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ABSTRACT

5472014063  Polymer Science Program
Juthaporn Vipachon: Reactive Compatibilized PLA/Modified EVA
Blends for Injection Products
Thesis Advisor: Assoc. Prof. Rathanawan Magaraphan 181 pp
Keywords:  Catalytic reactive extrusion/ Compatibilizer/ Ethylene (vinyl acetate)
(EVA)/ Poly(lactic acid) (PLA)

Transesterification of ethylene(vinyl acetate) or EVA via catalytic reactive
extrusion in the presence of 1-dodecanal and dibutyl tin dilaurate (DBTL) catalyst
was completely occurred in a twin-screw extruder at a screw speed of 10 rpm in
order to alter the vinyl acetate groups in the chains to be hydroxyl groups. The result
from FTIR and dynamic mechanical test revealed that the increment of hydroxyl
groups to EVA chains was successfully obtained via catalytic reactive extrusion. The
synthesis of modified EVA (mEVA) via the effective methods as mentioned earlier
was blended with PLA and four different type of compatibilizers; ie. Ethylene-
glycidyl methacrylate copolymer (E-GMA), ethylene-methyl  acrylate-glycidyl
methacrylate terpolymer (T-GMA), Ethylene-acrylic acid copolymer (PE-AA), and
Poly(2-ethyl-2-oxazoling) (Oxa) at various amounts of mEVA (10, 20, 30, and 40
wi%) and at 5 10 and 15 phr of compatibilizers loading. The
PLA/mEVA/compatibilizers blends were prepared in a co-rotating twin-screw
extruder with a screw speed of 30 rpm. Morphological interpretation through FE-
SEM revealed the separation between PLA and mEVA phases in the presence of
MEVA. On the other hand, FE-SEM images presented the improvement in
compatibility of the PLA/MEVA blends in the presence of compatibilizers.



Blends for Injection Products)

90:10, 80:20, 70:30

30

60:40

(Reactive Compatibilized PLA/Modified EVA

10

' 5, 10 15 phr



ACKNOWLEDGEMENTS

This research would not have heen possible without the assistance of the
following individuals.

First of all, the author would like to gratefully give special thanks to her
advisor, Assoc. Prof. Rathanawan Magaraphan for her intensive suggestions,
valuable quidance and vital help throughout this work. Moreover, the author
profoundly thanks to Asst. Prof. Manit Nithitanakul and Asst. Prof. Suparat
Rukchonlatee for serving on her thesis committee.

This thesis work is funded by the Petroleum and Petrochemical College; and
the National Center of Exellence for Petroleum, Petrochemical, and Advanced
Materials, Thailand; and also Polymer Processing and Polymer Nanomaterial
Research Units. The author would like to thank TPI POLENE Public Company
Limited for raw materials to carry out this research.

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

Finally, the author would like to take this opportunity to thank PPC Ph.D.
students and all her PPC friends for their friendly assistance, cheerfulness, creative
suggestion, and encouragement. Also, the author is greatly indebted to her parents
and her family for their support, love, and understanding.



Vi

TABLE OF CONTENTS
PAGE
Title Page i
Abstract (in English) i
Abstract (in Thai) \
Acknowledgements v
Table of Contents Vi
Listof Tables Xiv
List of Figures XVili
CHAPTER

