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ABSTRACT

4572008063:  POLYMER SCIENCE
Kittikhun Pakdeewanishsukho : Synthesis of Lead Zirconate
Titanate (PZT) via the Sol-Gel Process of Titanium / Zirconium /
Lead Glycolate and Lead acetate Trihydrate.
Thesis Advisors: Assoc. Prof. Sujitra Wongkasemjit, Assoc. Prof,
Anuvat Sirivat and Prof. Alexander M. Jamieson.

Keywords: Lead Zirconate Titanate, Lead Glycolate, Lead acetate Tirhydrate,
Zircnium Glycolate, Titanium Glycolate, Microwave Technigue
and Sol-Gel Process.

Lead Zirconate Titanate (PZT) powder was prepared from metal glycolate
of Pb, Zr and Ti having the composition of the morphotropic phase boundary (Zr:Ti
= 52:48) via either sol-gel processing or microwave technique, using a mixture of 25
M of nitric acid (#nos) and 25 M of sodium hydroxide (vaor) as solvent to obtain
pH = 3. The best condition to obtain PZT gel for the conventional heating was at
50°c for 5-6 h. XRD patterns show perovskite content of PZT after calcination of
PZT precursor in a range of 600°-1100°c for 15 h, and pure perovskite PZT when
calcined higher than 800°c. For microwave heating, pure perovskite PZT was
resulted when heating the mixture of lead/zirconium/titanium glycolate at 150 °c for
5-25 h followed by calcination at 700°-1300°C. XRD patterns show higher intensity,
higher crystallinity and higher pervskite phase formation than the conventional
heating. Interestingly, the structure of PZT from both conventional and microwave
heating was the tetragonal perovkite structure, if the commercial lead acetate
trihydrate was used to replace lead glycolate, the structure of synthesized PZT was
the rhombohedral perovskite structure.



(Synthesis of Lead Zirconate Titanate (PZT) via the Sol-Gel Process of Titanium/
Zirconium/ Lead Glycolate and Lead Acetate Trihydrate)

o 60
ISBN 974-9651-54-5

52 48

50° 56
600-1100°c XRD
800 OC

1100°C

10 800-1300°C

XRD



ACKNOWLEDGEMENTS

This thesis work is partially funded by Postgraduate Education and Research
Programs in Petroleum and Petrochemical Technology (PPT Consortium).

This work would not have been possible without the assistance of the
following individuals.

First of all, the author is deeply indebted to Prof. Alexander M. Jamieson,
Assoc. Prof. Anuvat Sirivat and Assoc. Prof. Sujitra Wongkasemjit thesis advisors, for
providing useful recommendations, creative comments, and encouragement throughout
the course of his work.

The author would like to thank Prof. Somchai Osuwan and Dr. Sirirat
Jitkanka for kind advice and for being on the thesis committee.

Special thanks go to all of the Petroleum and Petrochemical College’s staff
who helped with typing various reports,

Finally, the author would like to take this opportunity to thank PPC Ph.D.

dents and all her PPC friends for their friendly assistance, cheerfulness, creative

suggestions, and encouragement. The author had the most enjoyable time working

with all of them. Also, the author is greatly indebted to my parents and my family for
their support, love and understanding.



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

CHAPTER

INTRODUCTION
11 Background
1.2 Sol-Gel Process
13 Objective

LITERATURE SURVEY

EXPERIMENTAL

31 Materials

3.2 Experimental Instruments
3.3 Precursor Preparation

3.3.1 Titanium Glycolate or Glycotitanate
3.3.2 Zirconium Glycolate or Sodium Tris(glycozirconate)

3.3.3 Lead Glycolate

34 Lead Zirconate Titanate (PZT, Pb(Zro.s2Ti 0.48)03)

Preparation

PAGE

viii

page

= O

10
10
10
10
10
il



CHAPTER

3.4.1 Preparation of PZT via the Sol-Gel Process
3.4.2 Preparation of PZT via the Sol-Gel Process with
Microwave Technique

IV RESULTS AND DISCUSSION

4.1
4.2
4.3
4.4
4.5
4.6
4.7

4.8

4.9

Characterization of Titanium Glycolate Precursor
Characterization of Zirconium Glycolate Precursor
Characterization of Lead Glycolate Precursor
Optimal Condition of the PZT Gel Formation
Characterization of PZT Gel Formation as a Function
of Time during the Sol-Gel Process
Characterization of Uncalcined PZT Powder from
the Sol-Gel Process

