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 There is an increasing demand on the use of biodegradable plastic, which 
can be renewable. A five-year Roadmap (2008-2012) for bioplastic development in 
Thiailand was approved. Currently, biodegradable poly(lactic acid) (PLA) is offering 
a potential alternative to petrochemical plastics in food packaging applications. 
However, it is comparatively brittle and stiff at room temperature, so modification is 
needed for PLA in order to apply with flexible-desired applications with breathability 
and gas barrier properties. This research aims to investigate the effect of CaCO3 nano-
particles and plasticizers on mechanical, physical, thermal properties and rheology of 
PLA nanocomposite, and to improve its breathability and gas barrier properties by 
adding SiO2-CaCO3 nano-particles at different mole ratio of Si:Ca. This research 
found that adding of nano-sized CaCO3 into PLA could improve processability of this 
commercialized biopolymer by lowering Tcc to around 105 oC, resulting in 
maintaining melt strength of the nanocomposites throughout the casting rolls. 
Polyethylene glycols (PEGs) and tributyl citrate (TbC) plasticizers could improve 
flexibility of CaCO3-PLA nanocomposites as well as caused good dispersion of nano-
sized CaCO3 in plasticized PLA matrix. The research found the synergism of fatty 
acid coating on CaCO3 and transesterification of PEG/TbC plasticizers on thermal 
degradation of PLA, caused the dramatically decrease in mechanical properties of 
PLA. However, TbC plasticizer could improve flexibility as well as maintain 
processability of CaCO3-PLA nanocomposites, especially handling in casting rolls. 
The successful preparation of high porosity and hydrophilic modified SiO2-CaCO3 
nano-particles by sol-gel process using TEOS as precursor was performed in this 
research. Adding of SiO2-CaCO3 nano-particles had positive effect on mechanical 
properties, thermal properties and thermal stability of PLA. TbC plasticized [SiO2-
CaCO3]-PLA nanocomposites sheet showed ability to be innovated as active food 
packaging materials because it gave higher O2 and CO2 permeability but slight 
increase of water vapor permeability, compared to neat PLA. These properties were 
desirable for keeping fresh fruit and vegetable and extending the shelf life of the 
products. 
 
 
 
 
 

Department of Materials Science and Engineering Graduate School, Silpakorn University 
Academic Year 2011 
Student’s signature ........................................... 
Thesis Advisors’ signature 1. ...........................  2. ........................... 

   ส
ำนกัหอ

สมุดกลาง



 d 

Acknowledgments 
 
 I would like to express my eternal gratitude to my Ph.D. dissertation 
advisor, Asst. Prof. Dr. Pajaera Patanathabutr for her constant advice and inspiration 
to conducting this research as well as to my co-advisor, Asst. Prof. Dr. Nattakarn 
Hongsriphan for her consulting on results and discussion. My sincerely thanks also to 
the examination committee, Asst. Prof. Dr. Chanchai Thongpin and Assoc. Prof. Dr. 
Duangdao Aht-Ong, for their invaluable time and comments on the research. 
 I would like to express my gratefulness to Department of Materials 
Sciences and Engineering, Silpakorn University for research funding, traveling 
funding for presentation abroad, and providing research facilities. Moreover, I would 
like to express my thank to Center of Excellence for Petroleum, Petrochemicals, and 
Advanced Materials, Chulalongkorn University for Ph.D. scholarship and travelling 
funds supported for presentation abroad. I would like to thank National Metal and 
Materials Technology Center (MTEC) for supporting partial budget for material 
testing in the their laboratory as; scanning electron microscope (SEM), capillary 
rheometer, rotational rheometer, plunger impact tester, gel permeation 
chromatography (GPC), particle size analysis, dynamic light scattering and X-ray 
fluorescence (XRF). 
 I am gratefully appreciated for Dr. Supakit Suttiruengwong who kindly 
provides the use of BET surface area testing instrument, and Mr. Pathompong 
Puathawee, who facilitated and operated this instrument. I would like to thank Faculty 
of Science, Silpakorn University for conducting X-ray diffraction (XRD) analysis. 
Moreover, I would like to thank Dr. Amporn Sane for facilitating the extrusion sheet 
process by sheet chill roll line at Department of Packaging and Materials Technology, 
Faculty of Agro-Industry, Kasetsart University, Bang Khen Campus. Furthermore,     
I would like to thank Central laboratory and Greenhouse complex of Kasetsart 
University, Kamphaengsaen Campus for supporting the transmission electron 
microscope (TEM) of the nanoparticles. My special thanks to Miss Voraluck 
Pongsorrarith for her kindness and conducting the scanning electron microscope 
(SEM) at National Nanotechnology Center (NANOTEC). I would like to thank 
Department of Science Service, Ministry of Science and Technology for supporting the 
carbon dioxide transmission rate (CO2TR) and water vapor transmission rate (WVTR) 
test. In addition, I would like to thank Department of Packaging and Materials 
Technology, Faculty of Agro-Industry Kasetsart University, Bang Khen Campus for 
supporting the oxygen transmission rate (O2TR) test. 
 A special acknowledgement is extended to all my friends for their 
profound sympathy, encouragement and supports during my study at Silpakorn 
University. In particular, my best friend, Miss. Nicha Jamrerkjang for her patience 
and helping me get through the difficult times, especially throughout my dissertation 
writing. Finally, I am indebted to my family, especially my beloved passing mother. 
Thank you for your love and inspiration, and for always being here for me. 
 

   ส
ำนกัหอ

สมุดกลาง