I INTRODUCTION 1
[l LITERATURE REVIEW 3
[Il - EXPERIMENTAL 33
3.1 Materials 33

3.1.1 Poly(Lactic Acid) 33

3.1.2 Ethylene(Vinyl Acetate) 33

3.1.3 Ethylene-Glycidyl Methacrylate 33

3.1.4 Ethylene-Acrylate Esler-Glycidyl Methacrylate 33

3.1.5 Poly(2-Ethyl-2-Oxazoline) 33

3.1.6 Ethylene-Acrylic Acid Copolymer 33

3.1.7 1-Dodecanol 33

3.1.8 Dibutyltin Dilaurate 33

3.1.9 Acetone 33

3.2 Equipment 34



3.3

3.4

3.2.1 Twin Screw Extruder
3.2.2 Compression Molding
3.2.3 Injection Molding
3.2.4 Soxhlet Extractor
3.2.5 Fourier Transform Infrared Spectroscope
3.2.6 Thermogravimetric Analyzer
3.2.7 Differential Scanning Calorimeter
3.2.8 Dynamic Mechanical Analyzer
3.2.9 Field Emission Scanning Electron Microscope
3.2.10 Universal Testing Mechine
3.2.11 Melt Flow Indexer
3.2.12 Biodegradability Testing
Methodology
3.3.1 Modification of EVA Via Catalytic Reactive Extrusion
3.3.2 Preparation of PLA/Modified EVA Blending
3.3.3 Preparation Specimen by Injection Molding
Characterization
3.4.1 Characterization and Mechanical Testing of Modified
EVA
3.4.1.1 %Yield and conversion
3.4.1.3 Chemical structure analysis
3.4.1.3 Thermal stability analysis
3.4.1.4 Thermal Properties and Crystallization
Behavior Characterization
3.4.1.5 Dynamic Mechanical Properties Test
3.4.2 Characterization and Mechanical Testing of PLA/
Modified EVA/Compatibilizer Blends
3.4.2.1 Thermal Stability Analysis
3.4.2.2 Thermal Properties and Crystallization

Vi

PAGE

40
40
41
41

41
41

42
42



Behavior Characterization

3.4.2.3 Dynamic Mechanical Properties Test
3.4.2.4 Morphology Characterization

3.4.2.5 Physical Properties Testing

3.4.2.6 MeltFlow Indexer

3.4.2.7 Biodegradability Testing

THE EFFECT OF MODIFIED EVA CONTENTS
ACETATE) VIA CATALYTIC TRANESTERIFICATION
REACTIVE EXTRUSION

4.1
4.2
4.3

4.4
4.5

4.6

Abstract

Introduction

M aterials

4.3.1 Ethylene(Vinyl Acetate)

4.3.2 1-Dodecanol

4.3.3 Dibutyltin Dilaurate

4.3.4 Acetone

Methodology

Characterization

451 Twin-Screw Extruder

4.5.2 Compression Molding

453 %Yield and Conversion

4.5.4 Chemical Structure Analysis

4.5.5 Thermal Stability Analysis

4.5.6 Thermal Properties and Crystallization Behavior
Characterization

4.5.7 Dynamic Mechanical Properties Test

Results and Discussion

4.6.1 Extrusion

vin

PAGE
4
4
4
4
4
43

44
44
45
45
45
45
45
45
46
46
46
47
47
47

47
48
48
48



4.6.2 Soxhlet Extraction of mEVA
4.6.3 FTIR AnalysisofmEVA
4.6.4 Thermal Stability
4.6.5 Thermal Properties
4.6.6 Dynamic Mechanical Properties
4.7 Conclusion
4.8 Acknowledgements
4.9 References

THE EFFECT OF MODIFIED EVA CONTENTS ON
MORPHOLOGY, THERMAL, AND MECHANICAL
PROPERTIES OF PLA BLENDS
5.1 Abstract
5.2 Introduction
5.3 Materials
5.3.1 Poly(Lactic Acid)
5.3.2 Ethylene(Vinyl Acetate)
5.4 Methodology
5.4.1 Preparation of PLA/ Modified EVA Blending
5.4.2 Preparation Specimen by Injection Molding
5.5 Characterization

5.5.1 Characterizations and Mechanical Testing of PLA/

Modified EVA/Compatibilizer Blends

5.5.1.1 Thermal Stability Analysis

5.5.1.2 Thermal Properties and Crystallization
Behavior Characterization

5.5.1.3 Dynamic Mechanical Properties Test

5.5.1.4 Morphology Characterization

5.5.1.5 Physical Properties Testing

5.5.1.6 Melt Flow Indexer

PAGE
49
49
50
51
52
54
55
55
57

57
57
58
58
58
59
59

60

60
60

60
61
61
61
61



Vi

5.5.1.7 Biodegradability Testing
5.6 Results and Discussion
5.6.1 Thermal Stability
5.6.2 Thermal Properties
5.6.3 Dynamic Mechanical Properties
5.6.4 Morphology
5.6.5 Mechanical Properties
5.6.6 Melt Flow Index
5.6.7 Biodegradability
5.7 Conclusion
5.8 Acknowledgements
5.9 References

