


SUMMARY& CONCLUSIONS

Barium titanate BaTiO3; (BT) and lead titanate PbTiO3; (PT) are
ferroelectric ceramic materials with perovskite structure (ABOs).
Barium titanate and lead titanate are very important for several
industrial and academic points of view because of high
permittivity, high dielectric constant, low dielectric loss, high
breakdown voltage and excellent volumetric efficiency of the
capacitance. These materials are mainly applied in multilayer
ceramic capacitors (MLCCs), sensor and actuators, PTC
thermistors, piezoelectric devices, IR detectors, dynamic random
access memories (DRAM), capacitance in printed circuit boards

(PCB) and non-volatile memories.

BT & PT have been successfully prepared using solid state and
wet chemical methods. Powders with high homogeneity, uniform
shape and narrow size distribution can be obtained using wet
chemical methods which including sol-gel, co-precipitation,
microemulsion, hydrothermal synthesis and organic acid precursors
methods. Organic acid precursors method is the most intensely
examined route for generation BaTiO; from complex precursor.
The advantages of organic acid precursor process are the low cost
starting materials, fine microstructure, high performance,
homogeneity, narrow particle size distribution and friendly
environment. Hydrothermal method gives nanosized powders,

chemical homogeneity of produced powders, high purity, reduction

176

SUMMARY & CONCLUSIONS



SUMMARY& CONCLUSIONS

of high temperature calcination stage and synthesis of lead titanate

was in closed system that consider environmentally process.

The present study deals with synthesis of barium titanate and
lead titanate nanopowders using organic acid precursor and
hydrothermal methods using low cost starting materials. The
factors affecting on the synthesis of powders were- s}istematically
studies and the optimum conditions were determined.

The present thesis comprises three chapters.

Chapter 1

The chapter involved introduction and literature survey on
synthesis of*barium titanate and lead titanate nanopowders by
different synthesis methods. Moreover, the properties,

characterization and applications of BT and PT were discussed.

Chapter 11

The chapter contained the procedure for synthesis of barium
titanate and lead titanate by organic acid préiilrsor and
hydrothermal methods. Moreover, the matéﬁalf " reagents,
equipment and instrumentations used for synthesis and

characterization were also involved.
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Chapter 111

In this chapter, the results and discussion for preparation,

properties and characterization of barium titanate and lead titanate

nanopowders by organic acid precursor method and hydrothermal

methods were discussed in details. The results obtained from these

studies were summarized in the following:-.

1-

Preparation of Barium Titanate

A.Organic Acid Precursor Method

XRD patterns showed that tetragonal barium titanate BT phase
is formed in presence of oxalic, tartaric and citric acid whereas

the pure phase is absent for benzoic and acetic acids.

BT single phase nanopowders was formed using oxalic acid as
a precursor by statistical design experimental at low oxalic acid
mole ratio 0.5, low calcination temperature 800 'C and low
calcination time 2.25 h. Moreover single phase of BT foﬁned
with an increase calcination time and temperature at oxalic acid
mole ratio 1, 1.5. The average crystallite size of single-phase

BT is 68.4 nm

Addition of Zr** ions at calcination temperature 1000 C,
calcination time 2h and oxalic acid mole ratio 0.5 showed that
addition of different Zr*" mole ratio led to formation of BaTiO;
and cubic barium zirconate BaZrOs phases. Increasing the Zr*

mole ratio decreased of barium titanate phase and increasing

178



1-

SUMMARY & CONCLUSIONS

the percentage barium zirconate phase. The dielectric constant

was decreased by increasing Zr** ions.

Barium titanate nanopowders (66-75.4 nm) using citric and
tartaric acids as a source of carboxylic acid at mole ratio 1.2,
calcination time2 h and calcination temperature using tartaric

and citric - were 900 and 1000 °C, respectively
B- Hydrothermal Method

The XRD patterns showed that tetragonal BT phase was formed
via hydrethermal method using statistical design experimental
(Box-Behnken design). The factors affect on synthesis of BT
were hydrothermal temperature, hydrothermal time and pH.

Well crystalline BT nanopowders were formed at hydrothermal
time 12h, pH 13.5 and hydrothermal temperature 180°C.
Moreover, BT single phase was achieved at hydrothermal time

up to 24 h, hydrothermal temperature 165 °C and pH 13.

3- The crystallite sizes of produced barium titanate were 85 nm.
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i’reparation of Lead Titanate

A-Organic Acid Precursor Method

1- XRD patterns showed that tetragonal lead titanate PT phase
was formed using organic acid precursor method. The factors
affecting on synthesis in presence of (oxalic, citric and tartaric)
acids were acid mole ratio, calcination temperature and time were

prepared

2- PT nanopowders (31nm) using oxalic acid as precursor at

calcination temperature 600°C and calcination time 1.5 h.

3- Lead titanate nanopowders (11-12nm) were prepared using
citric and tartaric acids at calcination temperature 600 C and

calcination time 2 h.

4- Addition of Zr** ion using oxalic acid as a source of organic
acid at calcination temperature 600 'C, calcination time 1.5 h was
decreased the percentage of lead titanate phase and increasing the
formation of lead zirconate phase. The dielectric constant was

increased with increasing the Zr*" ions content.
B- Hydrothermal Method

1- The XRD patterns showed that tetragonal PT phase was formed
using hydrothermal method. The factors affect on synthesis of BT

were hydrothermal temperature, hydrothermal time and pH.
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2- The optimum conditions for preparation of PT nanopowders
were pH 13, hydrothermal time 30h and hydrothermal temperature
200 C.

3- The microstructure of PT is strongly dependent on the synthesis

conditions.

4-The dielectric constant was 2153 KHz whicﬁ‘ decreased

compared with organic acid precursor method

In conclusion, barium titanate and lead titanate nanopowders have
been successfully synthesized by organic acids precursor and
hydrothermal methods using low cost starting materials. Moreover,
synthesis of>high expensive materials, prices of 1 kg of barium
titanate 112$ and lead titanate to 200$ can be attained using
commercial routes (hydrothermal and organic acid precursor
method). The obtained materials have high dielectric constant and
they applied in several fields, namely, industries, medicine,

aerospace and military applications.
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