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Porous 95/5 lead zirconate titanate (PZT), a ferroelectric material used in power supply applications,
has a complex microstructure containing the following features (Figure 1): PZT grains, ferroelectric
domains within the PZT grains, “intrinsic” (sintering) porosity, second phase particles such as
zirconia (ZrQ,), “extrinsic” porosity, and other defects. To produce extrinsic pores, polymer spheres
(PMMA or polystyrene) are added to the green body and burned out during sintering to reduce the
density. The amount and morphology of pores and other constituents have important effects on
mechanical and electrical properties. In this study, quantitative image analysis (QIA) techniques
were used to characterize the structure of PZT materials. The parameters analyzed included PZT
grain size, volume percent of intrinsic and extrinsic porosity,and pore size distribution. The QIA
results show good agreement with independent density and particle size measurements. Effects of
processing on microstructure were investigated with QIA and possible effects are discussed.

Figure 2 shows grain size histograms from five PZT samples final sintered at 135(0°C. The
differences in grain size between samples A-C and samples D and E were found to be statistically
significant. Further analysis showed that larger grain size in samples D and E corresponds to higher
lead content. Figure 3 displays results for measurements of porosity content. PMMA poreformer
was added at two different loading levels of 0.9 wt.% and 1.38 wt.%, corresponding to theoretical
volume percent levels of ~5.8% and ~8.8%, respectively. QIA was successful at differentiating
between these two extrinsic porosity levels. When polystyrene is added (with lower density than
PMMA) on a wt. % basis, QIA is able to distinguish the corresponding higher volume percent.
Density can be estimated based on the combined amounts of intrinsic and extrinsic porosity and
fairly good agreement was found between density values calculated from QIA data and results
obtained by bulk density measurements.

Figure 4 exhibits extrinsic pore size distributions obtained by QIA for PZT with five different pore-
former classes. Since the pores are spherical, the SchwartzSaltykov correction was performed to
correct the raw data for 2-D sectioning effects [1-4]. Comparisons to independent particle size
analysis of the starting PMMA powders indicate pore shrinkage during sintering. Current work is
underway to determine if the amount of pore shrinkage is consistent with theoretical predictions. The
QIA results of this study, considering the inhomogeneity of the microstructure andthe limited
sampling of polished cross-sections, show the usefulness of this technique for understanding
processing-microstructure relationships in complex PZT materials.
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FIG. 1a. Etched microstructure of PZT with extrinsic pores (original magnification 100x).
FIG. 1b. Higher magnification image of grain structure and intrinsic porosity. Sample was more
deeply etched to show domain structure within the grains (original magnification 1000 times).
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FIG. 2. Grain size histograms for PZT samples sintered at 1350°C.
FIG. 3. Volume percent of extrinsic porosity in PZT with different processing conditions.
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FIG. 4. Pore size distributions obtained by QIA and original poreformer particle distributions
obtained by laser diffraction particle size analyzer.
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