THE EFFECT OF COMPATIBILIZERS CONTENTS
ON MORPHOLOGY, THERMAL, AND MECHANICAL
PROPERTIES OF PLA/MODIFIED ETHYLENE(VINYL
ACETATE) BLENDS
6.1 Abstract
6.2 Introduction
6.3 Materials
6.3.1 Poly(Lactic Acid)
6.3.2 Ethylene(Vinyl Acetate)
6.3.3 Ethylene-Glycidyl Methacrylate 1-Dodecanol
6.3.4 Ethylene-Acrylate Ester-Glycidyl Methacrylate
6.3.5 Ethylene-Acrylic Acid Copolymer
6.3.6 Poly(2-Ethyl-2-Oxazoline)
6.4 Methodology
6.4.1 Preparation of PLA/ Modified EVA/Compatibilizers

PAGE
62
62
62
63
65
67
68
!
!
72
73
3

15

15
15
"1
11
1
11
1
"
"1
"1



Blending

6.4.2

Preparation Specimen by Injection Molding

0.5 Characterization

6.5.1

Characterizations and Mechanical Testing of PLA/

Modified EVA/Compatibilizer Blends

6.5.1.1 Chemical Structure Analysis

6.5.1.2 Thermal Stability Analysis

6.5.1.3 Thermal Properties and Crystallization
Behavior Characterization

6.5.1.4 Dynamic Mechanical Properties Test

6.5.1.5 Morphology Characterization

6.5.1.6 Physical Properties Testing

6.5.1.7 Melt Flow Indexer

6.5.1.8 Biodegradability Testing

6.0 Results and Discussion

6.6.1 Ethylene-Glycidyl Methacrylate Copolymer (E-GMA)

6.6.2

6.6.1.1 Chemical Analysis

6.6.1.2 Thermal Stability

6.6.1.3 Thermal Properties

6.6.1.4 Dynamic Mechanical Properties Test
6.6.1.5 Morphology

6.5.1.6 Mechanical Properties

6.5.1.7 Melt Flow Index

6.5.1.8 Biodegradability

Ethylene-Methyl Acrylate-Glycidyl Methacrylate
Terpolymer (T-GMA)

6.6.2.1 Chemical Analysis

6.6.2.2 Thermal Stability

6.6.2.3 Thermal Properties

Xl

PAGE
11
18
9

19
19
80

80
80
80
6l
6l
6l
6l
6l
6l
88
91
9%
103
104
106
106

107
107
114
17



VI

6.6.2.4
6.6.2.5
6.6.2.6
6.6.2.7
6.6.2.8

Dynamic Mechanical Properties Test
Morphology

Mechanical Properties

Melt Flow Index

Biodegradability

6.6.3 Ethylene-Acrylic Acid Copolymer (PE-AA)

6.6.3.1
6.6.3.2
6.6.3.3
6.6.3.4
6.6.3.5
6.6.3.6
6.0.3.7
6.6.3.8

Chemical Analysis

Thermal Stability

Thermal Properties

Dynamic Mechanical Properties Test
Morphology

Mechanical Properties

Melt Flow Index

Biodegradability

6.6.4 Poly(2-Ethyl-2-Oxazoline) (Oxa)

6.6.4.1
6.6.4.2
6.6.4.3
6.6.4.4
6.6.4.5
6.6.4.6
6.6.4.7
6.6.4.8
6.7 Conclusion

Chemical Analysis

Thermal Stability

Thermal Properties

Dynamic Mechanical Properties Test
Morphology

Mechanical Properties

Melt Flow Index

Biodegradability

6.8 Acknowledgements

6.9 References

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

Xl

PAGE
120
128
129
131
131
132
132
138
142
145
154
155
157
157
158
158
166
170
173
181
182
184
184
187
188
188

192
192



Xm

PAGE
7.2 Recommendations 193
REFERENCES 1%
APPENDICES 201

Appendix A PLA/MEVA blends without com patibilizer 01
Appendix B PLA/MEVA blends with E-GMA com patibilizer 202
Appendix ¢ PLA/MEVA blends with T-GMA compatibilizer 204
Appendix D PLA/MEVA blends with PE-AA com patibilizer 206
Appendix E PLA/MEVA blends with Oxa compatibilizer 208

