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ABSTRACT

4172035063 : POLYMER SCIENCE PROGRAM
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Organically modified clays were synthesized via ion-exchange
reaction using a series of primary alkylamines and quaternary ammonium
salts as modifying agents. Atomic absorption spectroscopy, Fourier
transform infrared spectroscopy, thermogravimetric analysis, and X-ray
diffraction (XRD) were applied to verify the incorporation of modifying
agents into the structure of clay. Natural rubber (NR)/clay nanocomposites
were subsequently prepared by means of solution and melt techniques. The
XRD results showed that silicate layers could he exfoliated in the matrix of
NR and brought about the improvement in mechanical properties and cure
characteristics. Especially, composites prepared by the solution technique
showed better properties than those prepared by the melt counterpart.
Interestingly, the increases in tensile strength, modulus, and hardness of

composites were not significantly sacrificed by the loss of elongation at



(Preparation and Mechanical Properties of NR/Clay Nanocomposite)
51 ISBN 974-334-200-1

AAS, FTIR, TGA XRD

XRD 2



ACKNOWLEDGEMENTS

The author thanks the Petroleum and Petrochemical College,
Chulalongkom University, for financial support and facilities used in this
work. Thanks are due to the Rubber Research Institute of Thailand for
generously providing chemicals and permitting the author to use their testing
machines. His special gratitude is offered to Dr. Rathanawan Magaraphan
and Dr. Pitt Suphapol for their valuable discussions and suggestions on his
work. In addition, he would also like to thank Mr. John . Ellis for his

recommendations on this thesis,



CHAPTER
I

TABLE OF CONTENTS

PAGE

Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V
Table of contents Vi
ListofTables iX
Listof Figures Xi
Abbreviations Xiv
INTRODUCTION 1
LITERATURE SURVEY
2.1 Structure, Properties, and Applications of

Natural Rubber 3
2.2 Structure, Properties, and Applications of Clay 4
2.3 Polymeric Matrix Nanocom posite 6
EXPERIMENTAL SECTION
3.1 Materials 9
3.2 Equipment 10

3.2.1 Atomic Absoption Spectroscopy (AAS) 10

3.2.2 Fourier Transform Infrared Spectroscopy (FTIR) 10
3.2.3 Thermogravimetric Analysis (TGA) 10
3.2.4 X-ray Diffraction (XRD) 10



CHAPTER

3.2.5 Two-roll mill

3.2.6 Rheometer

3.2.7 Compression Molding Machine

3.2.8 Tensile Properties and Hardness

3.3 Methodology

3.3.1 Preparation of Organically M odified
Montmorillonite

3.3.2 Preparation of NR/Clay Nanocomposite
3.3.2.1 MeltTechnique

3.3.2.2 Solution Technigue

v RESULTS AND DISCUSSION
4.1 Characterization of Organically M odified
Montmorillonites
41.1 AAS
4.1.2 FTIR
413 TGA
4.1.4 XRD
4.2 Characterization ofNR/Clay composites
4.3 Cure Characteristics ofNR/Clay composites

4.4 Tensile Properties ofNR/Clay composites

v CONCLUSIONS

REFERENCES

vil

PAGE

11
11
11
11
11

11
12
12
12

17
17
18
20
21
24
28
29

34

35



VIl

CHAPTER vage
APPENDICES

Appendix A 38

Appendix B 39

Appendix C 4

Appendix D 46

CURRICULUM VITAE 51



TABLE

2.1
2.2
4.1
4.2
4.3
4.4
Ci

C2

C3

C4

C5

Co

C7

LIST OF TABLES

Composition of raw NR

Ideal formulas of smectite clays

Na+exchanged percentage using different modifying agents
Thermal degradation temperatures of modifying agent and
organically modified MM T

Basal spacings oforganically modified MMT

Cure characteristics of NR/clay composites

Tensile strength testing data of organically modified
MMTINR composites prepared by solution technique
Tensile strength testing data of organically modified
MMTINR composites prepared by melttechnique
Tensile strength testing data of organically modified
MMTINR composites prepared by solution technique
as a funtion ofclay loading

Tensile strength testing data of organically modified
MMTINR composites prepared by melt technique

as a funtion ofclay loading

Elongation-at-break testing data of organically modified
MMTINR composites prepared by solution technique
Elongation-at-break testing data of organically modified
MMTINR composites prepared by melt technique

300 % Modulus testing data oforganically modified

MMTINR composites prepared by solution technique

PAGE

17

21

23

217

41

41

42

42

43

43

44



TABLE

C8

C9

Cl0

300 % Modulus testing data of organically modified
MMT/NR composites prepared by melttechnigue
Shore hardness data of organically modified MMT/NR
composites prepared by solution technique

