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‘,I‘he effect of oxygenated ‘compounds on the emission of polycyclic
aromatic ﬂydrocarbons (PAHs) by an ISUZU model 4FG1 Diesel engine has been
investigateld. Exhaust samples erre sampled at no load and at engine speeds of 800, 1600
pnd 2400 i{'pm setting for each concentration of isbamyl alcohol. Base Diesel fuel was
blended with isoamyl alcohol at 4, 6, 8 and 10 % by volume. The PAHs in the exhaus
were analéyze'd by GC-MS. PAHs found in Diesel exhaust were: naphthalene

acenaphth):rlene, ‘acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene an
pyrene. It ilwas found that the concentration of PAHs in Diesel exhaust at engine spee
1600 rpm \:Nas slightly lower than at engine speed 800 and 2400 rpm. The concentration
pf PAHSs ii‘l Diesel exhaust decreased with the increase of the concentration of isoamyl

plcohol frolrn 4 to 10 % by volume.

|
|
|
|
i
!
)
I
I
I
I
1
I
|
|
[
|
[
i
|
|
!
!
!
{
!
{
i
!

-
main LT""m;l tm'ﬁw““l#‘moﬂw mnuwauan O SANEL)

Ly AR AT PR

{
aMu1IM DT"‘-'M‘* "Pﬁwv"""#‘““"% muﬁa#ommwnﬂ?nm Kl o 4

okt ‘ 4 T
Ynrsfinm...254C. awﬁmnomuﬁmﬁnmnu




vi

ACKNOWLEDGEMENTS

The - author would like to express her sincere appreciation and the
deepest gratitude to her advisor, Associate Professor Dr, Sophon Roengsumran
for his valuable advice, criticism, and broad views throughout the course of this
research. She wishes to express the deepest gratitude to Assistant Professor Dr.
Amorm Petsom for his valuable criticism and helpfulness. She is grateful to Dr.
Roderik W. Bates, for his correction of English. In addition, she wished to
thank Associate Professor Dr. Supawan Tantayanon and her thesis committee
for their valuable suggestions and comments.

She would like to special thank the Petroleum Authority of Thailand, for
their help in permitting use of some equipment and for their support during this
research.

Finally, the author would like to express her greatest appreciation to her

family for their support throughout his entire education.



CONTENTS

Page
ABSTRACT IN THAL....coereccaieieteiissentamsssressssisssssssesessssesssessassssssssssassssssssness v
ABSTRACT IN ENGLISH......cccocciiimsiorsrinincsnsnssisssmsssmsssmssssssasssssnssssssssnnss Vv
ACKNOWLEDGEMENTS......cocoieumssssimsessisemasssssnssorssserssrsnsasasssessesssssnssseanees VI
CONTENTS. ...t estnssesasesasnsssstronsnssmsasstastsbersssssassssssastassssssnsnsssssssessses VII
LIST OF TABLES......cc.ccciiiviitereonnistiiinisssesssamsmssissssssssssssssssmsssissssresssassssasass IX
LIST OF FIGURES..........cc.cociceniriimmimmenssinisressiseosiossnsamssmssmsssmsses s ssssesssasscses X
ABBREVIATIONS........cocociiieiieiirimnnisionesssresesnissmmmesesssissssssssssessssssssssesas Xvili
CHAPTER
1 INTRODUCTION
Objective and scope of the research.........coccvevmviccinnnnicccncnccieirins 2
2 THEORY AND LITERATURE REVIEW
/ The Diesel cOmbUSLION PrOCESSES...iiirmirersnsisassrsrsisssersssroressrsssisrsssisassasns 3
Fate in air OF PAC......cc.ocoveeeeeeeerereesisissenans & R 9
Analysis PAHs from exhaust €MiSSION.......ciueiniiereirsieisieirmmreressnesseessne 13
Oxygenated COMPOUNG.......vorrrerersereresisorersesrsersssorasersesasssssssseressssessasses 18
LItETatUIe TEVIEW .. covereirmursisisssenssuisnsissssestsssesssissssiosenesssssssasasasenssesseseres 20
3 EXPERIMENTAL
Apparatus, Chemicals and Materials............ b L LR 29
Test engine.....ccnrevrvncrerernsnereserens et asr s s e sae e e e e e 31
TSt fUCL....coeiririireeiii i seesere s sraeesssssssssesenes trsesesereianeesrnreenes 31
ENgine OPeration........ccicviminininnsesssinsnsensismenimismsenessssesessssssesens 32

Exhaust sampling SYSteM........cocunreninimrimnsisissinesianimsessenssrrsrsresssesenssens 32



viii

Data cvaluation........; .............................................................................. 35
4 RESULT AND DISCUSSION

