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4 #4072397123:  PETROCHEMISTRY AND POLYMER SCIENCE
KEYWORD: MARKER DYE |
SIRIRAT CHANGMONGKOL: MARKER DYES FROM CASHEW
NUT SHELL EXTRACT AND ALKYLANILINES. THESIS ADVISOR;
ASSOCIATE PROFESSOR AMORN PETSOM, Ph.D. THESIS CO-
ADVISOR: ASSISTANT PROFESSOR TIRAYUT VILAIVAN, D.Phil.
115 pp. ISBN 974-333-997-3

This research aimed to study azo dye compounds preparing from the coupling
reactions of diazonium salts of aniline or alkylanilines with methyl salicylate, 2-ethyl-
1-hexyl salicylate or esterified cashew nut shell extract. The liquid azo dye compounds
prepared from 2-ethyl-1-hexyl salicylate and esterified cashew nut shell extract were
used as the novel marker dyes and subjected to gualitative and quantitative inspection
both in the field test and laboratory method. The synthesized marker dyes were mixed
at 1 to 5 parts-per-million concentrations in commercial diesel oil. For the field test,
the marked diesel oil was extracted with suitable solvent systems comprising with
ethylene glycol, methanol and bases. In the laboratory method, it was detected by
visible spectroscopic technique. The marked diesel oil would be kept to observe the
stability of the marker dye in diesel oil and it was found that all of marker dyes had

good stability in diesel oil for at least three months.

- - - - - A aa ) / 4
i Ulanedussingmanivefwnd  swilefefian  Ofns . Buaea.

- - ™ - ¢ - v a A vad
wangns _Tlonaduazinnmaninafiwaei MuleTenTintInw SR Lo~ .

P - |
HUmsfinwn 2842 wwilete;wndndinwiaw



CONTENTS

PAGE
ABTRACT IN THAL ..ot iieit e iaete e esanrsane s eraias s st s san e v
ABTRACT IN ENGLISH ... tctieninreiniitiincrr s ettt s \
ACKNOWLEDGEMENT . ... ciiittiet ittt ittt ssns s vi
CONTENT S et et a et et b ea e et s o m e s b s e e e e e vii
LIST OF TABLES. ... o it ot tiuttisitetenrenetiearnansase st s sttt et x
LIST OF FIGURES . .. ... oottt et oieaetieaessee e ins s aensesns st st sesse e xii
LIST OF SCHEME ... ..oiitiiieiieia i iataeainert st sa e rag s XVil
LIST OF ABBREVIATIONS. .. ... ittt iriiirne i insasasaen Xviit
CHAPTER
L INTRODUCTION . ....oiitiiiiioeieiinarsce e e annain e cssninancn s 1
TL THEORY ... ot ire ttieuiete e astiaer st es saa s ea s rsat s ne s s taisaeisses 3
2.1 The Marker Dyes.........coooviiiien s e 3
2.2 FSterifICRIION. ... veenereraesaneaenansannneitaen st aian e e s 4
23 DHAZOUZALION. . ..\ vrvirreetireiesee et nesraasses s arean e e nesaes 5
2.4 Couphing REACHON. .../ o iuirveeier st i s b e s 5
2 5 The Ultraviolet and Visible Absorption Spectrum..............oooee 6
2.6 EXtTACHION. ..o\ e st ae et et e e e e e 7
2.7 Literature REeVIEWS. ... .ooeirniri i e 8

2.8 Cashew Nut Shell Ligquid ..........coooeii 12



vii

PAGE
CHAPTER
L EXPERIMENT .. .. oot ireeicitbiseieenimeans s s sasans st 13

G 1 MALETIAL. ..o eee e eree s ran e e e 13

3.2 Instruments and APPATATUS. ......ooavrarrmrnrrrrris s 13

3.3 SYNRESES. ..oiiunsinnieres vearmmis s s s 14
4.3.1 Esterification of CNSL. .. ..o 14

3 3.2 Esterification of Salicylic ACid........o.oovivniiies 15

3.3.3 Preparation of Diazonium Salt.............. .......................... 16

3,3.4 Preparation of Phenolate Ions...........cooovivirmnnnimmrenns 16

3.3.5 Preparation of Marker DYes..........ooooovreimmmnenerneee 17

3 4 Acid reduction of Marker DY€s.........c..oovvoivrecomnrnses 18

3.5 Physical Properties of Marked and Unmarked Diesel Fuel Oil........ 18

3.6 Preparation of Concentrations of Marker Dyes 8 —12.................. 19

3.7 Extraction System for Detection of Marker Dyes in Fuel Oil...........20
3.8 Quantitative Analysis of Marker DYES ....c.ovviviiinrrninnerinninrnaens 21

