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ABSTRACT

4272007063 : POLYMER SCIENCE PROGRAM
Dujdao Preechawong: Preparation and characterization of 
starch-based composite foams. Thesis Advisors: Assoc. Prof. 
David c  Martin, Dr. Ratana Rujiravanit, and Dr. Pitt Supaphol, 
120 pp ISBN 974-13-0734-9

Keywords: Starch foams/ Composite foams/ Starch/ Poly(vinyl alcohol)/
Poly(lactic acid)/ Polycaprolactone

Starch-based composite foams were prepared by baking a mixture of starch 
and a synthetic biodegradable polymer (i.e., poly(vinyl alcohol), poly(lactic acid), 
and poly(e-caprolactone)) in a hot mold. This process can be used to prepare a thin- 
walled object, such as a plate. Scanning electron micrographs of the cross-sectional 
view of the foams showed that the cellular size is very dense in the outer layer and 
less dense in the inner layer. The effects of relative humidity, storage time, the 
presence of synthetic biodegradable polymers, and the presence of plasticizers (i.e., 
glycerol, urea, and ammonium chloride) on tensile and flexural properties were 
investigated. For all formulations, the amount of relative humidity which gave the 
maximum value of the ultimate strength of the foams was 42%, while the storage 
time which gave the maximum value of the ultimate strength of the foams was 2 days 
(only tested for a fixed relative humidity of 42%). Addition of the synthetic 
biodegradable polymers improved the ultimate strength and the elongation at break 
of the foams. Increasing the plasticizer contents increased the elongation at break at 
the expense of the ultimate strength. Water absorption and biodegradability of the 
foams were also studied. Increasing the synthetic biodegradable polymer contents 
increased the water resistivity of the foams. Enzymatic degradation tests showed that 
the foams were degraded by enzyme a-amylase.



V

ACKNOWLEDGEMENTS

I would like to thank the Petroleum and Petrochemical College, 
Chulalongkom University, where I has gained invaluable knowledge in 
Polymer Science program and for their kindness in providing her with a 
scholarship which enabled her to persue her master degree.

I would like to express my sincere gratitude to Assoc. Prof. David c. 
Martin, Dr. Ratana Rujiravanit, and Dr. Pitt Supaphol, for their guidance and 
encouragement during the course of this work.

I would like gives special thanks to the Siam Modified Starch Co., 
Ltd., East Asiatic Co., Ltd., and Coin Chemicals Co., Ltd. For the support of 
the raw materials and chemicals used throughout this work.

I would like to express the grateful appreciation to Mr. John พ . Ellis 
for providing technical knowledge and helpful suggestion. Special thanks are 
due also to all Petroleum and Petrochemical College’s staff.

Finally, I would like to thank my friends for their friendship, 
helpfulness, cheerfulness, suggestions, and encouragement. I am also greatly 
indebted to my parents for their support, understanding and patience during 
this pursuit.



TABLE OF CONTENTS

PAGE
Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V
Table of Contents vi
List of Tables ix
List of Figures xvi

CHAPTER
I INTRODUCTION 1

II LITERATURE SURVEY 17

II EXPÉRIMENTAL 24
3.1 Material 24

3.1.1 Biodegradable Polymer 24
3.1.2 Plasticizers 24
3.1.3 Additives 24
3.1.4 Diethyl Ether 25
3.1.5 Salts 25
3.1.6 Enzyme 25

3.2 Experimental Procedure 25
3.2.1 Preparation of Starch Composite Foams 25

3.2.1.1 Tapioca Starch Preparation 25
3.2.1.2 Preparation of Starch Batter 26

3.3 Humidity Testing 26



v il

CHAPTER PAGE
3.3 Mechanical Properties 27

3.3.1 Tensile Testing 27
3.3.2 Flexural Testing 27

3.4 Microstructure Charaterization 27
3.5 Moisture Determination 28
3.6 Water Absorption 28
3.7 Enzymatic Degradation 28

IV RESULTS AND DISCUSSION
4.1 Morphology 29
4.2 Moisture Content 31

4.2.1 Effect of Relative Humidity 32
4.2.2 Effect of Storage Time 34
4.2.3 Effect of Polymers 36
4.2.4 Effect of Plasticizers 37

