
SYNTHESIS AND CHARACTERIZATION OF MIXED 

NORMAL AND RELAXOR FERROELECTRIC 

MATERIALS 
 

 

 

 

 

NARATIP VITTAYAKORN 

 

 

 

 

 

A THESIS SUBMITTED TO THE GRADUATE SCHOOL IN  

PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF  

DOCTOR OF PHILOSOPHY 

IN MATERIALS SCIENCE 

 

 
 

 

 

GRADUATE SCHOOL 

CHIANG MAI UNIVERSITY 

MARCH 2005 

ISBN 974-9810-90-2 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 
 
 
 

ii 

 

 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 
iii 

 

 

ACKNOWLDGEMENTS 
 

 
I would like to express my sincere gratitude to Dr. Gobwute Rujijanagul for 

his continued support and valuable advice during my graduate program. I would 

acknowledge my committee members, Dr. Tawee Tunkasiri for many insightful 

suggestions. Also I acknowledge sincerely Dr. Jerapong Tontrakoon for being my 

committee member, providing valuable information and suggestions on this project. 

It was a turning point in my life to work with Dr. David Cann at Iowa State 

University. I would like to extend my deepest appreciation and thanks to him for his 

guidance, teaching, encouragement, patience and valuable advice. The invaluable 

lessons that I learned from him are not only in the academics but also in a real life. I 

also owe special thanks to Dr. Xiaoli Tan for his insightful advice, time and patience 

in teaching me the principles of detailed technical advice and a lot of support in the 

program.  

I would also like to acknowledge the office and technical staff at the MARL 

and Electroceramics group in the MSE department at Iowa state University without 

whom none of this would have been possible. I also would like to acknowledge the 

Thailand Research Fund (TRF), Graduate School at Chiang Mai, Faculty of Science 

Chiang Mai University and University and Ministry of University Affairs in Thailand 

for their financial support. 

Thanks to my group members and my friends at Iowa state Seymen Augun, 

Bruce Gall , Nathan Ashmore, Chien Chih huang, Seunghwa Kwon, Melbure 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 
iv 

 

 

Lemieux and many others who I have worked hard and played hard with over the one 

and a half years. I also would like to thank Miss Wanwilai Chaisan for her assistance 

and art works in the manuscript of the paper in Journal of Applied Physics. I also 

want to thank He Hui and Meagen Marguardt for his help with Transmission Electron 

Microscope and for her help with Raman spectra collection. 

I want to thank my senior alumni and friends at Chiang Mai University, Drs. 

Samart Kongtaweelert, Aurawan Udomporn, Wandee Onreabroy, Mr. Teerachai 

Bongkarn, Miss Rungnapa Tipakontitikul, Mrs Chumpulnuch Poochmak, Miss 

Netima Sawangwan, Miss Wandee Thamjaree, Miss Anocha Munpakdee,  and Miss 

Wanwilai Chaisan  and their families for all the immeasurable help and 

encouragement during on and off-campus life. 

Finally, I wish to thank my parents, Nipon Vittayakorn and Soisuda 

Vittayakorn, for making many sacrifices for my long term education since I entered 

elementary school. I owe everything I have and everything I have become to my 

family whose love and support cannot be overstated. 

 

      NARATIP VITTAYAKORN  

 ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d


