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The development of strong, tough, and damage-tolerant ceramics requires nano/microstructure design to utilize
toughening mechanisms operating at different length scales. This strategy calls for testing to characterize R—curve behavior
at different length scales. Here, we developed a micro—mechanical test method using micro—cantilever beam specimens, and
applied it to determine the early part of R-curve of nanocrystalline stishovite that exhibits fracture—induced amorphization.
Stishovite is a high—pressure phase of silicon dioxide, and has the highest hardness (30 GPa) of any stable/metastable oxide
under ambient temperatures. Recently, Nishiyama found that a nanocrystalline stishovite with the grain size of around 100

/2 by indentation fracture method (IF method). The metastable stishovite

nm had a fracture toughness of 13 MPam
transforms to amorphous by fracture. In analogy to the transformation toughening of zirconia, the fracture—induced
amorphization can be a toughening mechanism of stishovite. The fracture resistance measurement by using
micro—cantilever beam specimens revealed very steep rising R—curve of stishovite whose narrow transformation zone of a
few tens of nanometers is very effective to increase the fracture resistance by a few micrometer crack extension. Steep
initial slopes are desirable for R—curves because materials that achieve high toughness at small crack length also achieve
high strength. The fracture strength of stishovite evaluated by micro—cantilever testing was 6.3 GPa, and it indicates that
the critical stress for amorphization of stishovite is much higher than that value. We also discussed the effect of

microstructure of stishovite samples upon toughness and strength, and suggested that the mechanical properties of

nanocrystalline stishovite would be further improved by optimizing the microstructure.
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