Abstract

CONTENTS

Acknowledgement

Contents
List of Figures

List of Tables

CHAPTER ONE: INTRODUCTION

1.1  History of Plastics

1.2 Plastic Usage

1.2.1

122

Malaysia

World

1.3 Plastic Waste

1.3.1

132

Malaysia

World

1.4 Objectives

CHAPTER TWO: LITERATURE REVIEW

2.1  Biodegradable Plastics

2441

2.12

2.13

214

2.1.5

2.1.6

Definition of Biodegradable Plastics
Types of Biodegradable Plastics
Plastics Application

Biodegradation Mechanisms
Characterisation of Degradation

Composting

2.2 Plastic Waste Management

221

Life-Cycle Engineering

20

23

27

29

30

31



2.3

24

2.2.2  Mechanical Recycling

223  Energy Recovery

2.2.4 Biological Recycling
Environmental Impact of Plastic

2.3.1  Plastics and Raw Materials

2.3.2  Plastics and Energy

2.3.3  Plastics and Production Effluents
2.3.4  Plastics and Waste

Relevance to Project

CHAPTER THREE: MATERIALS AND METHODS

3.1

32

33

34

Samples
Hydrolytic and Oxidative Exposure
Composting Exposure

Microbiological Exposure

CHAPTER FOUR: RESULTS AND DISCUSSION

4.1

42

4.3

44

Hydrolytic Exposure
Oxidative Exposure
Composting Exposure

Microbiological Exposure

CHAPTER FIVE: GENERAL DISCUSSION

CHAPTER SIX: CONCLUSION

REFERENCE

APPENDIX
ASTM D 6002-96
ASTM D 6003-96
ASTM G 22-76

vi

35

41

49

51

52

54

56

58

60

62

62

62

63

70

73

73

81

91

101

108

114

116

124



Figure 1.1
Figure 1.2

Figure 1.3

Figure 1.4

Figure 1.5

Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4

Figure 2.5

Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9

Figure 2.10

Figure 2.11
Figure 2.12
Figure 2.13
Figure 2.14

Figure 2.15

LIST OF FIGURES

Market segments in Malaysia in year 2000

Resin consumption and per capita consumption in Malaysia
Total consumption and per capita consumption in Western
Europe

Market segments in for plastics United States in year 2000
Total post-user plastics waste by sector, Western Europe
1999

Drivers of materials technology shifts

Natural carbon cycle

Polymer derived from corn feedstock

Biodegradation trigger mechanisms

Formation of carboxylic acids and esters in the oxidation of
polyethylene

Properties of the ideal degradable plastic

Techniques to determine polymer degradation

Life cycle engineering practices

Plastic waste management options

Cost balance for recovery of source separated household

plastic packaging and industrial waste

Eco-efficiency of plastics packaging waste

Influence of residue burn out

PCDD/F balance base case without additional plastics
PCDD/F balance with additional plastics

Degradation of materials ining C,H,0 ~

23
25

26
28
33
35

38

39
45
46
47

50



Figure 2.16

Figure 3.1

Figure 3.2

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Input of energetically valuable resources in the production of
polymers

Schematic drawing of the aerobic bioreactor

Schematic of the laboratory-scale composting system
Changes in mass of McD samples on exposure to thermal
hydrolytic conditions (60°) for various time periods

Changes in mass of LL samples on exposure to thermal
hydrolytic conditions (60°) for various time periods

Changes in mass of TDP samples on exposure to thermal
hydrolytic conditions (60°) for various time periods

Visual McD sample on exposure to thermal hydrolytic
conditions after 60 days

Visual LL sample on exposure to thermal hydrolytic
conditions after 60 days

Visual TDP sample on exposure to thermal hydrolytic
conditions after 60 days

Changes in functional group of McD sample on exposure to
thermal hydrolytic conditions after 60 days

Changes in functional group of LL sample on exposure to
thermal hydrolytic conditions after 60 days

Changes in functional group of TDP sample on exposure to
thermal hydrolytic conditions after 60 days

Changes in mass of McD samples on exposure to thermal
oxidative conditions (60°) for various time periods