Identification of PAHSs in Diesel exhaust.......ccccevviineneniinisieninnnnes 4]

Properties of Diesel fuel.........cccevvirivinvnsinnisinicciniineccninccnnene 43

Various effects on exhaust €MiSSiON..........ccuiiiininiiiinninmin, 45
5 CONCLUSIONS ANS SUGGESTION.........ccocvvnmvinimmmrerssnssssesssesenss 55
REFERENCES.........ccconnnnnissmsnnrinmnsininnss o esisnsrensanasssssasssssasas s asasats 57
APPENDIX A.......cccomssiiinrisumsisesrsrnmsismssmenmsississisnsssassnesenssassssssesssas sssesesssass 59
APPENDIX B..oiiiiicivsiiiiiniiocsscisiiessiesionsassestasssesssssssssssssssnsssssssssssssssnsssnssss 78
APPENDIX C..cuovviiieiiiinrsinieresnisismosisisscssinemsssssssmssesssmsssossssisessisssesssssssones 94



LIST OF TABLE

TABLE Page
2.1  Pentano] 1SOMETS...euvrrceresnesssresssstessissrsnernmssesmistsssistasesatssssansasiessisisssssssss 19
2.2 Physical properties of 3-methyl-1-butanol (iscamyl alcohol)................ 19
3.1  Characteristics of ISUZU engine.........ccooecmvmmrenrmmorsesisssmmorssncsessmnnssesases 31
3.2 Fuel preparation.....cc.ueiimiiissescsnmimsiiinena s 32
4.1 Molecular weight, retention time and detecﬁon limits

of standard PAHS.......cc..cccimminimmiiniamsmmimisssssiommmeme 42
4.2  Repeatability of analytical IIEEHOM. v vveeersseeessseseensesecssseserssssessssesssssssses 43
43  Properties of base fuel Diesel and base fuel

blended isoamyl AlCOhOL......cvuenimrmmmminninranrninesssisisissstessns s 44
4.4  Concentrations of the individaul PAH (ppm) in

base Diesel fuel exhaust at 800,1600 and 2400 rpm.........cccerereeeiearensinn 46
4.5  Effect of concentration of isoamyl alcohol on

total PAHSs in exhaust emission at 800, 1600 and 2400 rpm.................. 53



LIST OF FIGURE

FIGURE Page
2.1  Outline of combustion process in the Diesel engine.........cccccvnvneneresenenen. 4
2.2  Diesle engine combustion CYCI€...um rmiieeiiierunminccrsiciisorrnisisisniissiienns 4
2.3  Direct injection combustion SYStEML....ciiiiirivermrmninnsnainisnnsinssesesesssnens 6
2.4  Indirect injection COMbUSHION SYSIEML.ueeivrrermrmeriaseiassessssnsssnencresssassssraresesn 6
2.5  Cetane number of pure hydrocarbons...........icuiienisniinrennnnnesiseisneesens 8
2.6  Schematic representation of the total exhaust

solvent scrubbing apParatus.........cuuceieirmnsenririnsaiensneriseiiiesereens 12
2.7  Electron-impact mass spectrum of phenanthrene...........cccovciiiiiinannne. 15
2.8 Eléctron-impact mass.spectrum of 1-methylphenanthrene.................... 15
2.9  Possible structures of the m/z 191 (Ito IV) and

m/z 165 (V to VII) ions in the electron impact

of phenanthrene- and anthracene-related compounds............convevevererenene 17
2.10  Sampling SYStEI SCHEMALIC........covururecrssmesiissssessosssssssesssssessssssssssssssenes 21
2.11 Total PAH €MiSSI0N....iiiiiiercciiinissnisieisisesensessisieisiessiessisisisisssessaessnessens 21
2.12 B(a)P ITHSSHON v e ecorenssrasessesasssasnesssarensossesssrasesseasessesssaseseseassesssessssstes 22
3.1 SamPIINg SYSTEIMu.ueerieeieereneiessisiinis s snassnssssseasssssssssssssassessasssnsssssees 33
3.2 Pressure performance curve of measure volume of

€XhAUSE EMISSION. ....oeuceercnercriiieirircs ettt este e esnssresesassnssnsnasassnes 37
3.3 Analysis ProCedUTE.........cceiererriereressecsssrnsssisnsssisessnssesserssssssssersssessesseses 40
4.1 Concentration of the individual PAH (p.g/m3) in

base Diesel exhaust at different engine speeds..........cccconniniiiccicicinnns 46



Xi

LIST OF FIGURE(continued)

