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Preamble

Ferroelectrics form an important class of materials and are employed for a variety of
applications. These materials have ability to convert thermal energy into electrical signals
which is known as pyroelectric effect. Pyroelectric materials are the one of the most important
class of electronic materials after semiconductors and are slowly gaining momentum in
various novel applications. This has allowed them to break free of the traditional applications
of sensors to novel technologies like thermal energy harvesting. It is an established fact the
pyroelectric behaviour is a function of the domain response/switching behaviour when
subjected to thermal gradient. The present study is based on waste heat energy harvesting
using pyroelectrics (PbZryTi(1-xO3 (PZT-5H)) and other lead-free ceramics. In order to harvest
optimum energy from pyroelectric materials, different electrical circuits (parallel and series
SSHI (synchronized switch harvesting on inductor)) have been used. They provide nonlinear
processing of pyroelectric voltage which leads to synchronization between temperature
gradient and charge extraction.

The results obtained in the present investigations have been compiled in the four chapters as
follows:

Chapter 1 summarizes the introduction of thermal energy harvesting and method which has
already explored in the field of thermal energy harvesting. Pyroelectric effect and ferroelectric

materials are also described the later part of chapter.

Chapter 2 discussed the objectives of the thesis and argued some of the important litrature on

pyroelectric energy harvesting.

Chapter 3 includes the experimental results of energy harvesting using hot/cold oil bath and
radiation heating. PZT was used in this work to harvest thermal energy from radiation as well as
from hot oil. The extracted charges were stored into different values of capacitors and power output

was calculated across the load resistance
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In Chapter 4, the results obtained from energy harvesting from PZT-5H,
Cao.15(S10.5sBao.5)o.ssNb20Os, and  (Bao.gsCao.15)(Zr0.1Tio.s0Fe0.01)O3 ceramics have been
explained and harvested electrical energy was stored in the capacitors. The voltage is also
calculated at different values of frequency and the effects of these frequencies have been
discussed in this chapter. A comparative study has been done on exploring thermal energy
harvesting potential in various class of materials like Bag.9Cao.1TiO3 (BCT), Sro.5Bag.sNb2Os
(SBN), [Bio.48Nao.4032K0.0768]S10.04(T11-xNbox)O3 (BNT-NDb), Bag.ssCao.15Zr0.1Ti0.003 (BCT-
BZT) and Bag g5Sro.15Z10.1Ti0.903 (BST-BZT) pyroelectric ceramics. BCT ceramic has been
explored at different frequency through SSHI circuits and compared to a standard circuit.

The thesis concluded by summarizing the key findings of the investigation and high lighting
the results. This research is expected to greatly benefit the field of integrated Micro-Electro-
Mechanical-Systems (MEMS) and low power electronics devices. The following publications

are largely based on the studies conducted as a part of the research work reported over here.
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