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ABSTRACT
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Carboxymethyl chitin (CM-chitin), a water-soluble derivative of chitin, has
several interesting biological activities, leading to its potential use in biomedical
field, such as wound dressing application. However, CM-chitin film is rigid and
possesses poor mechanical properties. In order to improve flexibility of CM-chitin
film, it was blended with natural rubber latex obtained from Hevea brasiliensis since
natural rubber has high flexibility and elasticity. In this present study, CM-
chitin/deproteinized natural rubber blend was prepared before being fabricated into
film. The effect of the blend compositions on the chemical structure, morphology,
thermal stability and mechanical properties of the blend films was determined by FT-
IR, scanning electron microscope (SEM), thermogravimetric analyzer (TGA) and
universal testing machine, respective. In addition to the blend compositions, the
effects of crosslinking time with glutaraldehyde on the mechanical properties, degree
of swelling and weight loss of crosslinked blend films were also investigated.



. |
(Preparation and Characterization of CM-Chitin/Natural Rubber Blends)
' 69

1 (CM-Chitin)
(Natural rubber)

(Crosslinking)



ACKNOWLEDGEMENTS

This work would not have heen possible without the assistance of the
following individuals:

First and foremost, | gratefully appreciated the support by Assoc. Prof.
Ratana Rujiravanit, my advisors for providing invaluable knowledge, suggestions
and kind support throughout this research work.

| would like to express his thanks to Prof. Seiichi Tokura, my co-advisor.

| would like to thank Asst. Prof. Thanyalak Chaisuwan and Dr. Orathai
Pomsunthomtawee for being thesis committee. Their suggestions and comments are
very beneficial knowledge for me.

This thesis work is funded by the Petroleum and Petrochemical College, and
by the Center of Excellence on Petrochemical and Materials Technology, Thailand.

| would like to thank Surapon Foods Public Co., Ltd. (Thailand) for
supplying shrimp shells as raw material.

| greatly appreciate all PPC staffs, my Ratana’s seniors and my friends who
gave me support and encouragement.

Finally, 1 would like to express my gratitude to my family for their
understanding, encouragement and support for me throughout my life.



Vi

TABLE OF CONTENTS
PAGE
Title Page i
Abstract (in English) i
Abstract (in Thai) v
Acknowledgements v
Table of Contents Vi
List of Tables X
List of Figures Xi
CHAPTER
I INTRODUCTION 1
I LITERATURE REVIEW 3
2.1 CM-Chitin 3
2.2 Natural Rubber 3
2.3 Glycerol 4
2.4 Glutaraldehyde 4
1l METHODOLOGY 17
3.1 Materials and Chemicals 17
3.2 Methodology 17
3.2.1 Preparation of Chitin 17
3.2.2 Preparation of CM-Chitin 18
3.2.3 Preparation of Deproteinized Natural

Rubber 18

3.2.4 Preparation of CM-Chitin/Natural Rubber
Blend Films 18

3.2.5 Preparation of Plasticized
CM-Chitin/NaturalRubber Blend Films 19



CHAPTER

3.2.6 Crosslinking of Blend Films
3.3 Characterization
3.3.1 CHNS/O Analyzer
3.3.2 Viscosity Measurement
3.3.3 Fourier Transform Infrared Spectrometer
(FTIR)
3.3.4 Scanning Electron Microscope (SEM)
3.3.5 Mechanical Testing Machine
3.3.6 Thermogravimetric Analyzer (TGA)
3.3.7 UV-VIS Spectrophotometer
34 Water Absorption Properties

RESULTS AND DISCUSSION
41 Abstract
4.2 Introduction
4.3 Experimental
4.3.1 Materials and Chemicals
4.3.2 Preparation of Chitin
4.3.3 Preparation of CM-Chitin
4.3.4 Preparation of Deproteinized Natural
Rubber
435 Preparation of CM-Chitin/Natural Rubber
Blend Films
4.3.6 Preparation of Plasticized
CM-Chitin/Natural Rubber Blend Films
4.3.7 Crosslinking of Blend Films
4.3.8 Characterization and Analytical Methods
4.4 Results and Discussion
4.4.1 Characterization onGnitin

PAGE
19
19
19
20

20
20
il
2
2
il

23
23
24
25
25
25
25

26

Vil



CHAPTER
4.4.1.1 Degree of Deacetylation of Chitin
4.4.1.2 Degree of Substitutionof CM-Chitin
4.4.1.3 Molecular Weight of CM-Chitin
4.4.1.4 FT-IR Spectra of the CM-Chitin Film
and Chitin Film
4.4.1.5 Protein Content Analysis of Natural
Rubber Latex
442 Characterizations of CM-Chitin/Natural
Rubber Blend Films
4.4.2.1 FT-IR Spectra of the CM-Chitin/
Natural Rubber Blend ~ Films
4.4.2.2 The Morphology of the CM-Chitin/
Natural Rubber Blend ~ Films
4.4.2.3 The Mechanical Testing of the
CM-Chitin/Natural Rubber
Blend Films
44,24 The Thermogravimetric Analysis of
the CM-Chitin/Natural Rubber Blend
Films
44.3 Characterizations of Plasticized CM-Chitin/
Natural Rubber Blend Films
4.4.3.1 The Morphology of the Plasticized
CM-Chitin/Natural Rubber Blend
Films
4.4.3.2 The Mechanical Testing of the
CM-Chitin/Natural Rubber/Glycerol
Blend Films
4.4.4 Characterizations of Crosslinked CM-Chitin/
Natural Rubber/GlycerolBlend Films