Changes in mass of LL samples on exposure to thermal

oxidative conditions (60°) for various time periods

viii

54

67

638

73

74

74

75

75

76

77

77

78

82

82



Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Figure 4.17

Figure 4.18

Figure 4.19

Figure 4.20

Figure 4.21

Figure 4.22

Figure 4.23

Figure 4.24

Changes in mass of TDP samples on exposure to thermal
oxidative conditions (60°) for various time periods

Visual McD sample on exposure to thermal oxidative
conditions after 60 days

Visual LL sample on exposure to thermal oxidative
conditions after 60 days

Visual TDP sample on exposure to thermal oxidative
conditions after 60 days

Changes in functional group of McD on exposure to thermal
oxidative conditions after 60 days

Changes in functional group of LL sample on exposure to
thermal oxidative conditions after 60 days

Changes in functional group of TDP sample on exposure to
thermal oxidative conditions after 60 days

Changes in mass of McD sample on exposure to composting
conditions for various time periods

Changes in mass of LL sample on exposure to composting
conditions for various time periods

Changes in mass of TDP sample on exposure to composting
conditions for various time periods

Average pH and percentage moisture content of synthetic
compost mixture variations against time

Changes in functional group of McD sample on exposure to
composting conditions after 60 days

Changes in functional group of LL sample-on exposure to

composting conditions after 60 days

ix

83

84

84

85

87

87

88

91

92

92

93

95

95



Figure 4.25

Figure 4.26

Figure 4.27

Figure 4.28

Figure 4.29

Changes in functional group of TDP sample on exposure to
composting conditions after 60 days

Viability control of microbiological exposure

Inoculated pre-degraded polyethylene sample plate after 28
days of microbiological exposure

Inoculated LL plate after 28 days of microbiological
exposure

Uninoculated pre-degraded polyethylene sample plate after

28 days of microbiological exposure

96

103

104

104

105



Table 1.1

Table 1.2

Table 1.3

Table 1.4

Table 1.5

Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 2.5

Table 2.6

Table 2.7

Table 2.8

Table 2.9

Table 2.10

Table 2.11

LIST OF TABLES

Plastic consumption by industry sector in Western Europe

Total sales and captive use of selected plastics by major
markets in United States

Municipal solid waste composition in Kuala Lumpur and
Labuan (% weight)

Total solid waste and total plastic post-user waste in Western
Europe from 1997 to 1999

Increase of plastics components in United States MSW

Crop yields with and without mulching films

Calorific values plastics compared with conventional fuels
Energy values of common materials in MSW

Different feed conditions scenarios

Clean gas emissions during packaging co-combustion
Environmental impact of different recovery methods per tonne
of post-separated plastic waste

Composition of gaseous products from pyrolysis of mixed
plastics (Wt%)

Advantages and disadvantages of polymer waste management
options

Energy* requirements for the production of materials used in
packaging

Energy requirements for similar beverage containers

Air and water pollution associated with the production of

50,000 carrier bags

xi

20

41

42

44

44

48

49

51

55

56

58



Table 2.12

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Plastic contents in wastes from a few locations in Petaling Jaya,
Malaysia

Polymeric materials evaluated in the study

Urban municipal waste composition (% weight)

Synthetic MSW mixture used in this trial

Normal saline solution

Carbon free medium

Changes in percentage elongation at break point on exposure to
thermal hydrolytic conditions

Changes in percentage elongation at break point on exposure to
thermal oxidative conditions

Changes in percentage elongation at break point on for samples
exposed to composting environment after 45 days

Case studies on the biodegradability of EPI TDPATM plastics
according to data provided by EPI

Changes in mass on of pre-degraded polyethylene sample

exposed to i lation of Pseud aerugi after 28

days

Changes in pre-degraded polyethylene samples mass in
uninoculated plates after 28 days

Rating scheme based on visual assessment used by ISO 846 for

assessing fungal resistance of plastics

59

62

65

65

71

71

76

85

94

97

101

102

102



	BQU0006.TIF
	BQU0007.TIF
	BQU0008.TIF
	BQU0009.TIF
	BQU0010.TIF
	BQU0011.TIF
	BQU0012.TIF
	BQU0013.TIF