3.9 Stability Test for Marker Dyes in Commercial High-speed

DHESEL Ol 1 oveeeieeee e e ettt ee e e e e R s 21

IV. RESULT AND DISCUSSION. ... oo iiniiiibanin et 22
4.1 Charactenistics of 2-Ethyl-1-hexyl salicylate..............cocovinnen 22
4.2 Properties of CNSL and Esterified-CNSL ... .ccccooiriiiiiiniiinn: 23
4.3 Characteristics of Marker Dyes...........ooooviii 25

4.1.1 Characteristics of Marker Dyes 1, 2,3 and 4. 27



ix

PAGE

CHAPTER
4.3.2 Characteristics of Marker Dyes 5, 6, 7and 8...................o.. 30
4.3.3 Characteristics of Marker Dyes 9, 10, 11 and 12.................... 33

4.4 Effect of Marker Dyes to Commercial High-Speed Diesel.............34
4 5 The Suitable Extraction Systems. ... 37

4.6 The Suitable Concentration of Marker Dyes in Commercial

High-Speed Diesel..........ccoooiiuinriin i 46
4.7 The Marker Dyes in Commercial Fuel Oil...................onn 47
4.8 Quantitative Analysis of Marker Dyes 5 —12.............ccoovennies 48

4.9 The Stability of Marker Dyes 5 — 12 from

Extraction with Selvent 1., . ..o 49

V. CONCLUSION. oottt it e et s it e s rs i r s s eaanes 51
REFERENCES ... ..o oiiiiiirsseessamssmssitamsunssssan s s sns s s sesseaasssasonssrs s 53
APPEND X . .. oottt et et ettt e et e et e .54



TABLE

3.1

32

33

34

3.5

4.1

42

43

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

4,12

4.13

LIST OF TABLES

PAGE
The ASTM testing methods of CNSL and esterified-CNSL................... 15
The MArKer AYES. .. ... oevvnieieaiin i 17
The ASTM testing method of marked and unmarked diesel fueloil........... 18
Preparation of stock solution and 1000 ppm of marker dyes 5—12............ 19
Preparation of concentration of marker dyes 3 —12...........ccovenirrnes 20
The FT-IR absorption band assignments of 2-ethyl-1-hexyl salicylate......... 22
The physical properties of CNSL and esterified-CNSL..............ocoooe 23
The FT-IR absorption band assignments of CNSL...... s esabananananen i ey 24
The ET-IR absorption band assignments of esterified-CNSL.................. 24
The marker dyes.......coooovviveiiiianne B e, 25
The FT-IR absorption band assignments of marker dye 1 —4................... 27

The “H-NMR chemical shift of methyl salicylate and marker dyes 1-4.......28
The *C NMR. chemical shifts of marker dye 1, marker dye 2, marker dye 3,
and Marker AYe 4........c.vviiiarnimminnn e 29
The FT-IR absorption band assignments of marker dyes 3 —8............... 30
The "H-NMR chemical shift assignments of 2-ethyl-1-hexyl salicylate and
marker dyes 5-8... .. . e 31
The *C NMR chemical shifts of 2-ethyl-1-hexyl salicylate, marker dye 3,
marker dye 6, marker dye 7, and marker dYe 8. oo 32
The FT-IR absorption band assignments of marker dye 9 —12................. 33

The effect of marker dye 5, 6, 7 and 8 to commercial high-speed diesel...... 35



TABLE

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

423

Xi

PAGE
The effect of marker dye 9, 10, 11 and ]2 to
commercial high-speed diesel.....................oi 36
The extraction SOIUtION SYSTEML ..., .. iuiuiiiree et 38
The solution systems for extraction of marker dyes 3—12...................... 39

The results of marker dyes 5-12 when were extracted with solvent 1-4 at ratio
L T O O O P PP PP PP P PR PTRTTRTIT I 40
The results of marker dyes 5-12 when were extracted with solvent 1-4 at ratio