VI

PAGE
28
29
29
29
30
30
30

32

36

3

3

3

40

41



CHAPTER PAGE
4.44.1 The Mechanical Testing of the

Crosslinked Blend Films 41
4.4.4.2 Degree of Swelling and Weight Loss
of Blend Films 43
45 Conclusion 45
4.6 Acknowledgements 45
4.7 References 46
V CONCLUSIONS AND RECOMMENDATIONS 13
REFERENCES 49
APPENDICES 53
Appendix A Carbon and Nitrogen Content 53
Appendix B Molecular Weight of CM-Chitin b4
Appendix ¢ Protein Content Analysis of Natural
Rubber Latex 56
Appendix D Average Diameter of Natural Rubber
Phase in Blend Films 58
Appendix E The Mechanical Testing of the
CM-Chitin/Natural Rubber Blend Films 59

Appendix F The Mechanical Testing of the
CM-Chitin/Natural Rubber /Glycerol
Blend Films 63
Appendix G The Mechanical Testing of the Crosslinked
CM-Chitin/Natural Rubber /Glycerol
Blend Films 65

CURRICULUM VITAE 69



TABLE

41
42

43

44

LIST OF TABLES

The percentage of protein removal

The tensile strength and the elongation at break of other
biomaterials

Degree of swelling and weight loss of CM-chitin/natural
rubber/glycerol, 80/20/10

(immersion in buffer pH 5.5 at 37 °c for 24 hr)

Degree of swelling and weight loss of CM-chitin/natural
rubber/glycerol, 100/0/10

(immersion in buffer pH 5.5 at 37 °c for 24 hr)

PAGE

30

43

41

45



LIST OF FIGURES

FIGURE

21
2.2
2.3
24

2.5

2.6
2.1
2.8

2.9
2.10
41

42
43

44

45

The structure of chitin.

The structure of carboxymethyl chitin,

The carboxymethylation of chitin,

Subcutaneous tissues with implantation: (a) CM-chitin and (b)
CM-chitosan.

Cytotoxicity test: (a) Representative plate showing the
antibacterial activity of CMC nanoparticles (A =5ml, B = 10
ml, ¢ = 15 ml of CMC nanoparticles of 3 mg/ml concentration)
and (b) Antibacterial activity of CMC nanoparticles (A = 5ml, B
= 10ml, ¢ = 15 ml of CMC nanoparticles of 3 mg/ml
concentration).

The structure of c«-I,4-polyisoprene.

SEM micrograph of natural rubber latex/chitosan blends.
Possible reactions among MA, polyamide 6 and natural rubber
that can take place during processing.

The structure of glycerol.

The structure of glutaraldehyde.

FT-IR spectrum of chitin,

FT-IR spectra of CM-chitin film and chitin film,

FT-IR spectra of CM-chitin/natural rubber blend films in
different ratio: 100/0, 90/10, 80/20, 70/30, 60/40, and 0/100.
SEM micrographs of surface of CM-chitin/natural rubber blend
films having different ratio: (a) 100/0, (b) 90/10, (c) 80/20, (d)
70/30, (e) 60/40, and (1) 0/100.

SEM micrographs of surface of toluene leaching
CM-chitin/natural rubber blend films having different ratio:

() 90710, (b) 80/20, (c) 70/30, and (d) 60/40.

X

PAGE

10

1

15
28
29

3

3

34



FIGURE

4.6 Average diameter of natural rubber phase in blend films.

47 SEM micrograph of crossectional area of CM-chitin/natural
rubber blend film having different ratio: (a) 90/10, (b) 80/20, (c)
70/30, and (d) 60/40.

48  Change in tensile strength and the percentage of elongation at
break of the CM-chitin/natural rubber blends as a function of
natural rubber content.

49  The thermogravimetric analysis of the CM-chitin/natural rubber
blend films having different ratios: (a) 100/0, (b) 90/ 10, (c)
80/20, (d) 70/30, () 60/40, and (f) 0/100.

4.10  SEM micrographs of surface of toluene leaching CM-chitin/
natural rubber/glycerol blend films having different ratios:

(a) 80/20/0, (b) 80/20/10, (c) 80720120, and (a) 80/20/30.

411  Change in tensile strength and the percentage of elongation at
break of the crosslinked CM-chitin/natural rubber/glycerol blend
films as a function of glycerol content.

4.12  Change in tensile strength and the percentage of elongation at
break of the CM-chitin/natural rubber/glycerol blend films as a
function of time of crosslinking.

413 Swelling model of crosslinking of CM-chitin chains.

Xii

PAGE
3

36

37

3

40

41

42
44



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



