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EL-13 Effect of compressive and tensile stress on cavity formaticn in silicou nitride
with 4 wt % ytiria

B A Karunaratne, B S B Karunaratne
Dept of Physics, University of Peradeniya

Silicon nitride has advantages of high strength, wear resistance, high decomposition temperature,
oxidation resistance and resistance to corrosive eavironments. All these attractive properties make
it an ideal engineering material for high temperature structural applications. However, the major
liritation to the use of silicon nitrde at high temperature is the tendency of these materials to creep
and to fail by creep rupture. One of the main reasons for creep damage of silicon nitrides at
elevated temperatures s the formation of cavities in the matenal.
High temperature deformation of Hot [sostatically Pressed silicon nutrnide with 4 wt% yttria has been
studied Creep tests were camied out in four-point bending mode in the temperature range 1200 -
1450°C. To characterize the materials, Scanning Electron Microscopy, Transmission Electron
" Microscopy and X-ray Diffractometry studies were performed on the as-received as well as the
deformed samples.

The typical microstructure of the matenal consists of a major crystalline phase (« and f silicon
nitride), secondary crystalline phase (yttrium silicate) and a thun intergranular amorphous phase.
Different types of cavities were observed in the deformed matenals. The lens-shaped, interfacial
cavities were mamly observed in the tensile side of the test bars. It is likely that these cavities were
nucleafed nutially m the amorphous phase between closely spaced silicon nitride grains. It was also
observed that these cavities were orieated primarily normal to the applied tensile stress and then
grow mto adjacmtsilioon nitride grains. [n contrast, multi-grain junction cavities were observed
in the compressive side of the test bars No cavities were observed in betwzen SiN cYSi0,
interfaces.

The study shows that the shear stresses acting on the grains under compressive stress promote the
formation and developmmt of these multi-gram pmction cavitics whereas the teasile stresses acting
perpendnularto the gran boundanes promote the formation of lens shaped cavities. Absence of
cavities in between Si,N,-¥ Si0, nterfaces is probably due to the softening of phase at high
temperature.
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