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|The effects of dispersant gasoline additive and eengine speeds on polycyclic
aromatic pydrocarbons (PAHs) emitted in the exhaust emission of a gasoline engme
were studled The test was performed by employing the four- cyhnder engine with
dlsplacenient volume of 1,500 cm’. The particulates and semivolatile gases from
exhaust emlssmn were collected by glass microfibre filters and polyurethane foams,
respectlvély The samples were then subjected to the Soxhlet extraction with
cyclohexane and concentrated before analysis by GC/MS. PAHs recovered from the
test eng1}ne exhaust emission were naphthalene, acenaphthylene, ﬂuorene
phenanthnene anthracene, fluoranthene, and pyrene. The results show that the engine
speed 1nﬂ{uences the amount of total PAHs. The optimum engine speed at which the
emission pf PAHs is lowest is 1,500 rpm. The higher amount of PAHs was recovered
when the 'engme speed increases. PAHs in exhaust emission were also influenced by
the dlspersant in gasoline fuel. The effective quantity of dispersant for decreasmg
PAHs in é,xhaust emission is 400 ppm (v/v).

. /
Q p WW
MAIW...... AN Tasni-Indwes areilesatign

a 4
117 REHGH amua‘mmmmn

Un1sdanu1.2539 mwamammmmﬁnmsm




ACKNOWLEDGEMENT

The author wishes to express his sincere gratitude to his advisor,
Associate Professor Sophon Roengsumran for his helpful advice, and
encouragement throughout the research. Especial gratitude is offered to
Assistant Professor Amorn Petsom for his valuable guidance, helpfulness,
and advice. He is also greateful to Associate Professor Supawan
Tantayanon, Assistant Professor Somchai Pengprecha, and Assistant

Professor Prapaipit Chamsuksai Ternai for their valuable suggestions and
comments.

He wishes to express his appreciation to the Petroleum Authority of
Thailand (PTT) and the Metallurgy and Materials Science Research Institute
for their kindness in allowing him to use the instruments. Thanks are
extended to Miss Wanwiwa Namtip, Miss Jirathiti Tahgsuwan, Mr.Opart
Septum, Mr.Banjong Marksoong, and everyone who has contributed
suggestions, and support during the research.

Finally, he would like to express his greatest appreciation to his
family for understanding, heartening, and support during his studies.



CONTENTS

Page

ABSTRACT (in Thai) ................ocoeoeeno o v

ABSTRACT (in English) ... \4

ACKNOWLEDGEMENT ... vi

CONTENTS ..o QB A s eeeveeeseeeeeeoeo vii

LIST OF TABLES ....... a2, Q.. .o veveeveeeee oo oo X

LIST OF FIGURES ...« 2/l L NSNS oo Xi

LIST OF ABBREVIATIONS ... XV

CHAPTERI INTRODUCTION

1.1 Objectives and Scope of the Research ........................._ 3

1.1.1 Objectivesgl e e Bl oo 3

1.1.2 Scope of the Research ..................................... 4
CHAPTERII THEORY AND LITERATURE REVIEW

2.1 Polycyclic Aromatic Hydrocarbons CBATIEY o csins 5 smes s i 5 o memmgmne s 5

2.1.1 Atmospheric Forms of PAHs ................................_ 8

2.1.2 Health Hazard of PAHS ..................................... | 9

2.2 Gasoline Engine and Gasoline Fuel .......................... 12

2.2.1 Fundametal Principles of Gasoline Engine Operation ............ .. 12

2.2.2 Fuel Metering Systems of Gasoline Engine......................... 14

2.2.3 Effect of Operating Variables on Gasoline Engine Exhaust Emission .. 17



Viii

CONTENTS (continued)

Page
2.3 Gasoline Fuel ... 22
2.4 Dispersant Gasoline Additive ... 24
2.5 PAHs in Exhaust Emissions ... 27
2.5.1 Exhaust Sampling Systems ... 27
2.5.2 Analytical Methods ... 30
2.6 Literature Review...............coo.... 31
CHAPTER Il EXPERIMENTAL
3.1 Instruments and Apparatus ... 37
3.2 Chemicals and Materials. ... 37
3.3 TestEngine .......... Q0 i s v e eeeeerresosssoeeooen 38
3.4 TestFuels ... e B e 29
3.5 Exhaust Sampling System .............................. 39
3.6 Exhaust Emission Test Procedure ..........................__ 40
3.6.1 Sample Collection ..........................oo 40
3.6.2 Sample Extraction and Concentration ..................... 41
H0ed SOBITEIS 50 s0mmsrmstms s 5 s s 3555 s it Lt 41
3.7 Standard and Calibration Curve Preparation............................ 42
3.8 Calculation of PAHs in Exhaust Samples .............................. 44
3.8.1 Calculation of the Exhaust Volume ......... ... 44



X

CONTENTS (continued)
Page
CHAPTER IV RESULTS AND DISCUSSION
4.1 Effect of Engine Speeds on Emission of PAHs ............... . 51
4.2 Effect of Dispersant on Emission of PAHs ... . 52