CURRICULUM VITAE pall



TABLE

2.1

2.2

2.3

2.4

2.5

2.6

2.1

2.8

LIST OF TABLES

CHAPTERII
Thermal characteristics of PLA/PV Ac blends (Park d:d.,
2003)
Tensile properties of PLA/LDPE blends compatibilized
with PE-GMA (Kim etdl, 2004)
Mechanical properties of neat PLAs and PLA/EGMA blends
(0yama et d., 2008)
Tensile Properties of PLLAZ V.OH Blends. (Lee €fal,
2005)
Thermal Properties of PLLA/EV.OH10 Blends (Lee etdl,,
2005)
Tensile and impact properties of virgin PLA, PBAT, PLA/
PBAT blend with GMA and blend nanocomposites (Kumar
etal, 2010)
Melting and crystallization behaviour of virgin PLA, PBAT,
PLA/PBAT and PLA/PBAT blend nanocomposites (Kumar
éd. 2010)
Thermal properties of PLA in blendsat differentT-GM A
contents (Zhang €tal, 2009)

CHAPTER I

3.1 The blend compositions of PLA/ModifiedEV A blends

X1V

PAGE

11

13

14

15

22

23

27

39



XV

TABLE PAGE
CHAPTER IV
4.1 Retention time and throughput rate of MEVA 48
4.2 Conversion and %yield of mEVA at screw speed of 10 rpm 49
4.3 Decomposition temperature ( C), weight loss (%) and char
residue (wt%) of pure EVA and mEVA 51
4.4 Thermal properties of pure EVA and mEVA 52
45 Dynamic mechanical properties of pure PLA and mEVA 54
CHAPTERV
51 The blend compositions of PLA/M odified EVA blends 59
5.2 Decomposition temperatures of pure PLA, pure mEVA, and PLA/
mEVA blends with various mEV A contents 63
5.3 Thermal properties of pure PLA and PLA/mEVA binary blends 64
5.4 Dynamic mechanical properties of pure PLA, pure mEVA
and PLA/mEVA blends 67
CHAPTERVI
6.1 The blend compositions of PLA/Modified EV A/compatibilizer
blends 78
6.2 Absorbance ratio of pure PLA, PLA/MEVA binary blends and
PLA/ImMEVAJE-GMA blends 86
6.3 Assignment of absorbance of PLA, mEVA and E-GMA 87
6.4 Decomposition temperature of pure PLA, pure mEVA, PLA
ImEVA binary blends and PLA/mEVA/E-GMA blends 91
6.5 Thermal properties of pure PLA, PLA/mEVA binary blends
and PLA/mEVA/E-GMA blends 95

6.6 Dynamic mechanical properties of pure PLA, pure mEVA,



TABLE

6.7

6.8
6.9

6.10

6.11

6.12

6.13
6.14

6.15

6.16

6.17

6.18
6.19

6.20

6.21

PLA/MEVA binary blends and PLA/mEVA/E-GMA blends
Absorbance ratio of pure PLA, PLA/mEVA binary blends and
PLA/MEVAIT-GMA blends

Assignment of absorbance of PLA, mEVA and T-GMA
Decomposition temperatures of pure PLA, pure mEVA, PLA
ImEVA binary blends and PLA/mEVA/T-GMA hlends
Thermal properties of pure PLA, PLA/mEV A binary blends
and PLA/mEVAIT-GMA blends

Dynamic mechanical properties of pure PLA, pure mEVA,
PLA/mEVA binary blends and PLA/mEVA/T-GMA blends
Absorbance ratio of pure PLA, PLA/mEVA binary blends and
PLA/ImMEVAIPE-AA blends

Assignment of absorbance of PLA, mEVA and PE-AA
Decomposition temperatures of pure PLA, pure mEVA, PLA
ImEVA binary blends and PLA/mEVA/PE-AA blends
Thermal properties of pure PLA, PLA/mEVA binary blends
and PLA/mEVA/PE-AA blends

Dynamic mechanical properties of pure PLA, pure mEVA,
PLA/MEVA binary blends and PLA/mEVA/PE-AA blends
Absorbance ratio of pure PLA, PLA/mEVA binary blends and
PLA/mEVA/Oxa blends

Assignment of absorbance of PLA, mEVA and Oxa
Decomposition temperatures of pure PLA, pure mEVA,
PLA/mEVA binary blends and PLA/mEVA/Oxa blends
Thermal properties of pure PLA, PLA/mEVA binary blends
and PLA/mEVA/Oxa blends

Dynamic mechanical properties of pure PLA, pure mEVA,
PLA/MEVA binary blends and PLA/mEVA/Oxa blends

