength and creep resistance at
elevated temperature ( > 1200 °C). It has been demonstrated
that compounding with a second phase or alloying with other
elements is a valid method to strengthen and toughen MoSi,.
Some significant improvements have been gained through the
addition of SiC to MoSi, matrix [5-13]. Therefore, SiC-
reinforced MoSi, composites are considered as excellent
candidates for the high temperature applications.

Numerous approaches to introduce SiC phase into
MoSi, have been developed recently. Among them, only
a few studies have been involved in in-situ reactions [7-14],
by which the stable second-phase dispersions could be
generated to remove the undesirable interface between the
second phase and matrix. This interface often results in the
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weakness of the composite for the very different thermal
expansion coefficient of MoSi, and SiC. Especially, when
the surface of particles is not clean, cracks may propagate
from the interface.

Hot pressing is a conventional process to prepare MoSi,
and MoSi,-based materials [15,16], in which powders are
sintered at substantially high temperature for a long time.
Therefore, it would be very meaningful to develop a fast,
clean and energy-efficient technology, to make MoSi,/SiC
composite. Recently, we focused our research interests on
the microwave irradiation, which directly interacts with the
particulates within the pressed compacts and thereby
provides rapid volumetric heating. Besides its high effi-
ciency, the uniform heating of macrowave could also
minimize the problems such as local microstructural
coarsening, as a result yielding better properties.

There are a few examples of microwave reaction sinter-
ing have been reported. In 2002, Peelamedu [17] synthe-
sized NiAlLO4 with good mechanical property by
microwave-assistant reaction sintering which provided
better sintering rate from the non-isothermal environment.
Then Ganesh [18] claimed a nanocrystal MgAl,O4 has
been made by using microwave sintering. In 2003,
Panneerselvam [19] attempted to prepare MoSi,—SiC from
the element reactants Mo, Si and C by the microwave in-situ
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sintering. Unfortunately, it is difficult to get compacted
product. Compared to the normal reaction sintering, micro-
wave reaction sintering is harder to control for its violent
reaction condition resulted from the rapid heating, which is
often a few times faster than that of normal reaction
sintering. Based on this, we think it would be necessary to
apply different heating rates at different sintering stages
during the microwave reaction sintering to obtain desired
products, and this has been proved in our recent research.
Here, we report the example to successfully make compacted
SiC/MoSi, composites from the element reactants, by con-
trolling the microwave sintering precisely.

2. Material and methods

98.5% pure Mo powder with a particle size range
2-5um, 99.4% pure Si powder with an average size of
10 pm and 99.9% pure carbon black with an average size
of 20 um are used as starting raw materials in this study.
They were mixed according to the composition of 0—
20 vol% SiC and 100-80 vol% MoSi,. The mixture was
milled for 3 h in a stainless steel vial of volume 125 ml with
sialon balls (5 mm diameter) under argon. The weight ratio
of the balls to the powders’ mixture was 10:1. The rotation
speed was 300 rpm.

The as-milled powder was sieved and uniaxial pressed at
200 MPa. The pressed green compact was placed in a
MW-L031FHV microwave sintering vacuum oven and
sintered at 1400 °C for 20 min. The as-received samples
were machined into 3 mm x4 mm x 36 mm bars. The
densities were measured by the Archimedes method. The
flexural strength was measured at room temperature using
the three-point bending test with a span length of 30 mm
and a cross-head speed of 0.5 mm/min. The Vickers
hardness (Hy) and fracture toughness (Kjc) were measured
on polished specimens using Vicker’s diamond indenter
under 294 N for 15s. Kjc values were calculated by using
the equation reported by Anstis [20].

3. Results and discussion

XRD pattern of the sintered sample is shown in Fig. 1.
MoSi, (JCPDS:41-0612) is the major phase and SiC
(JCPDS:29-1129) is the second phase of the composite.
Besides those two main phases, trace Moy gSizCog
(JCPDS:43-1199, Nowotny phase) also could be observed.

Fig. 2 shows the fractured surface of monolithic MoSi,
and MoSi,—SiC composite. The monolithic MoSi, was
obtained by the same microwave sintering process from
Mo and Si powders. There are two types of grains in
MoSi,—SiC composite in Fig. 2b. The big grains ranging
2-8 um, which are MoSi,, contact each other and con-
struct the matrix. The small grains ranging 0.2-1 pm,
which are SiC, distributed homogeneously in grain bound-
aries among MoSi, grains. Compared to pure MoSi,, the
size of MoSi, grains and pores decreased a lot.
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Fig. 1. XRD pattern of the MoSi,—SiC composite.

Fig. 2. SEM micrograph of the fractured surface of (a) monolithic MoSi,
and (b) MoSi,—SiC composite.
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The densities, mechanical properties of the as-sintered
samples are listed in Table 1. The theoretical density of
SiC/MoSi, composites were calculated by the additivity
rule of composite materials. The relative density of MoSi,-
SiC composite is 91.5%, which is 13.3% more than that of
monolithic MoSi,. The element C could help to get rid of
Si0,, which formed on the surface of Si particle. In this
way, the diffusion rate of Si during the sintering process
would increase and lead to the increase of the density.
Furthermore, the flexure strength, the Vicker’s hardness
and the fracture toughness of the MoSi,—SiC composite
are 251.29 MPa, 7.86 GPa and 8.17 MPa m'’?, increased
by 131.3%, 69.0% and 125.1% compared to monolithic
MoSi,, respectively.

Table 1
Mechanical properties of sintered samples.

Sample Relative Flexure Vicker’s Fracture
density strength hardness toughness
(%) (MPa) (GPa) (MPa m'?)
MoSi, 78.2 108.64 4.65 3.63
MoSi,-SiC 91.5 251.29 7.86 8.17
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Fig. 3. changes of the temperature and vacuum degree during the
microwave reaction sintering process: (a) normal process and (b) opti-
mized process.

The heating procedure is very important to the densifi-
cation process of the MoSi,—SiC composite. At the begin-
ning, we heated the reactant directly to 1400 °C with a
selected power. (Fig. 3a). The temperature increased
steadily below 1249 °C. Then, the temperature was sud-
denly out of control and jumped to 1400 °C from 1249 °C
in 10 min, and the gas pressure of this microwave oven
increased from 8.8 x 107 Pa tol.8 x 107! Pa as well. It
indicated a violent exothermic reaction between Mo and Si
occurred at this point. The heat generated from the
reaction also promoted the evaporation of the impurities
and resulted in the increasing of the pressure. Further-
more, we found the product had broken up into a few
pieces with lots of cracks. To avoid the violent reaction,
the temperature was then hold at 1230 °C for 20 min by
controlling the heating power carefully. The reaction
between Mo and Si powders proceeded smoothly as we
expected (Fig. 3b). Later on, we heated the sample to
1400 °C for final densification procedure, and the desired
dense MoSi,—SiC composites were finally obtained.

4. Conclusions

A new method to prepare MoSi,—SiC composite by the
microwave reaction sintering from the element reactants
has been developed. During the reaction, it is important to
control the heating procedure precisely to obtain the high
density product. MoSi,—SiC composite also has very good
mechanical properties. The relatetive density, flexural
strength, Vicker’s hardness and fracture toughness of
20% SiC/MoSi, are 91.5%, 251.29 MPa, 7.86 GPa and
8.17 MPa m'”?, respectively.
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