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pp/organoclay nanocomposite films with various clay contents were pre­
pared by melt blending in a twin screw extruder' and blow film extrusion machine 
and were investigated for their properties. The organoclay modified by ammonium 
salt was successfully prepared as confirmed by XRD, FT-TR, and TGA. 
pp/organoclay nanocomposite films containing organoclay 1-5 wt% show interca­
lated type of nanocomposites. The addition of organoclay does not affect the crystal 
structure of pp matrix; however, it enhances thermal stability, melting and crystalli­
zation behavior. The mechanical properties of the nanocomposite films show en­
hanced modulus by 1 0 -2 0 % over that of pure pp with the trade-off in tensile strength 
and elongation at break. The increased modulus reduces with organoclay content. 
SEM images show increase in aggregation of organoclay particles. This may result in 
inferior mechanical properties with organoclay content. However, oxygen barrier 
property is better by 6  times that of virgin pp films. Intelligent packaging films made 
of poly(3,4-ethylenedioxythiophene):poly(sodium-4-styrenesulfonate) (PEDOT: 
PSS)/poly(vinyl acetate) (PYA) and Cu2+/PVA spin-coated onto pp/organoclay 
nanocomposite films were successfully used for monitoring the freshness of chicken 
meat. The correlations between aerobic plate count (APC) and total volatile basic 
nitrogen (TVB-N) vs storage time at room temperature can be used to define the 
freshness of meat. PEDOT:PSS/PVA and Cu2+/PVA behave as both color sensors 
and electrical sensors to response to TVB-N. The results show that increasing thick­
ness by reducing spin-coating speed, concentration of PEDOT:PSS and Cu2+ of the
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sensor, amount of meat, and decreasing clay content of the nanocomposite film sub­
strates lead to better response or higher in total color difference (TCD) values. Cu2+ 
sensors render better response through visible color change than PEDOT.PSS ones. 
However, it was estimated that at least chicken of 200 g is enough for clear color 
change of PEDOT:PSS detected by naked eyes. Leaching test shows that Cu2+ re­
leases out less than the minimum allowance.
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นัทธีรา เรืองฤทธ: บรรจุกัณฑ์ฉลาดพอลิพรอพิลีน!คลย์นาโนคอมพอสิท (Polypro- 
pylene/Organoclay Nanocomposte Intelligent Packaging) อ. ทีปรึกษา: รศ.ดร. รัตนวรรณ 
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การวิจัยน้ีได้ศึกษาถึงสมบัติของแผ่นฟิล์มพอลิพรอพิลีน/ออร์แกโน!คลย์นาโนคอมพอ 
สิตท่ีปริมาณออร์แกโน!คลย์สัดส่วนต่าง  ๆ โดยใช้!คร่ือง twin screw extruder และ blow film 
extrusion machine ออร์แกโน!คลย์ได้ผ่านการปรับปรุงสมบัติด้วยเกลือของ!เอมโม!นิยมก่อน 
นำไปใช้ พบว่า แผ่นฟิล์มนาโนคอมพอสิตท่ี!คลย์สัดส่วนต่าง  ๆ (ปีนชนิดอิน!ตอร์คา!ลต การเติม 
ออนิ!กโนเคลย์ไม่มีผลต่อโครงสร้างผลึกของพอลิพร&พัลีน แต่มีผลทำให้ค่าทนความร้อน การ 
หลอมเหลวและอุณหภูมิการตกผลึกสูงข้ึน สมบัติเชิงกล เช่น ค่า Young’s modulus เพ่ิมข้ึน 
ประมาณ 10-20% แต่ค่า tensile strength และ elongation at break ลดลง ค่า Young’s 
modulus ท่ีเพ่ิมข้ึนน้ันลดลง!ม่ือปริมาณ!คลย์เพ่ิมสูงข้ึน.และภาพจาก SEM พบว่า'มีการรวมตัว 
กันของ!คลย์ ซ่ึงอาจส่งผลต่อการลดลงของสมบัติเชิงกล อย่างไรก็ตามค่าการซึมผ่านของก๊าซ 
ออกซิเจนซ่ึงสำคัญต่อบรรจุกัณฑ์อาหารมีค่าลดลงประมาณ 6 เท่า ในงานวิจัยน้ีมีก่ารผลิตบรรจุ 
กัณฑ์ฉลาดท่ีใช้สำหรับตรวจวัดความ!น่าเสียของเน้ือไก, โดยทำจากแผ่นฟิล์มพอลิพรอพิลีน/ออร์ 
แกโนเคลย์นาโนคอมพอสัตท่ีเคลือบผิวด้วย poly(3,4-ethylenedioxythiophene):
poly(sodium-4-styrenesulfonate) (PEDOT:PSS)/poly(vinyl acetate) (PVA) และ 
Cu27 p v a  ช้ีวัดความสดด้วยการนับจำนวนแบคทีเรียและการวัดปริมาณไอของสารประกอบ
ไนโตร!จน จากผลการวิจัย พบว่า PEDOT:PSS/PVA และ Cu2+/PVA สามารถใช้เปีน!ซ็น!ชอร์ 
ตรวจวัดความสดของ!น้ือได้ โดยการเปล่ียนสี!!ละสังเกตได้ด้วยตา!ปล่า รวมถึงการเปล่ียนค่าทาง 
ไฟฟ้า โดยเม่ือเพ่ิมความเข้มข้น!เละความหนาของเซ็นเซอร์ เพ่ิมปริมาณเน้ือท่ีใช้วัดความสด และ 
ลดปริมาณ!คลย์ใน!เผ่นฟิล์มนาโนคอมพอสิต จะทำให้การตอบสนองของเซ็นเซอร์ดีข้ึน และพบ 
อีกว่า Cu2+/PYA สามารถตอบสนองได้ดีกว่า PEDOT:PSS/PVA แต่เม่ือเพ่ิมปริมาณเน้ือเป็น 
200 กรัม PEDOT:PSS/PVA ก็จะตอบสนองได้ดีขึน และสามารถมองเห็นได้ด้วยตาเปล่า จาก 
การวัดการร่ัวของเซ็นเซอร์ พบว่า มีปริมาณการร่ัวออกมาน้อยมาก และอยู่ในค่าท่ีรับได้!!ละไม่ 
เป็นอันตราย