XVI

PAGE

102

112
113

117

122

129

138
139

143

147

155

165
166

170

174

181



TABLE

Al
A2
A3
Bl
B2
B3
Cl
C2
C3
D1
D2
D3
El
E2
E3

APPENDICES
Mechanical properties of PLA/MEVA blends :
Melt flow index (MFI) of PLA/mEV A blends
Weight loss (%) of PLA/mEV A blends
Mechanical properties of PLA/MEVA/E-GMA blends
Melt flow index (MFI) of PLA/ImMEVA/E-GMA blends
Weight loss (%) of PLA90O/mEVALQ/E-GMA blends
Mechanical properties of PLA/MEVA/T-GMA blends
Melt flow index (MFI) of PLA/ImMEVAIT-GMA blends
Weight loss (%) of PLA9O/mEVALO/T-GMA blends
Mechanical properties of PLA/mMEVA/PE-AA blends
Melt flow index (MFI) of PLA/mMEVA/PE-AA blends
Weight loss (%) of PLA90/mEVAL0/PE-AA blends
Mechanical properties of PLA/mEVA/Oxa blends
Melt flow index (MFI) of PLA/mEVA/Oxa blends
Weight loss (%) of PLA/ImEVA/Oxa blends

XVII

PAGE

199
199
200

200
201
202
202
203
204
204
205
206
206
207
208



LIST OF FIGURES

FIGURE

2.1

2.2
2.3
2.4

2.5

2.6
2.1
2.8
2.9
2.10
2.11
2.12
2.13

2.14
2.15
2.16
2.17
2.18

CHAPTERII
Young modulus and elongation at break as a function of
copolymer amount (Moura G.'a|,2012)
Chemical structure of PLA
Polymerization of PLA
DSC thermograms of (a) PLA/P(VAc-co-VA) 10 blends,
(b) PLA/P(VAc-co-VA)20 blends, (c) PLA/P(VAc-co-VA)
30 blends (Park €tdl., 2003)
The second scan DSC thermograms of EVOH-g-PLLA and
EVOH/PLLA blend (Lee €tal, 2005)
The chemical structure of EVA
The chemical structure of E-GMA
Reaction of-OH groups of PLA with GMA unit
Reaction of-COOH groups of PLA with GMA unit
The chemical structure of T-GMA
Reaction 0f-OH groups of PLA with GMA unit
Reaction of-COOH groups of PLA with GMA unit
Effectof T-GM A concentration in the PLA/PBAT blends
(PLA/PBAT =90/10, 80/20, 70/30 wt%) on impact strength
(zhang eal, 2009)
The chemical structure of Poly(2-ethyl-2-0xazoline)
Reaction 0f-OH groups of PLA with oxazoline group
Reaction of “COOH groups of PLA with oxazoline group
The chemical structure of PE-AA
Reaction of-OH group of PLA with carboxilic group

XVill

PAGE

10

15
16
18
19
20
23
24
25

26
27
28
29
30
31



FIGURE

4.1
4.2
4.3
4.4
4.5
4.6

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

CHAPTER IV
FTIR spectra of pure EVA and mEVA
TGA thermograms ofpure EVA and mEVA
DSC thermograms of pure EVA and mEVA
Storage Modulus of pure EVA and mEVA
Loss Modulus of pure EVA and mEVA
Tan 8 of pure EVA and mEVA

CHAPTERV

Dumbbell-shape samples by injection molding
TGA thermograms of pure PLA, pure mEVA, and PLAJ
mEVA blends with various mEVA contents
DSC thermograms of pure PLA, pure mEVA, and PLA/
mEVA blends with various mEVA contents
Storage Modulus of pure PLA, pure mEVA and PLA/
mEVA blends at various mEVA contents
Loss Modulus of pure PLA, pure mEVA and PLA/ImEVA
blends at various mEVA contents
Tan 8 ofpure PLA, pure mEVA and PLA/mEVA blends at
various mEV A contents
FE-SEM images of the fracture ofthe blend (a) Pure PLA
(b) PLA/ImEVA (90/10 / ) blend (c) PLA/IMEVA(80/20

[ ) blend (d) PLA/mEVA(70/30 [/ )hblend (e) PLA/
mEVA (60/40 [ ) blend
Young'smodulus of PLA/mEVA blends at various mEV A
contents

