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ABSTRACT
A variable model for random two-phase structures with arbitrary volume fraction is pre-
sented. The model is capable of creating both fractal and non-fractal polydisperse arran-
gements. It is used to analyze experimental data on the microstructure of dense silicon
nitride ceramics investigated by means of scanning electron microscopy and small-angle
neutron scattering.
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INTRODUCTION
High technology ceramics such as silicon nitride offers a series of possible applications
where considerable mechanical load capacity is required under high temperature and
corrosive conditions. A typical example is the ceramic turbocharger operating at tempe-
ratures between 900°C and 1000°G and a speed of more than 105 revolutions per minute.
Petzow (1990), Ziegler (1989) and Aldinger and Booker (1992) reviewed the present state
of production, characterization, properties, applications and new prospects of high tech-
nology ceramics. The microstructure of dense Si3N4 ceramics is essentially a two-phase
arrangement of rod-like Si3N4 particles (about 90 vol%) and a grain boundary phase ran-
ging from intergranular films 1-2nm thick to regions of crystalline oxynitrides of diameter
of about 100nm. The grain boundary phase may consist of, e.g., SiO2, Al-203 and oxides
of rare earth elements. It is well known that the thermo-mechanical properties depend
strongly on microstructural parameters of the material (Ziegler, 1989), for example on the
aspect ratio of the Si3N4 particles, and the atomic short-range order and the geometrical
distribution of the grain boundary phase.

In the present paper we use a variable model for the geometrical distribution of the
grain boundary phase. The model is based on a random set generated by the union of n
subsets, and n -> oo, where each subset is a Boolean germ-grain model. The corresponding
mathematical body has been summarized by Stoyan et al (1987). The model is capable of
creating both fractal and non-fractal polydisperse arrangements. If the model parameters
are chosen to produce a surface fractal, the dimension, df, of the internal surface may be