CHAPTER V. CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK

3.1 Conclusions ... .22 ) L SIS oo 54

3.2 Suggestions for Future Work ............................ 54
REFERENCES..............0 JJ BG8A 0 © 55
APPENDIX A ... o bR e oo 59
APPENDIX B ......... . it oo 64
APPENDIX C........q 400408 GIRWAING IR Bererrerrrorersoosoors 66
APPENDIX D..... GHULALONGKORN. UNIVERSITY................ 84
APPENDIX E ..oviiiiiiininiininiiniinneninnnesauisses oo oo 87
APPENDIX F ..ot 103



LIST OF TABLES

TABLE " Pog
LT Air Quality of Bangkok in 1996 ............................... 1
1.2 Vehicle Population in Bangkok in 1995 ... 2
1.3 Vehicle Emission in Bangkok in 1995......................... . 3
3.1 Test Engine Specification ... 38
3.2 GC-MS Conditions for PAHs Analysis...................... 42
4.1 List of Selected PAHs in Standard Mixture of PAHs according

to EPA 610 including Retention Times and Detection Limits ................ 49
D1 PAHs in Blank Glass Microfiber Filter (GF) and Blank

Polyurethane Foams (PUF) ... 85
D2 Repeatability of the Analytical Method ......,......................._ 85
D3 Recovery of the Extraction Method ............................. 86
F1 Concentration of PAHs in Gasoline Test Engine Exhaust Emission . ... ... 104



LIST OF FIGURES
FIGURES Page
2.1 Mechanism of Benzo(a)pyrene Formation ........................... 6
2.2 Formation of PAHs in Pyrolysis Tyre Oil ............................_ '
2.3 Chemical Structures of Selected PAHs in EPA 610 .................._ 11
2.4 The Four-Stroke Spark-Ignition (SDCycle «...oooooii 13
2.5 Elements of a Simple Updraft Carburator.......................... 14
2.6 Carbureted Gasoline Metering System ............................. 15
2.7 Electronic Fuel Injector System of a Gasoline EOBINE ,osmiammmesnrssimmns 16
2.8 Typical Concentration of Unburned Hydrocarbons, CO, and NO,
as a Function of Air-Fuel Ratio at 60 mph .......................... 17
2.9 Effect of Engine Speed on Exhaust Gas Hydrocarbon Concentration at
12:1, 14:1, and 16:1 Air-Fuel Ratio ................................. 18

2.10 Effect of Spark Advance on Exhaust Gas Hydrocarbon Concentration;

Constant Load at Engine Speed of 1,500 RN LY s s sz s pssen smassnnss 20
2.11 Effect of Spark Timing on Exhaust Hydrocarbon Emission and

Fuel Economy at 30 mph and Road Load ..........................._ 20
2.12 Effect of Spark Advance on Exhaust Carbon Monoxide Emission for

Fixed Throttle with Constant Load at 1,500 IPIM .. 2]
2.13 Stylized Dispersant ..o 24
2.14 Sludge Dispersion ..o 26
2.15 Polymeric Dispersant Gasoline Additives .........................._ 27
2.16 Schematic of Exhaust Gas Dilution Tunnel .........................__ 28

2.17 Schematic of the Total Exhaust Solvent Scrubbing Appratus (TESSA) ....29



Xii

LIST OF FIGURES (continued)

FIGURE Page
3.1 Schematic of Exhaust Sampling System ............................... 39
3.2 Schematic of Sampling Device for Particulates and Semivolatile

4.1

4.2

4.3

4.4
Al
A2
A3
A4
AS
A6
A7
B1
64|
C2

C3

C4

Gases Collecting .............ccooviiiiienniniiiiieeeeraeoo 40
GC Chromatogram of Standard PAHs Mixture according to EPA 610 ..... 48

GC Chromatogram of Extract form Gasoline Test Engine Exhaust at

1,000 rpm Powered by Gasoline Base Fuel .................... . 50
Effect of Engine Speeds and Total PAHs in Gasoline Test Engine

Exhaust Emissions ... 52
Effect of Dispersant on Total PAHs in Exhaust Emissions .................... 53
Calibration Curve of Naphthalene ... 60
Calibration Curve of Acenaphthylene ... 61
Calibration Curve of Fluotene ..........c.c........................._ 61
Calibration Curve of Phenanthrene ... 62
Calibration Curve of Anthracene ............................._ 62
Calibration Curve of Fluoranthene ... 63
Calibration Curve of Pyrene ....................................._ 63
Performance Curve of Vacuum PUDMY 30550 st mmmims st smmms semsponcnes 65
Gas Chromatogram of Standard PAHs Mixture according to EPA 610 ... .. 67
Mass Spectrum of Standard Naphthalene and its NIST Library

Searching Result ... 68
Mass Spectrum of Standard Acenaphthylene and its NIST Library

Searching Result ... 69

Mass Spectrum of Standard Acenaphthene and its NIST Library

Searching Result ... 70



LIST OF FIGURES (continued)

FIGURE

C5 Mass Spectrum of Standard Fluorene and its NIST Library
Searching Result

C6 Mass Spectrum of Standard Phenanthrene and its NIST Library
Searching Result

C7 Mass Spectrum of Standard Anthracene and its NIST Library
Searching Result

C8 Mass Spectrum of Standard Fluoranthene and its NIST Library
Searching Result

C9 Mass Spectrum of Standard Pyrene and its NIST Library

Searching Result ...

