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Pollution caused WMK% mqnw&able problem from all natural rubber
3 d n

industries. This problem has gver besWatlcally solved in Thailand. The main

objective of this research is ’Ior co ne\nts that cause mal-odor from natural
] rd Thai Rubber(STR) using headspace
technique to collect the vola 3 j téh@ation techniques for this study are gas
chromatography(GC) and gas £hroms 5 __ ] ' etry(GC/MS). Fifty one compounds in
the mal-odor were identified. Thg il ds found in natural rubber were aliphatic
compounds, volatile fatty acid (VF A)'.amiaro
discovered in all samples were ethyl-afiame penm:benz lhyd
as acetic acid, proplomi.'1 id, 1 : .........._.“..n i¢ric acid and valeric acid. Samples

having the strongest mal-gdor showed high am

mpounds. The major components of mal-odor

razine and volatile fatty acids such

components. Unlike other samples,

aromatic compounds wefoound as another major compone!als of mal-odor in the smoke rubber

samples. The odo -reducif #Substances used™ih this research were carbon black, chitosan,
odi

benzalkonium c Q mdglnﬁawﬂ Qﬂé@tﬂn and zeolite13X. These

substances were m{yed with rubber samples ( STR20 anASmokeS) in th tlo of 1.5 and 5.0 phr. by

two-roll %Wgﬁ ﬁﬁoﬁﬁymca‘rbm jﬂ}aﬁe&] ﬁﬁd that efficient odor-

reducing substances were chitosan, zeolitel ack

Program Petrochemistry and Polymer Science Student’s signature. .. Foma ""‘ .....
Field of study Petrochemistry and Polymer Science Advisor’s signature..... g) o -

Academic year 2001 Co-advisor’s signature. ./



ACKNOWLEDGEMENTS

I would like to acknowledge my heartfelt gratitude and appreciation to my advisor,

Dr.Vipavee P. Hoven, my co-advis r‘ . Dr.Yasuyuki Tanaka and Mrs.Umaporn
Sukmung, for their kind sup&& idance and generous encouragement

throughout the course of ? ér_ily grateful to the members of the
thesis committee for their and ti 16'to read the thesis.

Many thanks g ' Skcw . ee, for her assistance and suggestion. The
Analytical Chemistry DiVisi epartt ’ ce Service, the Rubber Research

Institute of Thailand and M f etrochemi and Polymer Science, Faculty of

I also w@uﬂ q n E\/ank t:eﬂﬁgl!)wmg I\Zs Pachareeya Suriyachai,
e R TG TSI Bt v o

contributed their assistance, suggestions, advice concerning the experimental techniques and

the encouragement during the period of this study.
Finally, I would like to express my deep gratitude to my family for their care, love,

inspiration, and endless encouragement throughout this entire study.



CONTENTS

ABSTRAGCT (I THALY. ... oo ccmmen sty s 644458 e ot 57 ssmenen
ABSTRACT (inEnglish)................cooooiiii
ACKNOWLEDGEMENTS. ..ottt

CHAPTER II THEORYTICA # ,f. REVIEW

2.1 Progress Made

X

2.2 Natural Rubbé

221 Tl-&hemlc

2.2.2 Comyiygition of NaturalgRubber............ccc v vvininninissinn

Fiindi ARy WE

a. Rubber Poamcle ..........................................

.....................

a

RIANEBURIINEINY-

c. Frey-Wyssling Particles.......

2.2.4 Chemical CompoSsition..................cc.covvviiiiieeieaennnn,

A Proteins..........cooiiiii

b. Lipids...................ooonll.

c. Inositols and Carbohydrates. .

d. Inorganic Constituents........

2.2.5 Physical Properties..................coooeviiiiiiiiiiiiiiiee,

2.3 The Process Used in Industry to Produce rubber

Page

iv

vi

vii

xii

O & O O

10

13
14



CONTENTS (continued)

2.3.1 Natural Rubber in Manufacturing..............................
. Dok BRI oo 5o s s 1 5 vumaeys 545 mmssoos 15 1 s

CHAPTER III EXPERIME _
3.1 Materials........... e /. 7 B
3.2 Chemicals:is “

3.3 Instrument a "l - A — R
3.4 Characterizatic of Mal-odor from Natural Ruﬂ ......................

3 Gas Chromato Eﬁphy/Mass Speetrometry..... % ...

&Jﬁcﬁlﬁfﬁﬂﬁ AT Ay

3.6 hechamcal TeSting........oooiitiiet i
3.6.1 Tensile Stress-Strain Properties(ASTM D412 DIE C).......
3.6.2 Hardness Properties (ASTM D2240)...........................
3.6.3 Specific Gravity Properties (ISO 2781).................c.....
3.7 Olfactometry TERHNPG. ..o ceeannsrn s cmmambd a60h 4S84 608 it 453

viii

Page

16

19
21
22
22
23
24
24
26

28
28
28



CONTENTS (continued)

CHAPTER IV RESULT AND DICUSSION

4.1 Characterization of Mal-odor from Natural Rubber........... .
4.2 Reduction of Mal-0dor...............coovm
4.3 Mechanical Properties Te 11 7 I

AULINENINYINT
ARIANTAUNIINGIAE

ix



LIST OF TABLES

TABLE

2.1 Typical composition of fresh Hevea latex.................................

2.2 Lipid composition of Hevea brasilliensis latex of RRIM 501...........

Wbr ................................

CIRCAtION. ... coxuisrissoe

2.3 Some physical properties
2.4 International natur:

ceeees s .- cestens s SRR L TR R R IR

4.4 The components/of mal-odor from Smoke5 as idmtiﬁed by

GCMSﬂuﬁfjwﬂﬂ%’wﬂqﬂi ..............

4.5 The components of mal-odor gom natural rubber ........................
1 RFRRIHHRYN AR R)
STR 20. Methyl valarate was added as an internal standard.............
4.7 Peak areas and their percentages of the volatile component from
STR 20. Methyl valarate was added as an internal standard.............
4.8 The peak area of volatile mal-odor components from STR20 mixed

with odor-reducing substances ( retention time 0of 0.994)................

12

14

17

18

20

3%

39

44

47

56

58

64

65



LIST OF TABLES (continued)

TABLE Page

4.9 The peak area of volatile mal-odor components from STR20 mixed

mixed with odor-reduciag substa: ces (retentior time 0f 0.928)...... 69
mixed with odof-regici inces ( rete e of 6.426)....... 70

substances......... W P¥rder MR 71

4.13 Ofactometry test of

substances.............. o LR 71

4.14 The standardfoimulas-of compound-rubbe = S 42
LV 4
4.15 The mechamcaErope ............... 73

4.16 The meﬁaﬁ {Iﬁnﬁ %IW%AWEF ,] ﬁ ﬁ .............. 77
A AININURIINA Y



LIST OF FIGURES

FIGURE
2ol SSOMIETIOTINND io00s suststoce srasnat e sa s es  ORSsn A S RS AR
2.2 Presumed structure of natural rubber.....................................
2.3 Stepwise production of nat ”/ e e R
2.4 Tapping process.......! ... . /

2.5 Cyclodextrin CV A —
2.6 Molecular structlire i 7 tos: N e TR

3.1 Schematic diagra pe 1y N

4.1 The GC chromafo : \ \ »onents of cup

4.4 The mﬁﬂrﬁﬁgw W%{W gﬁty acids......

he GC ¢hromatogram of VOl%tlle mal-odor components of STR20...

6 %Wﬂﬂ@ﬂw BT bt &

.........................................................................

4.7 The GC/MS chromatogram of volatile mal-odor components of

liquid sample from cup lumps...........................

4.8 The GC chromatogram of volatile mal-odor components of

15

16

22

23

24

34

38

38

40

40

43

43

45

45



xiii

LIST OF FIGURES (continued)

FIGURE Page
4.9 The GC/MS chromatogram of volatile mal-odor components of

DB epunaios stnon vensiss vt aus st it e 46

4.10 The GC chromatogram of vo Wodor components of

STRSL.......cevnn =g ‘/‘./’ ........................... 46

 —
4.11 The GC/MS chro or components of
STRSL......... - Y 7- e T TTTORR 47
4.12 The GC chro ‘
STRS.......... #&, & TN W 0N e SR 49
4.13 The GC/MS ¢ II 3\ components of
STRS.................. 3 T W 49

4.14 The GC chromatograrnx },E;f odor components of STR10. 50

4.15 The GC/MS ;; oSt i-O VO tatie- "—;d ponents of

STRIO......... ... &< 50
RGP h 120 ek i e
4-17%;%&%%%@%%%&’ g

4.18 The GC chromatogram of volatile mal-odor components of Smoke2 52
4.19 The GC/MS chromatogram of volatile mal-odor components of
DT, s .5 3mn 15 50 15 18 05 3  BEYSF0 5 5190E 73 22§ BT £ 32 e 53

4.20 The GC chromatogram of volatile mal-odor components of Smoke3 53



LIST OF FIGURES (continued)

FIGURE

4.21 The GC/MS chromatogram of volatile mal-odor components of

characterized Y56 e
4.27 The quantity of ﬁ)r co

characterized by GCan. ... &

e UL AN HEID3
Wﬂoﬂ‘iﬁd HRIINYINY-

4.29 The"quantity of odor components no.8-14 from Smoke3 as
characterized by GC.....................................
4.30 The quantity of mal-odor from STR20 mixed with odor-reducing

substances as characterized by GC by comparing retention time of

Xiv

Page

54

54

33

55

56

61

62

62

63

66



LIST OF FIGURES (continued)

FIGURE

4.31 The quantity of mal-odor from STR20 mixed with odor-reducing
substances as characterized by GC by comparing retention time of

ST N — L ———————

4.32 The quantity of mal-odor from Smoké5#fixed with odor-reducin
substances as characterizec C by retention time of
4.33 The quantity odor-reducing

substances as g retention time of

4.36 The hardness ofco ooci: STRZG = S
Vi |
4.37 The specific gravity of comg pber: STR20..................

4.38 The stress at 300% fiodulus of co i.\nded rubber: STR20........
4.39 The te@y glog moﬂdnu nml:lﬂ ‘j .............
' ““’o'l"W‘“I 3 ﬂ“?ﬁﬁ“ﬁd‘ﬁ‘ﬁ"?ﬂ’ﬁ‘lﬂ Ny

4.41 The hardness of compounded rubber: Smoke5........................
4.42 The specific gravity of compounded rubber: Smoke5.................

4.43 The stress at 300% modulus of compounded rubber: Smoke.........

XV

Page

67

69

74
74
75

75



ABBREVIATIONS

NR = Natural rubber
GC = Gas chromatography
GC/MS = atography/Mass spectrometry

andard Organization

ASTM = arican Society for Testing and Materials
RNA = Ribo e cl :‘"’q

\\

RSS
STR
USS
CDs

CGTase

DPNR m einiz atural rubber

Ui,
Q"W'] mmmmm‘aﬁm %

Polyethylene glycol
SDS = Sodium dodecyl sulphate
. = Degree Celcius
MPa = Mega Pascal
mL = Milliliter

Sp.Gr. = Specific Gravity
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phr = Part per hundred
Min = Minute

VFA = Volatile fatty acid
CB = Carbon black
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