XIX

PAGE

49
50
52
53
53
54
60
63
64
65

66

66

68

69



FIGURE

5.9 Tensile strength of PLA/MEV A blends at various mEVA
contents

5.10 Elongation at break of PLA/mEVA blends at various mEVA
contents

511 MFI values of PLA/mEV A blends atvarious mEVA contents

5.12 Weight loss of PLA/mEVA blends at various mEV A contents

CHAPTER VI

6.1 Dumbbell-shape samples by injection molding

6.2 Reaction of-COOH and -OH groups of PLA with epoxy group
of E-GMA compatibilizer

6.3 Reaction of-OH groups of mEVA with epoxy group of
E-GMA compatibilizer

6.4 FTIR spectraof PLA/ImEVA (70/30 [/ ) blends at various

6.5

6.6

6.7

6.8

6.9

E-GMA contents

TGA thermograms of PLA/mEV A (90/10 / ) blends at
various E-GM A contents

TGA thermograms of PLA/mEV A (80/20 / ) blends at
various E-GM A contents

TGA thermograms of PLA/mEVA (70/30 / ) blends at
various E-GM A contents

TGA thermograms of PLA/mEVA (60/40 / ) blends at
various E-GM A contents

DSC thermograms of PLA/mEV A (90/10 / ) blends at
various E-GMA contents

XX

PAGE

70

70

11

12

79

83

85

86

88

89

89

90

92



FIGURE

6.10 DSC thermograms of PLA/mEVA (80/20 / ) blends at
various E-GMA contents

6.11 DSC thermograms of PLA/mEVA (70/30 [ ) blends at
various E-GM A contents

6.12 DSC thermograms of PLA/mEVA (60/40 [ ) blends at
various E-GMA contents

6.13 Storage Modulus of PLA/MEVA (90/10 [ ) blends at
various E-GMA contents

6.14 Storage Modulus of PLA/mEV A (80/20 / ) blends at
various E-GM A contents

6.15 Storage Modulus of PLA/mEVA (70/30 [ ) blends at
various E-GM A contents

6.16 Storage Modulus of PLA/mEVA (60/40 / ) blends at
various E-GMA contents

6.17 Loss Modulus of PLA/mEVA blends (90/10 [/ ) at
various E-GM A contents

6.18 Loss Modulus of PLA/mEVA blends (80/20 [ ) at
various E-GMA contents

6.19 Loss Modulus of PLA/mEVA blends (70/30 | ) at
various E-GMA contents

6.20 Loss Modulus of PLA/mEVA blends (60/40 [ ) at
various E-GMA contents

6.21 Tan Oof PLA/MEVA (90/10 / ) blends at various
E-GMA contents

6.22 Tan Oof PLA/MEVA (80/20 / ) blends at various
E-GMA contents

6.23 Tan Oof PLA/MEVA (70/30 [ ) blends at various

XXI

PAGE

93

93

94

96

96

97

97

98

98

99

99

100

100



FIGURE

6.24

6.25

6.26

6.27

6.28

6.29

6.30

6.31

6.32

6.33

6.34

6.35

6.36

E-GMA contents

Tan § of PLA/mEVA (60/40 / ) blends at various

E-GMA contents

SEM images of the fracture of the blend (a) PLA/mEVA
(70/30 1 ) blend (b) PLA/MEVA/E-GMAS5 phr blend (c)
PLA/ImMEVA/E-GMAZL0 phrblend (d) PLA/mMEVA/E-GMA

15 phr blend

Young'smodulus of PLA/mEVA blends at various E-GMA
contents

Tensile strength of PLA/mEV A blends at various E-GMA
contents

Elongation at break of PLA/mEVA blends at various E-GMA
contents

MFI values of PLA/mEVA blends at various E-GM A contents
Weight loss of PLA/mEV A blends at various E-GM A contents
Reaction of-COOH and -OH groups of PLA with epoxy group
of T-GMA compatibilizer

