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Introduction

This research program was initiated with the objective of obtaining a better understanding
of the flow, and especially the superplastic flow, of representative ceramics. Detailed
experiments were undertaken on the yttria-stabilized tetragonal zirconia (Y -TZP) and on various
composite materials containing Y -TZP and A12O3. In addition, a comprehensive theoretical
interpretation was developed which showed, for the first time, that the superplasticity of ceramic
materials has very significant differences from the conventional superplastic flow in metals.

Achievements in this research urogram

The most significant achievement in this program was the development of a new model
for the flow of superplastic ceramics (Berbon and Langdon, Acta Mater. 47, 2485, 1999). This
model built on several early successes in this DOE program. For example, our early work
showed there were numerous similarities between the superplastic behavior of Y -TZP and
metallic alloys (Ma and Langdon, Acta Metall. Mater. 42,2753, 1994; Ma and Langdon, Metall.
Mater. Trans. A 27A, 873, 1996). On the other hand, we were able to use high-resolution
electron microscopy to demonstrate that, contrary to current thinking at that time, the Y -TZP
ceramic does not contain an amorphous layer at the grain boundaries (Primdahl et al., Acta
Metall. Mater. 43,1211, 1995). We showed, however, that there was some segregation ofyttria
to the boundaries. This result has been confirmed in more recent work by other researchers and
the conclusions are now generally accepted by all workers in the field.



Based on these results, we developed a new model for flow in which we proposed that
flow occurs through Coble diffusion creep controlled by movement of the Zr4+ ions. In addition,
we suggested that, as a consequence of the exceptionally small grain sizes in the Y -TZP ceramics
«1 !.tIn), the creep rates will be reduced through an interface-controlled diffusion creep at very
low stress levels. A full description of this approach is given in our publication and the approach
has been verified in several independent studies published over the last two years. We showed
also that the model is in excellent agreement with the available experimental evidence.

A second theoretical approach was devoted to examining the potential for intragranular
movement occurring in superplastic deformation. Many researchers have proposed that
superplasticity occurs in these materials through conventional grain boundary sliding but we
noted in several papers that sliding will require an additional accommodation mechanism in the
form of some intragranular dislocation slip (Langdon, Mater. Sci. Eng. A283, 266, 2000;
Langdon, Metall. Mater. Trans. A 33A, 249, 2002). We showed by calculation that the stresses
in the Y -TZP samples are too low to initiate intragranular slip and we proposed instead that the
sliding is a consequence of the movement of grains in diffusion creep (Balasubramanian and
Langdon, Scripta Mater. 48, 599, 2003).

An important additional thrust in this research program was the collection and analysis of
experimental data which we obtained by conducting high-temperature tensile tests under
conditions of both constant strain rate and constant stress (creep). These results confirmed the
validity of the theoretical model and they provide additional evidence that superplasticity in
ceramics has important differences by comparison with conventional superplastic metals.

Conclusions

This has been an exceptionally productive program, aided by the continuous support
received over a number of years. This long-tenD support from DOE provided an opportunity to
make a very significant contribution to the current understanding of the superplasticity of
ceramics to the extent that the current theory for superplastic flow is based on the research
conducted on this DOE program.
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