4.3 Mechanical Properties 39
4.3.2 Tensile Properties 40

4.3.2.1 Effect of Relative Humidity 40
4.3.2.2 Effect of Storage Time 43
4.3.2.3 Effect of Polymers 46
4.3.2.4 Effect of Plasticizers 48

4.3.3 F lexural Properties 51
4.3.3.1 Effect of Relative Humidity 51
4.3.3.2 Effect of Storage Time 54
4.3.3.3 Effect of Polymers 57
4.3.3.4 Effect of Plasticizers 59

4.4 Water Absorption 61
4.5 Enzymatic Degradation 62



Vlll

CHAPTER PAGE

V CONCLUSIONS 64

REFERENCES 65

APPENDICES 68

CURRICULUM VITAE 114



IX

TABLE PAGE

1.1 Advantages and disadvantages of foamed versus
non-foamed plastics 5

1.2 Effect of starch type on mechanical properties
of films cast from aqueous solution 8

1.3 Physical properties of poly (vinyl alcohol) 10
1.4 Effect of stereochemistry and crystallinity on

mechanical properties of poly(lactic acid) 11
1.5 Physical properties of polycaprolactone 12
A1 Moisture content of starch foams as a function of

relative humidity 67
A2 Moisture content of starch-10% PVA composite

foams as a function of relative humidity 67
A3 Moisture content of starch-3 0% PVA composite

foams as a function of relative humidity 68
A4 Moisture content of starch-10% PL A composite

foams as a function of relative humidity 68
A5 Moisture content of starch-3 0% PL A composite

foams as a function of relative humidity 69
A6 Moisture content of starch-10% PCL composite

foams as a function of relative humidity 69
A7 Moisture content of starch-3 0% PCL composite

foams as a function of relative humidity 70
A8 Moisture content of starch foams as a function of

storage time 70

LIST OF TABLES



X

A9 Moisture content of starch-10% P VA composite
foams as a function of storage time 71

A10 Moisture content of starch-30% PVA composite
foams as a function of storage time 71

Al 1 Moisture content of starch-10% PL A composite
foams as a function of storage time 72

A12 Moisture content of starch-30% PL A composite
foams as a function of storage time 72

A13 Moisture content of starch-10% PCL composite
foams as a function of storage time 73

A 14 Moisture content of starch-30% PCL composite
foams as a function of storage time 73

B1 Tensile strength of starch foams as a function of
relative humidity 74

B2 Tensile strength of starch-10% PVA composite
foams as a function of relative humidity 74

B3 Tensile strength of starch-30% PVA composite
foams as a function of relative humidity 75

B4 Tensile strength of starch-10% PL A composite
foams as a function of relative humidity 75

B5 Tensile strength of starch-30% PLA composite
foams as a function of relative humidity 76

B6 Tensile strength of starch-10% PCL composite
foams as a function of relative humidity 76

B7 Tensile strength of starch-30% PCL composite
foams as a function of relative humidity 77

TABLE PAGE



XI

B8 Tensile strength of starch foams as a function
of storage time 77

B9 T ensile strength of starch-10% P VA composite
foams as a function of storage time 78

BIO Tensile strength of starch-3 0% PVA composite
foams as a function of storage time 78

B11 Tensile strength of starch-10% PLA composite
foams as a function of storage time 79

B12 Tensile strength of starch-3 0% PLA composite
foams as a function of storage time 79

B13 Tensile strength of starch-10% PCL composite
foams as a function of storage time 80

B14 Tensile strength of starch-30% PCL composite
foams as a function of storage time 80

