_. Felix Lee, lan McKinley, Thomas Chin, Sam Goljahi, Christopher S. Lynch, and Laurent Pilon
UCLA e University of California, Los Angeles — Mechanical and Aerospace Engineering Department

ENGINEERING AND APPLIED SCIENCE
Birthplace of the Internet

Abstract: Waste heat can be directly converted into electrical energy by performing the Olsen cycle on ferroelectric relaxor lanthanum doped lead zirconate titanate (PLZT). The Olsen cycle consists of two I1sothermal and
two Isoelectric field processes in the electric displacement versus electric field diagram. A maximum energy density of 888 J/L per cycle was generated with a 290 um thick 8/65/35 PLZT ceramic for temperatures between
25 and 160°C and electric fields cycled between 0.2 and 7.5 MV/m. A maximum power density of 55 W/L was obtained with a 250 pum thick 9.5/65/35 PLZT sample for operating temperatures between 3 and 140 °C and the
electric field cycled between 0.2 and 6.0 MV/m. To the best of our knowledge, these are the largest pyroelectric energy and power densities experimentally measured with multiple cycles. The electrical breakdown strength
and therefore the energy and power densities of the material increased as the sample thickness was reduced. Furthermore, the electrode material was found to have no significant effect on the energy and power densities for
samples subject to the same operating conditions. However, samples with electrode material possessing thermal expansion coefficients similar to that of PLZT were capable of withstanding larger temperature swings. Finally,
a physical model for estimating the energy harvested by ferroelectric relaxors was further validated against experimental data for a wide range of electric fields and temperatures.
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» Olsen cycles bounded by D-E loops indicated no positive thermal expansion.
» For T, < 130°C, process 1-2 of the Olsen cycle did not span D-E loops.
» Possibly attributed to field-induced phase transition or mixed phases.
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