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ABSTRACT
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Polypyrrole (PPy) is known to be a good conductive polymer; however, its
processability is relatively poor due to its brittleness and high cohesive strength.
Admicellar polymerization is based on the use of a surfactant template and has been
shown to successively form fine coating on solid substrates. In this work, a soft
polymer substrate was used, i.e. natural rubber latex particles. The amount of PPy
coated onto the latex particles was varied from 0.1-5wt%. The particles were mixed
with polypyrrole at various concentrations 10-90 wt% and their blends were
characterized for morphology, mechanical and thermal properties as well as the
coated particles. No residue of free pyrrole monomer was observed. The thermal
resistance of the admicellar PPy coated latices increased with PPy content. However,
the thermal resistance of PPy/admicellar PPy coated latices blends showed an inverse
trend, 1.e. a lower degradation temperature than those of the pure components. The
best properties were obtained for the one made with a salt addition. Tensile
properties of the coated latices were better with added PPy. Rheological tests showed
that the new PPy composites were processable having moderate viscosity and
elasticity. The morphology of the coated latex and its blends were investigated using
optical microscopy. A thin coverage of PPy on the substrate was observed with good
distribution.



(Characterization of Polypyrrole Coated
Latex Particles by Admicellar Polymerization) .
3 L , 70 ISBN 974-13-1598-4

0.1-5% 10-
90% , ,



ACKNOWLEDGEMENTS

The author gratefully acknowledges the Rubber Research Institute for
natural rubber latex support. The Development Grant for New Faculty/Researchers
from the Petroleum and Petrochemical College, Chulalongkom University is kindly
acknowledged for an in part of financial support.

She would like to thank Asst. Prof. Rathanawan Magaraphan, the Petroleum
and Petrochemical College, Chulalongkom University and Prof. Edgar A. O’Rear,
in, School of Chemical Engineering and Materials Science, University of Oklahoma,
U.SA. for their constructive criticism, very useful suggestions, and proof-reading of
this thesis work. She also appreciates the efforts of her research committees, Assoc.
Prof. Anuvat Sirivat and Asst. Prof. Nantaya Yanumet for their proof-reading of this
thesis hook.,

She would like to give a special thank to ¢.p.0. Poon Aljpru, the electrical
technician at the Petroleum and Petrochemical College, Chulalongkom University
for helping in designing and fabricating of probes and devices for conductivity
measurement.

The author also thanks all of her friends and staffs at this college for a
strong encouragement. Lastly, her family is an important source of her inspiration,
she would really like to acknowledge.



TABLE OF CONTENTS

Title Page

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

List of Figures

CHAPTER
I INTRODUCTION
1.1 Theoretical Background
1.1.1 Natural Rubber Latex
1.1.2 Polypyrrole
1.1.3 Admicellar Polymerization

| LITERATURE SURVEY

HI  EXPERIMENTAL

31 Materials

3.2 Equipment

3.3 Methodology
331 Particle Size Measurement
3.3.2 Dry Rubber Content Measurement
3.3.3 Polymerization of Pyrrole onto Latex Particles
3.3.4 Morphological Study
3.35 Thermal Properties Measurement
3.3.6 Fourier-Transform Infrared Spectroscopy of

Admicelled NR Latex

3.3.7 Rheological Properties Measurement

14
14
14
15

15
15
17
17
17

17



CHAPTER

3.3.8 Mechanical Properties Measurement
3.3.9 Conductivity Measurement

RESULTS AND DISCUSSION

4.1 Particle Size Distribution of NR Latex
4.2 Admicelled Latex Films and Composites
4.3 Optical Microscopy

4.4 Scanning Electron Microscopy

45 Thermogravimetric Analysis

4.6 FT-ER Results

4.7 Rheological Measurement

4.8 Mechanical Properties Measurement
4.9 Conductivity Measurement

CONCLUSIONS AND RECOMMENDATIONS
REFERENCES

APPENDICES

Appendix A Adsorption isotherms of SDS on latex particle
at various pyrrole concentrations