B15 Tensile strength of starch foams containing glycerol
as a plasticizer 81

B16 Tensile strength of starch foams containing urea
as a plasticizer 81

B17 Tensile strength of starch foams containing
ammonium chloride as a plasticizer 82

c  1 Elongation at break of starch foams as a function
of relative humidity 83

C2 Elongation at break of starch-10% PVA
composite foams as a function of relative humidity 83

C3 Elongation at break of starch-30% PVA
composite foams as a function of relative humidity 84

TABLE PAGE



Xll

C4 Elongation at break of starch-10% PL A
composite foams as a function of relative humidity 84

C5 Elongation at break of starch-30% PLA
composite foams as a function of relative humidity 85

C6 Elongation at break of starch-10% PCL
composite foams as a function of relative humidity 85

C7 Elongation at break of starch-30% PCL
composite foams as a function of relative humidity 86

C8 Elongation at break of starch foams as a function
of storage time 86

C9 Elongation at break of starch-10% P VA
composite foams as a function of storage time 87

CIO Elongation at break of starch-30% PVA
composite foams as a function of storage time 87

c  11 Elongation at break of starch-10% PLA
composite foams as a function of storage time 88

C12 Elongation at break of starch-30% PLA
composite foams as a function of storage time 88

c  13 Elongation at break of starch-10% PCL
composite foams as a function of storage time 89

C14 Elongation at break of starch-30% PCL
composite foams as a function of storage time 89

C15 Elongation at break of starch foams containing
glycerol as a plasticizer 90

C16 Elongation at break of starch foams containing
urea as a plasticizer 90

TABLE PAGE



xm

C17 Elongation at break of starch foams containing
Ammonium chloride as a plasticizer 91

D1 Flexural strength of starch foams as a function
of relative humidity 92

D2 Flexural strength of starch-10% PVA
composite foams as a function of relative humidity 92

D3 Flexural strength of starch-30% PVA
composite foams as a function of relative humidity 93

D4 Flexural strength of starch-10% PLA
composite foams as a function of relative humidity 93

D5 Flexural strength of starch-30% PLA
composite foams as a function of relative humidity 94

D6 Flexural strength of starch-10% PCL
composite foams as a function of relative humidity 94

D7 Flexural strength of starch-30% PCL
composite foams as a function of relative humidity 95

D8 Flexural strength of starch foams as a function
of storage time 95

D9 Flexural strength of starch-10% PVA
composite foams as a function of storage time 96

DIO Flexural strength of starch-30% PVA
composite foams as a function of storage time 96

D ll Flexural strength of starch-10% PLA
composite foams as a function of storage time 97

D12 Flexural strength of starch-30% PLA
composite foams as a function of storage time 97

TABLE PAGE



XIV

D13 Flexural strength of starch-10% PCL
composite foams as a function of storage time 98

D14 Flexural strength of starch-30% PCL
composite foams as a function of storage time 98

D15 Flexural strength of starch foams containing
glycerol as a plasticizer 99

D16 Flexural strength of starch foams containing
urea as a plasticizer 99

D17 Flexural strength of starch foams containing
ammonium chloride as a plasticizer 100

El Maximum strain of starch foams as a function
of relative humidity 101

E2 Maximum strain of starch-10% PVA
composite foams as a function of relative humidity 101

E3 Maximum strain of starch-3 0% PVA
composite foams as a function of relative humidity 102

E4 Maximum strain of starch-10% PLA
composite foams as a function of relative humidity 102

E5 Maximum strain of starch-30% PLA
composite foams as a function of relative humidity 103

E6 Maximum strain of starch-10% PCL
composite foams as a function of relative humidity 103

E7 Maximum strain of starch-3 0% PCL
composite foams as a function of relative humidity 104

E8 Maximum strain of starch foams as a function
of storage time 104

TABLE PAGE



XV

E9 Maximum strain of starch-10% P VA
composite foams as a function of storage time 105

E10 Maximum strain of starch-30% PVA
composite foams as a function of storage time 105

E11 Maximum strain of starch-10% PL A
composite foams as a function of storage time 106

