USING LATTICE PARAMETERS AND LINE BROADENING TO MONITOR NEAR-SURFACE STRAIN IN DESIGNING SINTERED CERAMIC MATERIALS – A FORMIDABLE CHALLENGE
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The authors and their colleagues use a combination of diffraction methods to monitor the development of near-surface strain in optimising the processing conditions for sintering ceramic materials. X-ray diffraction (with tube-generated and synchrotron radiation) and neutron diffraction data are measured to contrast the near-surface strain with that in the bulk. Linear strain is assessed using lattice parameters extracted from Bragg-Brentano x-ray data and neutron Debye-Scherrer type data, plus (-tilt procedures; and non-linear strain is derived from line broadening estimates. These paper addresses the requirements for obtaining linear and non-linear strain information of acceptable quality. The measurement of lattice parameters of sufficient accuracy is especially difficult.

The paper considers the metrology requirements using x-ray and neutron diffraction data for suites of MgO and TiO2 ceramics sintered for a range of processing temperatures and dwell times. The data have been analysed by Rietveld and non-Rietveld procedures to extract linear strain and non-linear strain estimates. The paper concludes that lattice parameters of acceptable accuracy are exceedingly difficult to achieve for Bragg-Brentano X-ray data using Rietveld analysis, but may be achieved carefully applying traditional methods for high-accuracy lattice parameter estimation. Estimating quality lattice parameters from synchrotron radiation data and neutron data requires an accurate value for wavelength which is difficult achieve. Near-surface non-linear strain is readily achieved with synchrotron data, but is very challenging for neutron data where the instrumental widths are high. The paper will conclude by proposing recommendations for characterising near-surface strain.
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