VI

A C K N O W L E D G E M E N T S

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

First of all, the author would like to gratefully give special thanks to her 
advisors, Assoc. Prof. Rathanawan Magaraphan, Asst. Prof. Hathaikarn Manuspiya, 
and Asst. Prof. Manit Nithitanakul for their intensive suggestions, valuable guidance 
and vital help throughout this research. In addition, the author deeply thanks to 
Assoc. Prof. Ittipol Jangchud and Dr. Rattaporn Thonggoom for serving on her thesis 
committee.

The author is grateful for the partial scholarship and partial funding of the 
thesis work provided by the Postgraduate Education and Research Programs in The 
National Excellent Center for Petroleum, Petrochemicals, and Advanced Materials, 
National Research Council of Thailand (NRCT); and Polymer Processing 'and 
Polymer Nanomaterials Research Units.

The author would like to thank Thai Nippon Chemical Industry Co, Ltd.; 
for providing the raw materials to carry out this research and Tang Packaging Co.j 
Ltd. for tubular blown film extrusion machine.

Special thanks go to all of the Petroleum and Petrochemical College’s 
faculties who have tendered invaluable knowledge and the college staffs who 
willingly gave support and encouragement.

Finally, the author would like to take this opportunity to thank PPC Ph D. 
students (especially, Ms. Nattaya Muksing and Mr. Wachiraphol Sinthavathavorn) and 
all her PPC friends for their friendly assistance, cheerfulness, creative suggestions, and 
encouragement. Also, the author is greatly indebted to her parents and her family for 
their support, love and understanding. Without them, this work wouldn’t have been 
successful.