Reaction of-OH groups of mEVA with epoxy group of
T-GMA compatibilizer

FTIR spectraof PLA/MEVA (70/30 / ) blends at various
T-GMA contents

TGA thermograms of PLA/mEVA (90/10 / ) blends at
various T-GMA contents

TGA thermograms of PLA/mEVA (80/20 [/ ) blends at
various T-GM A contents

TGA thermograms of PLA/mEVA (70/30 / ) blends at

XXI1

PAGE

101

101

103

104

105

105

106

107

109

110

111

114

115



6.37

various T-GM A contents

TGA thermograms of PLA/mEVA (60/40 / ) blends at

FIGURE

6.38

6.39

6.40

6.41

6.42

6.43

6.44

6.45

6.46

6.47

6.48

6.49

6.50

various T-GM A contents

DSC thermograms of PLA/mEV A (90/10 / ) blends at
various T-GMA contents

DSC thermograms of PLA/mEVA (80/20 / ) blends at
various T-GM A contents

DSC thermograms of PLA/mEV A (70/30 / ) blends at
various T-GM A contents

DSC thermograms of PLA/mEVA (60/40 [ ) blends at
various T-GM A contents

Storage Modulus of PLA/mEVA (90/10 / ) blends at
various T-GM A contents

Storage Modulus of PLA/mEVA (80/20 / ) blends at
various T-GM A contents

Storage Modulus of PLA/mEVA (70/30 / ) blends at
various T-GM A contents

Storage Modulus of PLA/ImEVA (60/40 [/ ) blends at
various T-GM A contents

Loss Modulus of PLA/MEVA blends (90/10 [/ ) at
various T-GM A contents

Loss Modulus of PLA/mEVA blends (80/20 / ) at
various T-GMA contents

Loss Modulus of PLA/ImEVA blends (70/30 [/ ) at
various T-GMA contents

Loss Modulus of PLA/mEVA blends (60/40 / ) at
various T-GMA contents

Tan Oof PLA/MEVA (90/10 / ) blends at various

XXm

115

PAGE

116

118

119

119

120

122

122

123

123

124

124

125

125



FIGURE

6.51

6.52

6.53

6.54

6.55

6.56

6.57

6.58

6.59
6.60

6.61

6.62

6.63

T-GMA contents

Tan50f PLA/MEVA (80/20 / ) blends atvarious
T-GM A contents

Tan Oof PLA/mEVA (70/30 / ) blends at various
T-GMA contents

Tan Oof PLA/mEVA (60/40 / ) blends atvarious
T-GMA contents

SEM images of the fracture ofthe blend (a) PLA/IMEVA
(70/30 /) blend (b) PLA/IMEVAIT-GMAD phr blend
(c) PLAIMEVAIT-GMA 10 phr blend (d) PLA/mEVA/
T-GMA 15 phr blend

Young'smodulus of PLA/mEV A blends at various
T-GMA contents

Tensile strength of PLA/mEV A Dblends at various

T-GMA contents

Elongation at break of PLA/mEV A hlends at various
T-GMA contents

MFI values of PLA/mEVA blends at various T-GMA
contents

Weight loss of PLA/mEV A blends at various T-GM A contents
Reaction of-O H groups of PLA with carboxylic group of
PE-AA compatibilizer |