Shore hardness data of organically modified MM T/NR

composites prepared by melt technique

PAGE

44

45

45



LIST OF FIGURES

FIGURE

2.1 Structure ofthe cis-1.4-isoprene unit

2.2 Structure of the layered silicate

2.3 Typesofpolymer-layered-silicate composites:
(a) conventional composite, (b) intercalated nanocomposite,
(¢c) exfoliated nanocomposite

3.1 Chemical structures of modifying agents

3.2 Flow diagram oforganically-modified-M M T preparation

3.3 Flow diagram of NR/clay composite prepared by melt
technigue

3.4 Flow diagram ofNR /clay composite prepared by solution
technigue

4.1 FTIR spectra of modifying agents: (a) DO, (b) TET,
(¢) HEX. (d) OC, (¢) HEXT, (0 OCT

4.2 FTIR spectraof (a) Na-MMT, (b)) DO-MMT, (¢) TET-MMT,
() HEX-MMT, () OC-MMT, (0 FIEXT-MMT,
(J)) OTDEC-MMT

43 TGA thermogramsof(a) DO, (b) DO-MMT, (¢c) Na-MMT

4.4 XRD spectraof(a) Na-MMT, (b)DO-MMT, (¢) TET-MMT,
(d) HEX-MMT, (e) OC-MMT

45 XRD spectraof (a) Na-MMT. (b) IIEXT-MMT,

(c) OCT-MMT

Xi

PAGE

14

15

16

18

19

20

22

22



FIGURE PAGE

4.6 XRD spectraof7 phr NR-Clay composites prepared by solution
technigue (a) pure NR. (b) Na-MMTINR, (¢c) DO-MMTINR,
(d) TET-MMTINR, (¢) HEX-M M TINR, (ff OC-M M TINR,
() HEXT-MMTINR, (h)OCTDEC-MMTINR 24
4.7 XRD spectra of 7 phr NR/clay composites prepared by melt
technigue (a) pure NR, (b) Na-MMTI/NR, (¢c) DO-MMTINR,
(d) TET-MMTINR, (¢) HEX-M M TINR, (ff OC-MMTINR,
(§) HEXT-MM TINR, (h)OCT-MMTINR 25
4.8 XRD spectraof OC-M M TINR composites prepared by solution
technigue with clay loading of (a) 3 phr, (b) 7 phr, (¢) 10 phr 27
4.9 XRD spectraof OC-MMTI/NR composites prepared by melt
technigue with clay loading of (a) 3 phr, (b) 7 phr, (¢) 10 phr 217
4.10 Tensile strength of NR/clay com posites: (a) solution technique,
(b) melt technique 30
4,11 Hardness of NR/clay composites: (a) solution technbique,
(b) melt technique 30
4,12 300% Modulusof NR/clay composites: (a) solution technbique,
(b) melt technique 31
4.13 Elongation at break of NR/clay composites:
(a) solution technique, (b)melt technique 32
4.14 Tensile strength of OC-M M T/NR composites as a function
ofclay loading: (a) solution technique, (b) melt technique 33
Al Calibration curve ofstandard Na+solutions 38
Bl TGA thermograms of modifying agents: (a) DO, (b) TET,
(¢) HEX, (d) OC. (¢) HEXT, (fjoCT 39
B2 TGA thermograms ofprimary-alkylamine modified MM Ts:
() DO-MMT, (b)) TET-MMT, (c) HEX-MMT, (d) OC-MMT 39



FIGURE

B3

D1
D2
D3
D4
D5
D6
D7
D8

TGA thermograms of quaternary-ammonium-salt
modified MMTs

Torque-time-temperature relationship ofNR
Torque-time-temperature relationship ofNa-M M T/NR
Torque-time-temperature relationship ofDO-M M T/NR
Torque-time-temperature relationship of TET-M M T/NR
Torque-time-temperature relationship of HEX-M M T/NR
Torque-time-temperature relationship ofOC-M M T/NR
Torque-time-temperature relationship ofHEXT-M M T/NR

Torgue-time-temperature relationship ofOCT-M M TI/NR

X1

PAGE

40
47
47
48
48
49
49
50
50



MMT
Na-MMT
DO

TET
HEX
0C
HEXT
OCT
meq

N R

ABBREVIATIONS

Montmorillonite

Sodium montmorillonite

Dodecylamine

Tetradecylamine

Hexadecylamine

Octadecylamine

Hexadecyltrimethyl ammonium chloride
Octadecyltrimethyl ammonium bromide
Milliequivalent

Natural rubber



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