E12 Maximum strain of starch-3 0% PL A
composite foams as a function of storage time 106

E 13 Maximum strain of starch-10% PCL
composite foams as a function of storage time 107

E14 Maximum strain of starch-3 0% PCL
composite foams as a function of storage time 107

El 5 Maximum strain of starch foams containing
glycerol as a plasticizer 108

E16 Maximum strain of starch foams containing
urea as a plasticizer 108

El 7 Maximum strain of starch foams containing
ammonium chloride as a plasticizer 109

FI Water absorption of starch-based composite foams 110
G1 Weight loss of enzymatic degradation of

starch-based composite foams 111
HI Density of starch-based composite foams 112

TABLE PAGE



xvi

LIST OF FIGURES

FIGURE PAGE

1.1 Structure of amylose 7
1.2 Structure of amylopectin 7
1.3 Structure of poly(vinyl alcohol) 9
1.4 Structure of poly(lactic acid) 10
1.5 Structure of polycaprolactone 11
1.6 Types of flexural testing equipment 15
4.1 Scanning electron micrograph of cross sections of 

(A) starch foam, (B) starch-30% PVA,
(C) starch-30% PLA, and (D) starch-30% PCL. 30

4.2 Moisture contents of starch-based composite foams 
as a function of relative humidity at 25 °c for 7 days of 
(A) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 33

4.3 Moisture contents of starch-based composite foams 
as a function of storage time at 42% RH and 25°c of 
(A) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 35

4.4 Effect of polymers on moisture contents of starch-based
composite foams at 42% RH for 2 days. 36

4.5 Effect of plasticizers on moisture contents of starch-based
composite foams at 42% RH for 2 days. 37

4.6 Tensile strength of starch-based composite foams as 
a function of relative humidity at 25°c for 7 days of 
(A) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 41



XVI1

4.7 Elongation at break of starch-based composite foams as 
a function of relative humidity at 25°c for 7 days of
(B) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 42

4.8 Tensile strength of starch-based composite foams as 
a function of storage time at 42% RH and 25°c of 
(C) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 44

4.9 Elongation at break of starch-based composite foams as 
a function of relative humidity at 25°c for 7 days of
(D) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 45

4.10 Effect of polymers on tensile strength of starch-based
composite foams at 42% RH for 2 days. 46

4.11 Effect of polymers on elongation at break of starch-based
composite foams at 42% RH for 2 days. 47

4.12 Effect of plasticizers on tensile strength of starch-based
composite foams at 42% RH for 2 days. 48

4.13 Effect of plasticizers on elongation at break of starch-based
composite foams at 42% RH for 2 days. 49

4.14 Tensile strength of starch-based composite foams as 
a function of relative humidity at 25°c for 7 days of
(E) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 52

FIGURE PAGE



XV111

4.15 Maximum strain of starch-based composite foams as 
a function of relative humidity at 25°c for 7 days of
(F) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 53

4.16 Tensile strength of starch-based composite foams as 
a function of storage time at 42% RH and 25°c of
(G) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 55

4.17 Maximum strain of starch-based composite foams as 
a function of storage time at 42% RH and 25°c of
(H) Starch-PVA foams, (B) Starch-PLA foams, and
(C) Starch-PCL foams. 56

4.18 Effect of polymers on flexural strength of starch-based
composite foams at 42% RH for 2 days. 57

4.19 Effect of polymers on maximum strain of starch-based
composite foams at 42% RH for 2 days. 58

4.20 Effect of plasticizers on flexural strength of starch-based
composite foams at 42% RH for 2 days. 59

4.21 Effect of plasticizers on maximum strain of starch-based
composite foams at 42% RH for 2 days. 60

4.22 Water absorption of starch-based composite foams. 61
4.23 Enzymatic degradation of starch-based composite foams 

by a-amylase at 55°c.

FIGURE PAGE

62


	Cover (English) 

	Accepted 

	Abstract (Thai)

	Abstract (English)

	Acknowledgements
	Contents