Appendix B Raw data of mean diameters from centrifuged
NR latex

Appendix ¢ DTGA thermograms ofPPy under different
atmosphere

Appendix D Admicelled latex recipe

Appendix E Linear viscoelastic regime of admicelled latices

Appendix F Calculation oftensile properties

CURRICULUM VITAE

Vii

PAGE

18
18

19
19
19
20
24
28
32
34
37
41

43

4

51
ol

52
53
o4
o1
61

10



TABLE

11
31
41
4.2

43

44

B-I
D-l
D-2
D-3
F-I

LIST OF TABLES

Typical composition of the Hevea latex

Concentration of each substance in different mixtures
Colloidal stability of the coated latices after polymerization
Thermogravimetric results of various concentrations of pyrrole
on admicellar polymerization of NR latex

Tensile properties of admicelled latex at various concentrations
of pyrrole

Surface resistivity and conductivity ( ) of the admicelled latices
at various pyrrole concentrations

Mean diameters of centrifuged NR latex

Ingredients of the admicelled latices

Calculation of pyrrole content in the admicelled latices in gram
weight composition (  t%) of PPy mixed with admicelled latex
Raw data of tensile properties measurement

PAGE

16
23
29

41

42

52
54
5
55
62



LIST OF FIGURES

FIGURE

11 Structural formula of cis-1,4-polyisoprene in natural rubber

12 Schematic representation of thin film formation step

4.1 Histogram of particle size distribution of NR latex particles

4.2  Optical micrographs of NR, N1, and N2-1 at various
concentrations of pyrrole

4.3 Optical micrographs 0fN2-2, N2-3, and N2-4

4.4 Optical micrographs 0fN3-1, N3-2, and N3-3

4.5 Scanning electron micrograph ofPPy powder prepared from
oxidative polymerization

4.6 Scanning electron micrographs 0f N2-2, N3-1, and N3-2 by two-step
polymerization

4.7 Scanning electron micrographs ofPPy coated latex particles by
two-step polymerization

48 Thermograms ofthe admicelled coated latex particles at
various concentrations of pyrrole

49 DTGA thermograms of admicelled latex films withoutsalt addition

410 DTGA thermograms of admicelled latex films with salt addition

411 DTGA thermograms of admicelled latex obtained by
two-step polymerization

412 FT-IR spectra of pure NR latex film, SDS, and Ctrl. 1

413 FT-IR spectra ofPPy

414 FT-IR spectra of admicelled latex film

415 Storage moduli of admicelled latex films at various
concentrations of pyrrole

416 Loss moduli of admicelled latex films at various
concentrations of pyrrole

4,17 Tan 8 of admicelled latex films at various concentrations of

pyrrole

30
3l
3l

32
33
33
3
36

36



FIGURE PAGE

418 Complex viscosity of admicelled latex films at various 37
concentrations of pyrrole

4,19 Column graphs represent %extension at break of different 3
admicelled latex samples

420 Column graphs represent tensile modulus of different 39
admicelled latex samples

421 Column graphs represent 50% secant modulus of different 39
admicelled latex samples

4,22 Column graphs represent tensile strength of different 40

admicelled latex samples
A-l  Adsorption isotherms of SDS on latex particle at various pyrrole bl

concentrations
C-l  DTGA thermograms ofPPy under different atmospheres 53
E-1 Linear viscoelastic regime of NR latex at 70°c b7
E-2 Linear viscoelastic regime of N1 at 70°c b7
E-3  Linear viscoelastic regime ofN2-1 at 70°c 58
E-4  Linear viscoelastic regime ofN2-2 at 70°c 58
E-5 Linear viscoelastic regime of N2-3 at 70°c 59
E-6  Linear viscoelastic regime of N2-4 at 70°c 59
E-7  Linear viscoelastic regime of N3-1 at 70°c 60
E-8 Linear viscoelastic regime of N3-2 at 70°c 60

E-O Linear viscoelastic regime 0fN3-3 at 70°c 61



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



