
i 
 

DESIGN AND SIMULATION OF MATERIALS  
IN POLYMER MEMBRANE FOR  

FUEL CELL APPLICATION 
 
 
 
 
 
 

JANCHAI YANA 
 
 
 
 
 
 
 
 

DOCTOR OF PHILOSOPHY 
IN CHEMISTRY 

 
 
 
 
 
 
 
 

THE GRADUATE SCHOOL 
CHIANG MAI UNIVERSITY 

JANUARY 2012 
  



ii 
 

DESIGN AND SIMULATION OF MATERIALS  
IN POLYMER MEMBRANE FOR  

FUEL CELL APPLICATION 
 
 
 
 
 
 
 

JANCHAI YANA 
 
 
 
 
 
 
 
 

A THESIS SUMITTED TO THE GRADUATE SCHOOL IN 
PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 

IN CHEMISTRY 
 
 
 
 
 
 
 

THE GRADUATE SCHOOL 
CHIANG MAI UNIVERSITY 

JANUARY 2012 





iii 
 

ACKNOWLEDGEMENTS 
 

I would like to express my deepest gratitude and sincere appreciation to my 

thesis advisor, Asst. Prof. Dr. Piyarat Nimmanpipug at Chiang Mai University, for her 

moral supports, advices, excellent guidance, valuable suggestions and encouragement 

throughout this study. Additional, I wish to thank her for continuous belief in my 

work, for standing by me and supporting me with integrity. Without her my works can 

not finished. 

I am truly grateful to Asst. Prof. Dr. Vannajan Sanghiran Lee, my co-advisor, 

Director of the Computational Simulation and Modeling Laboratory (CSML)  

at Chiang Mai University. Moreover, she ever was my advisor when I studied master 

and bachelor degrees. She has supported me tremendously in completing my project 

and was always on hand when unexpected things happened. 

I wish to express my sincere thank to Dr. Sornthep Vannarat from  

the National Electronics and Computer Technology Center (NECTEC) and  

Dr. Min  Medhisuwakul from Department of Physics, Chiang Mai university,  

my co-advisors for their additional advices and suggestions.  

I wish to extend my special thank to Dr. Supaporn Dokmaisrijan from 

Walailak University and Dr. Laongnuan Srisombat from Chiang Mai University,  

for serving on my thesis examination as a committee, helping me through  

the difficulties, and kindness in correcting parts of my thesis. 

I would also like to thank, Prof. Dr. Suwabun Chirachanchai and his team 

from Petroleum and Petrochemical College, Chulalongkorn University, for  



iv 
 

the experimental results of a hybrid polymer, Krytox-Silica in Nafion.  

Additional, I wish like to thank Assoc. Prof. Dr. Prayoon Songsiriritthigul and his 

team from Suranaree University of Technology, for the experimental results of  

Ar+ beam bombardment on Nafion membrane. Without their helping my work may be 

unsuccessful.  

I am deeply grateful to Prof. Dr. Kohji Tashiro from Department of Future 

Industry-oriented Basic Science and Materials, Graduate School of Engineering, 

Toyota Technological Institute, Japan, for his detailed and constructive comments 

about study of proton transfer in water and imidazole systems, and for his generously 

permission to allow me visit his laboratory for three months. In addition, I would like 

to thank him for spending his valuable time for advice and suggestion when I was 

exchange student there. 

My thank is extended to the Computational Simulation and Modeling 

Laboratory (CSML), Department of Chemistry, Faculty of Science, Chiang Mai 

University for kindly access to the computers which has made this study possible.  

I am also especially thankful to all members of CSML for their kind helps, sharing 

knowledge, kindness, assistance and friendship. 

I truly thank my parent for giving me the opportunity to study. Without their 

love, care and financial support everything happened during my study can not come 

true. Many words of thanks are not enough to express my deepest gratitude to them. 

Finally, I would like to thank the Thailand Graduate Institute of Science and 

Technology (TGIST) under scholarship no. TG-44-10-51-069D and Center of 

Excellence for Innovation in Chemistry, (PERCH-CIC) for the financial support this 



v 
 

project. Additionally, I would like to acknowledgement to the Computational 

Nanoscience Consortium (CNC) Nanotechnology (NANOTEC), Thailand for  

the access to Accelrys Materials Studio and Accelrys Discovery Studio  

program packages. 

 

Janchai Yana 

 