Charaterization of Calcined PZT Powder Obtained
by Sol-Gel Process26

Characterization of Uncalcined PZT via the Sol-Gel
Process and Microwave Technique
Characterization of Calcined PZT via the Sol-Gel
Process and Microwave Technique

4.10 Characterization of Calcined PZT via the Sol-Gel Process

using Lead Acetate in place Lead Glycolate precorsor

V' CONCLUSIONS

REFERENCES

APPENDICES

CURRICULUM VITAE

vil

PAGE
12
13
15
15
16
17
19

22

23

30

33

41

44

45

43

61



TABLE

3.1
41
4.2
43
4.4
4.5
4.6

4.7
4.7

4.8

4.9

4.10

4.11
4.12

4.14

vin

LIST OF TABLES

PAGE

Variation of nitric acid and sodium hydroxide solution ratio 13
Variation of pH, concentration and temperature for thegel formation 20
Variation of volume ratio 0f 2.5 M nitric acid / 2.5 M sodium

hydroxide and temperature at pH 3 for the gel formation 21
M-O-C vibrations of uncalcined PZT 24
M -0 vibrations of calcined PZT 27
Surface area of calcined PZT hy the sol-gel process 28
Relative intensity of XRD peaks of calcined PZT hy the

sol-gel process 28
Composition of calcined PZT by the sol-gel process 30
Surface area of calcined PZT at 900 °C for 15 h via the

sol-gel process for various times in microwave 35
Relative intensity and % perovskite content of PZT heated

by microwave followed by calcined at 900 C for 1.5 h 37

dhkiPZT (0.52:0.48) via the sol-gel process and microwave

technique at 150 °C for 25 h, calcined at 900 °C for 1.5 h

comparision hetween tetragonal and rhombohedral structure 38
Relative intensity and % perovskite content of PZT heated

by microwave at 150°C for 10n followed by calcination

at various temperatures 40
Composition of PZT via the sol-gel process and microwave
technique at 150 ¢ for 10 h , various calcination temperature 40
Composition of PZT via the sol-gel process and microwave
technique at 150 ¢ for 10 h, various calcination temperatures 41

dhkiofPZT (0.52:0.48) obtained via the sol-gel process, using
lead acetate trihydrate precursor and calcined at 900 °Cfor 15 43



LIST OF FIGURES

FIGURE PAGE
11 The PZT cubic perovskite structure 1
1.2 The phase diagram of PZT 2
41 TGAIDTG of Ti precursor 15
4.2 Infra-red spectrum of Tiprecursor 16
4.3 TGAIDTG of Zr precursor 17
4.4 Infra-red spectrum of Zr precursor 17
45 TGA/DTG of Pb precursor 18
4.6 Infra-red spectra of lead glycolate and lead acetate trihydate 19
4.7 FTIR spectra of the PZT gel obtained at (a) 10-30 min, (b) 1-2 h,

(c) 3-4 h, (d) 5-6 hand (e) 8-10 h gel time 23
4.8 FTIR ofuncalcined PZT by the sol-gel Process 24
49. TGAIDTG ofuncalcined PZT by the sol-gel process 25
4,10 SEM ofuncalcined PZT by the sol-gel process 26
411 FTIR ofthe PZT powder calcined at 800 °C forl,5 h 26
4.12 SEM morphology of calcined PZT by the sol-gelprocess 27
4.13 XRD pattern of PZT calcined for 1.5 h at (a) 600°, (b) 700°, (c) 800°,

(d) 900° and 1100°c 29
4.14 FTIR spectrum of uncalcined PZT by the sol-gel process

and microwave technique 3l
4.15 TGA/DTG ofuncalcined PZT by the sol-gel process

and microwave technique 32
4.16 SEM micrograph of uncalcined PZT powder after

heated with microwave 33
4.17 FTIR spectrum of calcined PZT via the sol-gel process and

microwave technique 33
4.18 SEMmicrograph of calcined PZT powder at 900 °C for 1.5 h

by the sol-gel process and microwave technique 34



FIGURE PAGE
4.19 XRD pattern of heating PZT by microwave for (a) 5, (b) 10, (c) 15,
(d) 20 and (e) 25 h followed by calcinations at 900°C for 1.5 h 36
4.20 XRD pattern of PZT via the sol-gel process and microwave
technique for 10 h and calcined at 700-1300 °C Y

421 XRD pattern of PZT obtained via the sol-gel process, using
lead acetate trihydrate precursor and calcined at 800-900°C 42



	Cover (English) 

	Accepted 

	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