C10 Mass Spectrum of Standard Benz(a)anthracene and its NIST
Library Searching Result

C11 Mass Spectrum of Standard Chrycene and its NIST Library

Searching Result ...

C12 Mass Spectrum of Standard Benzo(b)fluoranthene and its NIST

Library Searching Result ....................................

C13 Mass Spectrum of Standard Benzo(k)fluoranthene and its NIST
Library Searching Result

C14 Mass Spectrum of Standard Benz(a)pyrene and its NIST Library

Searching Result ... T

C15 Mass Spectrum of Standard Indeno(1,2,3-cd)pyrene and its

NIST Library Searching Result ..................................

C16 Mass Spectrum of Standard Dibenzo(a, 4)anthracene and its

NIST Library Searching Result ................................_

C17 Mass Spectrum of Standard Benzo(ghi)perylene and its NIST

Library Searching Result ......................................

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

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

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

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

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

xiii



X1v

LIST OF FIGURES (continued)

FIGURE Page
E2 (a) Total Ion Chromatogram of Naphthalene Fraction ........................ 89
(b) Selected Ion Chromatogram of Naphthalene at m/z =128 ............... 89
(c) Mass Spectrum of Naphthalene Fraction and its NIST
Library Searching Result ...................................................... 90
E3 (a) Total Ion Chromatogram of Acenaphthylene Fraction ..................... 91
(b) Selected Ion Chromatogram of Acenaphthylene at m/z=152............ 81
(c) Mass Spectrum of Acenaphthylene Fraction and its NIST
Library Searching Result...................................................... 92
E4 (a) Total Ion Chromatogram of Fluorene Fraction ............................. 93
(b) Selected Ion Chromatogram of Fluorene at m/z =166 ..................... 93
(c) Mass Spectrum of Fluorene Fraction and its NIST Library
Searching Result /. L A .. 0o Sl e eeeeeeeeeeee e 94
E5 (a) Total Ion Chromatogram of Phenanthrene Fraction ........................ 95
(b) Selected Ion Chromatogram of Phenanthrene at m/’z= 178 .............. 95
(c) Mass Spectrum of Phenanthrene Fraction and its NIST
Library Searching Result............................oo 96
E6 (a) Total Ion Chromatogram of Anthracene Fraction ........................... W7
(b) Selected Ion Chromatogram of Anthracene at m/z=178 .................. o7
(c) Mass Spectrum of Phenanthrene Fraction and its NIST
Library Searching Result...........................ooo 98
E7 (a) Total Ion Chromatogram of Fluoranthene Fraction ......................... 99
(b) Selected Ion Chromatogram of Fluoranthene at m/z=202 ............... 99
(c) Mass Spectrum of Fluoranthene Fraction and its NIST
Library Searching Result .........................ccooooi 100
E8 (a) Total Ion Chromatogram of Pyrene Fraction ............................. 101
(b) Selected Ion Chromatogram of Pyrene at m/z=202 .................... 101

(c) Mass Spectrum of Pyrene Fraction and its NIST Library
BERECENE RORIIE »connnsensnrssesissnnssninh it s s s mmss s st s 102



A/F
amu
BaA
BaP
CFR
CVS
DHHS
EI"
EPA
GC
GC-FID
GC-MS
HC
HPLC

1.d.

LPG
M.W.

m/z

LIST OF ABBREVIATIONS

Air-fuel ratio

Atomic mass unit

Benz(a)anthracene

Benzo(a)pyrene

Cooperative Fuels Research

Constant Volume Sampler

The Department of Health and Human Services
Electron Impact Ionization

The Environmental Protection Agency of United States
Gas Chromatography

Gas Chromatography - Flame lonization Detection
Gas chromatography - Mass spectrometry
Hydrocarbon

High Performance Liquid Chromatography
Internal diameter

Inch

Liquefied Petroleum Gas

Molecular Weight

Mass to Charge Ratio

XV



MDL

MON

MS
NIST
NOy
PAH
PAHs

ppm
RON

SIM
SOF
TESSA
TLC

Uv

Minimal Detection Limit

Motor Octane Number

Miles per hour |

Mass Spectrometry

Nation Bureau of Standard Library
Oxides of Nitrogen

Polycyclic Aromatic Hydrocarbon
Polycyclic Aromatic Hydrocarbons
Parts per million

Research Octane Number
Revolution per minute

Selected Ion Monitoring

Soluble Organic Fraction

Total Exhaust Solvent Scrubbing Apparatus

Thin Layer Chromatography

Ultraviolet Spectrometer

Xvi



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents

