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ABSTRACT
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Dipole moment of polar polymers arises from the orientation of the dipole in
the field direction and results in orientational polarization. However, there is no
dipolar alignment in non-polar polymers. To create the dipolar orientation in non-
polar polymers, the presence of defects such as void is necessary. In this study,
internal voids were created inside non-polar commodity plastics by two main
techniques: first, blowing agent (azodicarbonamide or ACA) compression molding
and second, the phase separation technique. The void size and porosity can be
controlled by varying blowing agent concentrations and polymer concentrations,
respectively. Subsequently, the internal void sizes and shapes were observed using
SEM and OM. The dielectric constant and the dielectric loss of voided films were
measured as a function of frequency range, 1kHz to 1 MHz, at room temperature in
different % porosities. The apparent dielectric constants of HDPE and pp were fitted
with the Serial model while those of PVC were fitted with the Rayleigh model,
indicating a 0-3 connectivity of polymerfair composites. Film stretching was
performed to study the effect of void shape on the dipole. As a result, stretched
voided films can enhance dielectric, piezoelectric and ferroelectric properties.
Consequently, the formation of internal voids can he proposed as an alternative
method to induce dipole in non-polar polymers.



(Induced Dipole in Non-Polar Polymers by Charges Trapping
Surface)
115

0-3
0-3



ACKNOWLEDGEMENTS

The author is grateful for the scholarship and funding of the thesis work
provided by the Petroleum and Petrochemical College, and by the National Center of
Excellence for Petroleum, Petrochemicals, and Advanced Materials, Thailand.

First of all, 1 would like to express my gratitude to my advisors, Asst. Prof.
Hathaikam Manuspiya and Prof. Amar . Bhalla in their best support, supervision
and good suggestion throughout this research. Also thank to all committee members,
Assoc. Prof. Rathanawan Magaraphan and Dr. Pitak Laoratanakul for taking time to
serve on the committee and their valuable comments on the thesis. | gratefully
acknowledge the help of Asst. Prof. Rattikom Yimnirun (Suranaree University of
Technology) and Dr. Naratip Vittayakom (King Mongkut's Institute of Technology
Ladkrabang) for their suggestion and endless kindness for the instrument support.

In addition, 1 would-like to take this opportunity to thank Thai Polyethylene
Co., Ltd. for providing the HDPE and pp resin, TPC Paste Resin Co., Ltd. for
providing the PVC resin and Usaco (Thailand) Co., Ltd. for providing the
Azodicarbonamide. My sincere thanks go to Ms. Korakot Gesmankit (TPC Paste
Resin Co., Ltd.) for her valuable guidance and useful suggestion on the processing of
PVC. Gratitude is also extended to National Metal and Materials Technology Center
(MTEC) for the electrical measurement and the MTEC staffs for providing useful
training and instrument support. Also thank Mr. Kittikun Kohpaiboon for his
suggestion, comment and encouragement.

Moreover, my special thank is expressed to the Petroleum and
Petrochemical College’s staff for their invaluable assistance and useful training.

Finally, I warmly thank to my family, and my friends in Hathaikam’s group
for their support, cheerfulness and encouragement during the studying in PPC.



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

CHAPTER
I INTRODUCTION

Il LITERATURE REVIEW

Il EXPERIMENTAL

18

IV EFFECT OF INTERNAL VOIDS ON INDUCED DIPOLE IN
HDPE AND pp FILMS BY BLOWING AGENT COMPRESSION

MOLDING

4.1 Abstract

4.2 Introduction

4.3 Experimental

4.4 Results and Discussion
45 Conclusions

4.6 Acknowledgements
4.7 References

25
25
25
26
28
56
57
o1



Vil

CHAPTER PAGE

V. EFFECT OF INTERNAL VOIDS ON INDUCED DIPOLE IN
PVC FILMS BY PHASE SEPARATION TECHNIQUE 60

5.1 Abstract 60
5.2 Introduction 60
5.3 Experimental 61
54 Results and Discussion 62
5.5 Conclusions 76
5.6 Acknowledgements 16
5.7 References I

VI EFFECT OF INTERNAL VOID SHAPES ON DIELECTRIC
BEHAVIORS OF VOIDED HDPE, VOIDED pp, AND

VOIDED PVC FILMS 19
6.1 Abstract 19
6.2 Introduction 79
6.3 Experimental 80
6.4 Results and Discussion 82
6.5 Conclusions 90
6.6 Acknowledgements 90
6.7 References 91
VIl CONCLUSIONS AND RECOMMENDATIONS 93
REFERENCES 95

CURRICULUM VITAE 115



TABLE

2.1
2.2
2.3
24
2.5
2.6
2.1
41
4.2
43
44
45

4.6

LIST OF TABLES

CHAPTER Il
The sign of the piezoelectric coefficients, d
Electrical properties in polymer materials
Principal properties of different types of polymers
Volume resistivities of various types of polymers
Dielectric constants of various types of polymers
Dissipation factors of various types of polymers
Arc resistances of various, types of polymers

CHAPTER IV
Average densities and porosities of dense and voided HDPE
films at various blowing agent concentrations
Average densities and porosities of dense and voided PP films at
various blowing agent concentrations
Average void diameters of dense and voided HDPE films at
various blowing agent concentrations
Average void diameters of dense and voided PP films at various
blowing agent concentrations
Average dielectric strengths of dense and voided HDPE films at
various blowing agent concentrations
Average dielectric strengths of dense and voided PP films at
various blowing agent concentrations

Al

PAGE

12
13
14
14
15

32

33

36

36

46

46



TABLE

47
4.8

49

51

5.2

5.3

54

6.1

6.2

Surface area of voids per sample area 1cm2

Piezoelectric coefficients of dense and voided HDPE films at
various blowing agent concentrations

Piezoelectric coefficients of dense and voided pp films at
various blowing agent concentrations

CHAPTERV
Average specific gravities and porosities of dense and voided
PVC films at various polymer concentrations
Average void diameters of voided PVC films at various blowing
agent concentrations
Average dielectric strengths of dense and voided PVC films at
various blowing agent concentrations
Piezoelectric coefficients of dense and voided PVC films

CHAPTER VI
Piezoelectric coefficients of unstretched and stretched of voided
HDPE, PP, and PVC films
Young’s modulus of unstretched and stretched of voided HDPE,
and PP

PAGE

55

56

56

66

67

/1
16

86

86



FIGURE

2.1
2.2
2.3
2.4
2.5

2.6

31

41

4.2

43

LIST OF FIGURES

CHAPTER II
Direct and converse piezoelectric effects.
Axis definition of piezo elements.
Density and elastic modulus of solid materials and foams.
Schematic hysteresis in dielectric displacement versus applied
voltage.
Schematic sketch and experimental data (obtained on pp
ferroelectrets) of piezoelectric da coefficient and elastic
stiffness Gs as function of the foam density.
Schematic depiction of the immersion precipitation process: p,
polymer; , solvent; NS, nonsolvent.

CHAPTER Il
The heater band equipment for stretching voided films,

CHAPTER IV
Images of HDPE films: (a) dense, (b) voided of 0.5 % ACA,
(c) voided of 1% ACA, (d) voided of 15 % ACA, (g) voided
0f2 % ACA, and (f) voided of 2.5 % ACA.
Images of pp films: (a) dense, (b) voided of 0.5 % ACA,
(c) voided of 1% ACA, (d) voided of 1.5 % ACA, and (g)
voided of 2 % ACA.
OM micrographs of voided HDPE films: (a) 0.5 % ACA, (b)
1% ACA, (c) 15% ACA, (d) 2 % ACA, and (¢) 2.5 % ACA.

PAGE

10

17

21

28

29

30



FIGURE
44
45
4.6
4.1
48

49
4.10

411
4.12
413
4.14
4.15

4.16

OM micrographs of voided pp films: (a) 0.5 % ACA, (b) 1%
ACA, (c) 15 % ACA, and (d) 2 % ACA.

Average densities of dense and voided HDPE films at various
blowing agent concentrations.

Porosities of voided HDPE films at various blowing agent
concentrations.

Average densities of dense and voided pp films at various
blowing agent concentrations,

Porosities of voided pp films at various blowing agent
concentrations.

Chemical structure of azodicarbonamide.

FT-IR spectra of pp films: (a) dense, (b) voided of 0.5% ACA,
(c) voided of 1% ACA, and (d) voided of 15 % ACA.

TGA thermograms of dense and voided HDPE films at various
blowing agent concentrations.

TGA thermograms of dense and voided pp films at various
blowing agent concentrations.

DSC graphs of crystallization temperatures of dense and
voided HDPE films at various blowing agent concentrations.
DSC graphs of melting temperatures of dense and voided
HDPE films at various blowing agent concentrations.

DSC graphs of crystallization temperatures of dense and

voided pp films at various blowing agent concentrations.

DSC graphs of melting temperatures of dense and voided pp
films at various blowing agent concentrations.

PAGE

3l

32

33

34

34
3

3

37

37

38

38

39

39



FIGURE

4.17

418

4.19

4.20

421

4.22

4.23

4.24

4.25

4.26

4.21

4.28

Flexural strength of dense and voided HDPE films at various
blowing agent concentrations.

Flexural modulus of dense and voided HDPE films at various
blowing agent concentrations.

Flexural strength of dense and voided pp films at various
blowing agent concentrations.

Flexural modulus of dense and voided HDPE films at various
blowing agent concentrations.

Young’s modulus of dense and voided HDPE films at various
blowing agent concentrations.

Tensile stress at break of dense and voided HDPE films at
various blowing agent concentrations.

Relative tensile strain at break of dense and voided HDPE

films at various blowing agent concentrations.