T A B L E  O F  C O N T E N T S

PAGE
Title Page i
Abstract (in English) iii
Abstract (in Thai) V

Acknowledgements vi
Table of Contents vii
List of Tables ix
List of Figures X

Abbreviations xiv

C H A P T E R
I IN T R O D U C T IO N  1

II L IT E R A T U R E  R E V IE W  5

H I E X P E R IM E N T A L  29

IV  T H E R M A L  A N D  M E C H A N IC A L  P R O P E R T IE S  O F
P P /O R G A N O C L A Y  N A N O C O M P O S IT E S  42
4.1 Abstract 42
4.2 Introduction 42
4.3 Experimental 43
4.4 Results and Discussion 47
4.5 Conclusions 62
4.6 Acknowledgements 62
4.7 References 63



V lll

V  P P /O R G A N O C L A Y  N A N O C O M P O S IT E  IN T E L L IG E N T  
P A C K A G IN G  B A S E D  O N  P E D O T :P S S  A N D
C O P P E R  S E N S O R S  64
5.1 Abstract 64
5.2 Introduction 64
5.3 Experimental 6 6
5.4 Results and Discussion 73
5.5 Conclusions 104
5.6 Acknowledgements 105
5.7 References 105

V I C O N C L U S IO N  A N D  R E C O M M E N D A T IO N S  107

REFERENCES n o

A P P E N D IC E S  113
A p p e n d ix  A  113
A p p e n d ix  B  114
A p p e n d ix  c  115
A p p e n d ix  D  136
A p p e n d ix  E 138
A p p e n d ix  F  138
A p p e n d ix  G  139

CHAPTER PAGE

CURRICULUM VITAE 140



LIST OF TABLES

CHAPTER II
2.1 Examples of external and internal indicators and their 

working principle or reacting compounds to be used in
intelligent packaging for quality control of packed food 7

2.2 Microbiological spoilage of foods 14
2.3 Chemical formula and characteristic parameter of

commonly used 2:1  phyllosilicates 18

CHAPTER IV
4.1 Thermal'behavior of BTN and OBTN 49
4.2 Thermal behavior of pp and pp/organoclay nanocomposites 52
4.3 Melting and crystallization behavior of pp and pp/organoclay

nanocomposites 55
4.4 Mechanical properties of PP and pp/organoclay nanocomposites 58
4.5 Oxygen Gas Permeability of pp and pp/organoclay

nanocomposite films 61

CHAPTER V
5.1 Effect of spin-coating speed on thickness of

PEDOT:PSS and Cu2+ sensors without substrate 83

TABLE PAGE



X

LIST OF FIGURES

CHAPTER II
2.1 Sensor responses to increasing ammonia concentration

monitored by the optical scanner 12
2.2 Correlation between sensor response and bacterial population

in whiting filet samples at 21  ๐c  12
2.3 Model of changes in total count (TVC), specific spoilage 

organisms (SSO) and chemical spoilage indices during
chill storage of a fish product 14

2.4 Structure of 2:1 phyllosilicates 18
2.5 Schematically illustration of three different types of

thermodynamically achievable polymer layered silicate 
nanocomposites 2 0

2.6 The backbone structure of PEDOT 23
2.7 PEDOT:PSS blend (Baytron, P) 24
2.8 Chemical and electronic structure of neutral and doped polythiophene 25
2.9 Two types of conjugated polymer 25
2.10 Optical absorption spectra of PEDOT in visible region 26
2.11 Shortened version of the Periodic Table which shows

the first row of the d block 27
2.12 Electronic configuration of copper 28
2.13 Possible oxidation states of the first row of transition metals 28

CHAPTER III
3.1 Chemical structure of Stepantex™ SP-90 29
3.2 Experimental design for meat spoilage monitoring 38

CHAPTER IV
4.1 WAXD patternsof Na-BTN and OBTN 48

FIGURE PAGE



XI

4.2 FT-IR spectra of Na-BTN and OBTN. 49
4.3 Thermal behavior of Na-BTN and OBTN. 50
4.4 WAXD patterns of pp and pp/organoclay nanocomposites 51
4.5 TGA thermograms of PP and pp/organoclay nanocomposites 52
4.6 DTA thermograms of pp and pp/organoclay nanocomposites 53
4.7 DSC thermograms (melting temperature) of pp/organoclay

nanocomposites 54
4.8 DSC thermograms (crystallization temperature) of pp/organoclay

nanocomposites 55
4.9 Young’s modulus of PP and pp/organoclay composites 57
4.10 Tensile strength of pp and pp/organoclay composites 57
4.11 Elongation at break ofpp and-PP/organoday composites 57
4.12 SEM images of pp/organoclay nanocomposites at 10000 magnify 59
4.13 Oxygen Gas Permeability ofpp and pp/organoclay

nanocomposite fdms 61

CHAPTER V
5.1 Experimental design for meat spoilage monitoring 69
5.2 Aerobic plate count of meat samples during storage time

at room temperature 74
5.3 TVB-N values of meat samples during storage time

at room temperature 75
5.4 FT-IR spectra of PESOT:PSS as prepared 76
5.5 FT-IR spectra of PESOT:PSS as reference of EDOT monomer

and PEDOT:PSS polymer 76
5.6 The effect of concentration of PEDOT:PSS sensors on

changes in Hunter color values 78
5.7 The effect of concentration of PEDOT:PSS sensors on

changes in TCD values 80

FIGURE PAGE



xii

5.8 The effect of concentration of Cu(NC>3)2 sensors on
changes in Hunter color values 80

5.9 The effect of concentration of Cu(NÛ3)2 sensors on
changes in TCD values 82

5.10 The effect of sensor thickness on changes in Hunter color values
of PEDOTPSS sensors 84

5.11 The effect of sensor thickness on changes in TCD values
of PEDOT:PSS sensors. 8 6

5.12 The effect of sensor thickness on changes in Hunter color values
of Cu(NC>3)2 sensors 8 6

5.13 The effect of sensor thickness on changes in TCD values
of Cu(NC>3)2 sensors • • .• 8 8

5.14 The effect of clay contents in nanocomposite film on
changes in Hunter color values of PEDOT:PSS 89

5.15 The effect of clay contents in nanocomposite film on
changes in TCD values of PEDOT :PSS sensor 90

5.16 The effect of clay contents in nanocomposite film on
changes in Hunter color values Cu(N0 3 ) 2  sensors 91

5.17 The effect of clay contents in nanocomposite film on
changes in TCD values of Cu(N0 3 ) 2  sensors 92

5.18 The effect of amount of meat samples on changes in
Hunter color values of PEDOT:PSS sensors 93

5.19 The effect of amount of meat samples on changes in
TCD values of PEDOT :PSS sensors 95

5.20 The effect of amount of meat samples on changes in
Hunter color values of Cu(N0 3 ) 2  sensors 96

5.21 The effect of amount of meat samples on changes in
TCD values of Cu(N0 3 ) 2  sensors 98

5.22 Changes in TCD values of PEDOT PSS and Cu2+ sensors 98
5.23 The effect of amount of meat samples-on change in

FIGURE PAGE



X lll

TCD values of PEDOT:PSS sensors at the point of spoilage 99
5.24 Correlation of change in microbial populations of fresh meat

and sensor response of PEDOT:PSS and Cu2+ sensors 100
5.25 Electrical conductivity of 5% พ/พ PEDOT:PSS, 

spin-coated at 1000 rpm onto 5%clay nanocomposite films,
of meat samples of 1 0 0  g 1 0 2

5.26 Electrical conductivity of 5% พ/พ Cu(N0 3)2, 
spin-coated at 1000 rpm onto 5%clay nanocomposite films,
of meat samples of 100 g 103

5.27 Calibration curve of the standard aqueous Cu2+ solution 104



ABBREVIATIONS

pp Polypropylene
BTN Bentonite
OBTN Organomodified bentonite
Stepantex™ SP-90 Dipalmitoylethy hydroxyethylmonium methosulfate 
Surlyn Sodium-neutralized ethylene-co-methacrylic acid
EDOT 3,4-ethylenediethoxythiophene
PEDOT Poly(3,4-ethylenediethoxythiophene)
PSS Poly(sodium-4-styrenesulfonate)
TVC Total viable count
APC Aerobic plate count
TVB-N Total volatile basic nitrogen
TCD Total color difference


	Cover (English) 
	Accepted 
	Abstract (English) 

	Abstract (Thai) 
	Acknowledgements 

	Contents 