Reaction of-OH group of mEVA with carboxylic group of
PE-AA compatibilizer

FTIR spectra of PLA/mEVA (70/30 / ) blends at various
PE-AA contents

TGA thermograms of PLA/mEVA (90/10 [ ) blends

at various PE-AA contents

XXiV

PAGE

126

126

127

127

129

130

131

131

132
133

135

136

137

139



FIGURE

6.64 TGA thermograms of PLA/mEVA (80/20
at various PE-AA contents

6.65 TGA thermograms of PLA/mEVA (70/30
at various PE-AA contents

6.66 TGA thermograms of PLA/mEVA (60/40
at various PE-AA contents

6.67 DSC thermograms of PLA/mEVA (90/10
at various PE-AA contents

6.68 DSC thermograms of PLA/mEV A (80/20
at various PE-AA contents

6.69 DSC thermograms of PLA/mEV A (70/30
at various PE-AA contents

6.70 DSC thermograms of PLA/mEVA (60/40
at various PE-AA contents

6.71 Storage Modulus of PLA/MEVA (90/10
at various PE-AA contents

6.72 Storage Modulus of PLA/mEVA (80/20
at various PE-AA contents

6.73 Storage Modulus of PLA/mEVA (70/30
at various PE-AA contents

6.74 Storage Modulus of PLA/mEV A (60/40
at various PE-AA contents

6.75 Loss Modulus of PLA/mEVA blends (90/10

various PE-AA contents

6.76 Loss Modulus of PLA/mEVA blends (80/20

various PE-AA contents

6.77 Loss Modulus of PLA/mEVA blends (70/30

various PE-AA contents

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

| ) blends

[ ) blends

| ) blends

[ ) blends

| ) at

[ ) at

[ ) at

XXV

PAGE

140

140

141

143

144

145

145

147

148

148

149

149

150

150



FIGURE

6.78

6.79

6.80

6.81

6.82

6.83

6.84

6.85

6.86

6.87

6.88

6.89

6.90

6.91

Loss Modulus of PLA/mEV A blends (60/40 [/ ) at

various PE-AA contents

Tan 8 of PLA/mEVA (90/10 / ) blends at various

PE-AA contents

Tan of PLA/mEVA (80/20 / ) blends at various

PE-AA contents

Tan 8 of PLA/mEVA (70/30 [ ) blends at various

PE-AA contents

Tan 8 of PLA/mEVA (60/40 [ ) blends at various

PE-AA contents

SEM images of the fracture of the blend (a) PLA/mEVA
(70/30 / ) blend (b) PLA/MEVA/PE-AAS phr blend
(c) PLAIMEVA/PE-AALO phrblend (d) PLA/IMEVA/

PE-AA 15 phr blends

Young'smodulus of PLA/mEVA blends at various

PE-AA contents

Tensile strength of PLA/mEV A blends at various

PE-AA contents

Elongation at break of PLA/mEV A blends at various

PE-AA contents

MFI values of PLA/mEVA blends at various PE-AA contents
Weight loss of PLA/mEV A blends at various PE-AA contents
Reaction of-COOH and “OH groups of PLA with oxazoline

group of Oxa compatibilizer

Reaction of “OH groups of mEV A with oxazoline group

of Oxa compatibilizer
FTIR spectra of PLA/ImEVA (70/30
Oxa contents

| ) blends at various

XXVi

PAGE

151

151

152

152

153

155
156
157
157
158
159
160

162

164



FIGURE

6.92

6.93

6.94

6.95

6.96

6.97

6.98

6.99

TGA thermograms of PLA/mEVA (90/10
at various Oxa contents
TGA thermograms of PLA/mEVA (80/20
at various Oxa contents
TGA thermograms of PLA/mEVA (70/30
at various Oxa contents
TGA thermograms of PLA/mEVA (60/40
at various Oxa contents
DSC thermograms of PLA/mEVA (90/10
at various Oxa contents
DSC thermograms of PLA/mEV A (80/20
at various Oxa contents
DSC thermograms of PLA/mEVA (70/30
at various Oxa contents
DSC thermograms of PLA/mEVA (60/40
at various Oxa contents

6.100 Storage Modulus of PLA/mEVA (90/10

at various Oxa contents

6.101 Storage Modulus of PLA/mEVA (80/20

at various Oxa contents

6.102 Storage Modulus of PLA/mEV A (70/30

at various Oxa contents

6.103 Storage Modulus of PLA/mEVA (60/40

6.104 Loss Modulus of PLA/mEVA blends (90/10

6.105 Loss Modulus of PLA/mEVA blends (80/20

at various Oxa contents

various Oxa contents

various Oxa contents

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

[ ) blends

| ) at

| ) at

XXV11

PAGE

166

167

167

168

170

171

171

172

174

174

175

175

176

176



XXV

FIGURE PAGE

6.106 Loss Modulus of PLA/mEVA blends (70/30 [ ) at

various Oxa contents 177
6.107 Loss Modulus of PLA/mEVA blends (60/40 / ) at

various Oxa contents 177
6.108 Tan Oof PLA/MEVA (90/10 / ) blends at various Oxa

Contents 178
6.109 Tan 50f PLA/MEVA (80/20 / ) blends at various Oxa

Contents 178
6.110 Tan 5of PLA/mEVA (70/30 [ ) blends at various Oxa

Contents 179
6.111 Tan 8 of PLA/MEV A (60/40 / ) blends at various Oxa

Contents 179

6.112SEM images of the fracture of the blend (a) PLA/mEVA
(70/30 /) blend (b) PLA/mEV A/ QOxa5phr blend (c)
PLA/mEVA/OxalO phrblend (d) PLA/IMEVA/Oxa 15

phrblend 181
6.113 Young’smodulus of PLA/mEVA blends at various Oxa

Contents 182
6.114 Tensile strength of PLA/mEV A blends at various Oxa

Contents 183
6.115 Elongation at break of PLA/mEV A blends at various

Oxa contents 183
6.L16MFI values of PLA/mEVA blends at various Oxa contents 184

6.117 Weight loss of PLA/mEV A blends at various Oxa contents 185



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