23 T P P PSSP PP PP R PP R RER RSP RILE 42

The results of marker dyes 5-12 when were extracted with solvent 1-4 at ratio

o7 O O S S PP P PSP PP T PP PR RERRPTEPR TS 44
The suitable concentration of marker dyes 5-12..............ccoenn 46
Marker dye 5 (3 ppm) in commercial fuel 0il...........ocooo 47
The calibration of marker dyes S — 12 indieseloil ...............coooeeiiennn 438

Concentration monitoring of marker dyes 5 — 8 and marker dyes $ - 12 from

extraction with solvent 1



FIGURE

1-3

2-1

2-2

3-1

3-2

3-3

4-2
4-3
5-1
5-2
5-3
6-1
6-2
6-3

7-1

LIST OF FIGURES
PAGE
Color of marked diesel compared with unmarked dieset oil...37

Color of extracted phase (lower phase) of marked diesel

compared with unmarked dieset oil.............ccoooi 37
The FT-IR spectrum of 2-ethyl-1-hexyl salicylate.............. 55

The "H-NMR spectrum of 2-ethyl-1-hexyl salicylate........... 56

The *C-NMR spectrum of 2-ethyl-1-hexyl salicylate.......... 57

The FT-IR spectrum of CNSL........o....oiin 58
The *C-NMR spectrum of CNSL............cocevinniinnninn, 59
The FT-IR spectrum of esterified-CNSL...............c... oo 60
The 'H-NMR spectrum of esterified-CNSL...............c...... 61
The *C-NMR spectrum of esterified-CNSL....... SO 62
The FT-IR spectrum of markerdye 1....c........ccooooviiinnn 63
The 'H-NMR spectrum of marker dyel ......................... 64
The PC-NMR spectrum of marker dye 1..............ooooieenn 65
The FT-IR spectrum of marker dye2.......cco.ocoiinninnnn 66
The 'H-NMR spectrum of markerdye 2...........c.iooove 67
The *C-NMR spectrum of marker dye 2......... oo 68
The FT-IR spectrum of marker dye3...............oooeniieeinnnn 69
The "H-NMR spectrum of marker dye 3............ccccoiviennn 70
The *C-NMR spectrum of marker dye 3.........c..c..cooeneenn. 71

The FT-IR spectrum of markerdyed.............cooovviiinnenn 72



FIGURE

9-2

9-3

10-1

10-2

10-3

12-1

12-2

12-3

13-1

13-2

13-3

14-1

14-2

Xiii

PAGE
The 'H-NMR spectrum of markerdye4.....................ooo 73
The *C-NMR spectrum of marker dye 4.................c....os 74
The FT-IR spectrum of markerdye S.....................ooi 75
The '"H-NMR spectrum of marker dye 5.......................... 76
The *C-NMR spectrum of marker dye 5......... e 77
The FT-IR spectrum of markerdye 6.................c.oovveiine 78
The "H-NMR spectrum of markerdye &........................ 79
The *C-NMR spectrum of marker dye 6.......... s 80
The FT-IR spectrum of marker dye 7...................cooeeennn, 81
The 'H-NMR spectrum of marker dye 7........................0 82
The *C-NMR spectrum of marker dye 7.............c..cocoven 83
The FT-IR spectrum of marker dye 8...................oovvis 84
The 'H-NMR spectrum of marker dye 8.......... e 85
The “C-NMR spectrum of marker dye 8......................... 86
The FT-IR spectrum of markerdye 9.................ooveei 87
The '"H-NMR spectrum of marker dye 9........... R 88
The "C-NMR sbectrum of markerdye 9..........l 89
The FT-IR spectrum of marker dye 10............c 96
The '"H-NMR spectrum of marker dyé 100 91
| The *C-NMR spectrum of marker dye 10..........coeerrrennnn. 92
The FT-IR spectrum of marker dye 11............ I 93

The '"H-NMR spectrum of marker dye 11........................ 94 .



FIGURE

14-3

15-1

15-2

15-3

16-1

16-2

16-3

16-4

17-1

17-2

17-3

17-4

18-1

Xty

PAGE
The "*C-NMR spectrum of markerdye 11.................o e 95
The FT-IR spectrum of marker dye 12.................ccoeinen 96
The 'H-NMR spectrum of marker dye 12,..........c..oocveenn 97
The "*C-NMR spectrum of marker dye 12................ocones 98

Calibration curve of solvent 1 of marker dye 3 in high-speed
diesel Oi. . i e TR 99
Calibration curve of solvent 2 of marker dye 3 in high-speed
1Sl Ol oottt e e 99
Calibration curve of solvent 3 of marker dye 5 in high-speed
QiESEl O3l .. oo e e 100
Calibration curve of solvent 4 of marker dye 5 in high-speed
T | P O NP TP PR R TP PR PRPLRETT 100
Calibration curve of solvent 1 of marker dye 6 in high-speed
dieseloil...A.....................; ................................... 101
Calibration curve of solvent 2 of marker dye 6 iﬁ high-speed
diesel 01, .o e SUTIRUR 101
Calibration curve of solvent 3 of marker dye 6 in high-speed
diesel Oil... ...l 1.6N.CJ-.... 102
Calibration curve of solvent 4 of marker dye 6 in high-speed
ISl Ol .o ee et it e 102
Calibration curve of solvent 1 of marker dye 7 in high-speed

diesel OIl. ..o vt . 103



FIGURE

18-2

18-3

18-4

19-1

19-2

19-3

19-4

20-1

20-2

20-3

PAGE
Calibration curve of solvent 2 of marker dye 7 in high-speed
diesel oil
Calibration curve of solvent 3 of marker dye 7 in high-speed
diesel oil
Calibration curve of solvent 4 of marker dye 7 in high-speed
diesels@ilm™™ vt . b i s R e T 104.
Calibration curve of solvent | of marker dye 8 in high-speed
diesel oil
Calibration curve of solvent 2 of marker dye 8 in high-speed
FIESEL 011 ottt et e 105
Calibration curve of solvent 3 of marker dye 8 in high-speed
diesel 0fl,....ooviie e e 106
Calibration curve of solvent 4 of marker dye 8 in high-speed
diesel Ol or et ORI 106
Calibration curve of solvent 1 of marker dye 9 in high-speed
diesel oil
Calibration curve of solvent 2 of marker dye 9 in high-speed
diesel oil
Calibration curve of solvent 3 of marker dye 9 in high-speed
BT | PP PP T P PPN PTRTPRPRRY 108
Calibration curve of solvent 1 of marker dye 10 in high-speed

T o U S P IO 109



FIGURE

21-2

21-3

21-4

22-1

22-2

22-3

22-4

23-1

23-2

23-3

23-4

PAGE
Calibration curve of solvent 2 of marker dye 10 in high-speed
diesel Ol .. ...t 109
Calibration curve of solvent 3 of marker dye 10 in high-speed
diesel 01l ...ttt e 110
Calibration curve of solvent 4 of marker dye 10 in high-speed
diESEL ORli L. . et it et e e et 110
Calibration curve of solvent 1 of marker dye 11 in high-speed
diesel Ofl.. . oot TR 111
Calibration curve of solvent 2 of marker dye 11 in high-speed
diesel 01, .. ...t s 111
Calibration curve of solvent 3 of marker dye 11 in high-speed
1Sl Ol .. o oovr et it e e 112
Calibration curve of solvent 4 of marker dye 11 ';n high-speed
diesel Ofl... . ..vve i PRTTUTURRR 112
Calibration curve of solvent 1 of marker dye 12 in high-speed
giesel 01l .. ... e e 113
Calibration curve of solvent 2 of marker dye 12 in high-speed
diesel Oil... ... i e 113
Calibration curve of solvent 3 of marker dye 12 in high-speed
AIESEl 01l .. oottt 114
Calibration curve of solvent 4 of marker dye 12 in high-speed

BT o)) T ORI 114



LIST OF SCHEME

SCHEME PAGE
1.1 The mechanism of diazotization..................oooi i 5
1.2 The mechanism of coupling reaction................ooeeeieiini 6

1.3 Composition of naturally occurring CNSL................ooo 12



Abs.
ASTM

Ave,

conc.
oF

FT-IR

mg

nm

ppm.

' H-NMR
RON

UV-VIS

LIST OF ABBREVIATIONS

Absorbance

American Society for Testing and Materials
Average

Degree Celsius

Unit of wavenumber

Carbon 13 nuclear magnetic resonance
Cashew nut shell extract

Centi stroke

Concentration

Degree Fahrenheit

Fourier transform — Infrared spectroscopy
Gram

Milligram

Nanometers

Part per million

Proton nuclear magnetic resonance
Research octane number

Ultraviolet and visible



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Contents
	List of Abbreviation