Young’s modulus of dense and voided pp films at various
blowing agent concentrations.

Tensile stress at break of dense and voided pp films at various
blowing agent concentrations.

Relative tensile strain at hreak of dense and voided pp films at
various blowing agent concentrations.

(a) Dielectric constant and (b) dielectric loss as a function of
frequency at room temperature of dense and voided HDPE
films.

(a) Dielectric constant and (b) dielectric loss as a function of
frequency at room temperature of dense and voided pp films.

X

PAGE

40

41

41

42

43

43

44

44

45

45

48



FIGURE

4.29

4.30

431

4.32

433

4.34

5.1

5.2

5.3

Dielectric constant and dielectric loss as a function of
temperatures at different frequencies of (a) and (b) dense
HDPE film, (c) and (d) voided HDPE film of 0.5 % ACA, and
(e) and (f) voided HDPE of 1% ACA.

Dielectric constant and dielectric loss as a function of
temperatures at different frequencies of (a) and (b) dense pp
film, (c) and (d) voided pp film of 0.5 % ACA, and () and (f)
voided pp film of 1% ACA.

OM micrographs of voided HDPE films of 1 % ACA at
different temperatures.

OM micrographs of voided pp films of 1% ACA at different
temperatures.

Correlation between the dielectric constant at 1 MHz and
porosity of voided HDPE films at room temperature as
calculated as according to different model.

Correlation hetween the dielectric constant at 1 MHz and
porosity of voided pp films at room temperature as calculated
as according to different model.

CHAPTER V

Images of PVC films: (a) dense, (b) voided by DMAc, and
(c) voided by THF.

SEM micrographs of cross-section of dense PVC films casted
from 14 wt% PVC.

SEM micrographs of cross-section of voided PVC films casted
from DMAc: (a) 8 wt % PVC, (b) 11 wt % PVC, and (c) 14 wt
% PVC.

X1l

PAGE

50

5l

52

52

54

o4

62

63

64



FIGURE

5.4

5.5

5.6

5.1

5.8

5.9

5.10

511

512

5.13

5.14

5.15

SEM micrographs of cross-section of voided PVC films casted
from THF: (a) 8wt % PVC, (b) 11 wt % PVC, and (c) 14 wt %
PVC.

The correlation between solvent solubility parameter and
porosity.

Average specific gravities of dense and voided. PVC films at
various polymer concentrations.

Porosities of voided PVC films at various polymer
concentrations.

TGA thermograms of dense and voided PVC films at various
polymer concentrations.

DSC graphs of glass transition temperatures .of dense and
voided PVC films at different polymer concentrations.

Young’s modulus of dense and voided PVC films at various
polymer concentrations.

Tensile stress at hreak of dense and voided PVC films at
various polymer concentrations.

Relative tensile strain at break of dense and voided pp films at
various blowing agent concentrations.

(a) Dielectric constant and (b) dielectric loss as a function of
frequency at room temperature of dense and voidedPVC films.
(a) Dielectric constant and (b) dielectric loss as a function of
temperatures at different frequencies of dense PVC film.

(a) Dielectric constant and (b) dielectric loss as a function of
temperatures at different frequencies of voided PVC film (14
wt% PVC).

XV

PAGE

65

65

66

67

68

69

10

10

1

12

14

14



FIGURE

5.16

6.1
6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

Correlation between the dielectric constant at 1 MHz and
porosity of voided PVC films at room temperature as
calculated as according to different model.

CHAPTER VI
The heater band equipment for stretching voided films.
OM micrographs of (a) unstretched, and (b) stretched of voided
HDPE films.
OM micrographs of (a) unstretched, and (b) stretched of voided
pp films.
OM micrographs of (a) unstretched, and (b) stretched of voided
PVC films.
(a) Dielectric constant and (b) dielectric loss as a function of
frequency at room temperature of unstretched and stretched
voided HDPE films.
(a) Dielectric constant and (b) dielectric loss as a function of
frequency at room temperature of unstretched and stretched
voided pp films.
(a) Dielectric constant and (b) dielectric loss as a function of
frequency at room temperature of unstretched and stretched
voided PVC films.
XRD diffractograms of voided PVC film: (a) stretched, and (b)
unstretched.
Comparative intensities in XRD diffractograms of unstretched,
and stretched voided PVC films at 20 = 16.5°, 20 = 18.5°, and
20 =24°,

PAGE

15

82

83

83

83

84

85

85

87

88



FIGURE

6.10

6.11

6.12

11

Comparative hysteresis loop of voided HDPE hetween:

(a) unstretched, and (b) stretched.

Comparative hysteresis loop of voided pp between:
(a) unstretched, and () stretched.

Comparative hysteresis loop of voided PVC between:
(a) unstretched, and (b) stretched.

CHAPTER VII

Correlation between the dielectric constant and density of
voided films at room temperature and frequency of 1 MHz.

PAGE

89

89

90

93



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