FIGURE Page
4.2  Effect of concentration of isoamyl alcohol

on naphthalene in Diesel exhaust at different engine speeds................ .48
4.3  Effect of concentration of isoamyl alcohol

on acenaphthylene in Diesel exhaust at different engine speeds............ 49
44  Effect of concentration of isoamyl alcohol

on acenaphthene in Diesel exhaust at different engine speeds............... 49
4,5  Effect of concentration of isoamyl alcohol

on fluorene in Diesel exhaust at different engine speeds.........cccocvvnnnne. 50
4.6 Effectof éoncentration of isoamy] alcohol |

on phenanthrene in Diesel exhaust at different engine speeds................ 50
4.7  Effect of concentration of isoamyl alcohol

on anthracene in Diesel exhaust at different engine speeds.................... 51
4.8  Effect of concentration of isoamy] alcohol

on fluoranthene in Diesel exhaust at different engine speeds................. 51
4.9  Effect of concentration of isoamyl aicohol on

pyrene in Diesel exhaust at different engine speeds..........ccovnrveinrnirenne 52
4.10- Effect of concentration of isoamyl alcohol on

total PAHSs in exhaust emission at different engine speeds.................... 53
A1 Gas chromatogram of standard PAHS........ccccccvivermerenreinnnernenerenniseninns 60
A1 Gas chromatogram of standard PAHs (continued).......0..ccoeevereinruiinnnes 61
A2 Comparison of mass spectrum of standard naphthalene

with mass spectrum in NIST Library.........coceersreseeenscssernsnennererarersnsnsses 62



xii

LIST OF FIGURE(continued)

FIGURE Page
A3 Comparison of mass spectrum of standard acenaphthylene

with mass spectrum in NIST Lbrary.....ccceeeecsconsensraeresases S——"— 63
A4 Comparison of mass spectrum of standard acenaphthene |

with mass spectrum in NIST llbrary ..... 64
A5 Comparison of mass spectrum of standard fluorene

with mass spectrum in NIST HBIEIY...cccviiaiunimremserscierenmssnsisesnasiissienss 65
A6 Comparison of mass spectrum of standard phenanthrene

with mass spectrum in NIST IIBrary.....cocoeveenmeriesennnnnnncsssisenions vereeeni66
A7 Comparison of mass spectrum of standard anthracene

with mass spectrum in NIST library.......ccovmmiinnsnsnnnnncniniiinnnens 67
A8 Comparison of mass spectrum of standard fluoranthene

With Mass SPECHrUmn it NIST HDIRIY...oevverecerereresrnssssssssssn 68
A9 Compérison of mass spectrum of standard pyrene

with mass spectrum in NIST library............ rrersessseassssaresanasansatereasasannn 69
A 10 Comparison of mass spectrum of standard benzo[a]anthracene

with mass spectra in NIST HBIary.....ecseescsserimnessnssissansssnsnasisssases 70
A1l Comparison of mass spectrum of standard chrysene

with mass spectrum in NIST HDIary.....ccovrinmnminn. 71
A 12 Comparison of mass spectrum of standard Benzo[b]ﬂuoranthene

with mass spectrum in NIST library.........cccosuinineas revisresesassasstarssassnenen 72
A 13 Comparison of mass spectrum of standard bcnzo[k]‘ﬂuoranthcnc

with mass spectrum in NIST lbrary........ocecccinsisisninsssnnssinnnnnens 73



FIGURE Page
A 14 Comparison of mass spectrum of standard benzo[a]pyrene

with mass spectrum in NIST Ibrary...c....ccovcccvnennvininsciinniion, 74
A 15 Comparison of mass spectrum of standard indeno[1,2,3-cd]Jpyrene

with mass spectrum in NIST library.......cccceevviniiinsicninninninninnssicnnn 75
A 16 Comparison of mass spectrum of standard dibenzo[a,h]anthracene

with mass spectrum in NIST 11107 ¢ o OO 76
A 17 Comparison of mass spectrum of standard benzo[g,h,i]Jperylene

with mass spectrum in NIST lbrary........ccoecvvvvmnsvenreinensnsinscininnene 77
B 1 Gas chromatogram of hydrocarbon fraction

of base Diesel exhaust at 800 IPIM.........ocveeiiiniiismemarinncensninne 79
B2 Gas chromatogram of hydrocarbon fraction

of base Diesel exhaust at 1600rpm80
B3 Gas chromatogram of hydrocarbon fraction |

of base Diesel exhaust at 2400 IPM........ccceecrreririveerrenserenssrsseesesesesseses 81
B4  Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 4% isoamyl alcohol at 800 rpm......... 82
B 5 . Gas chromatogram of hydrocarbon fraction of blended fuel

be_tween base Diesel exhaust and 4% isoamyl alcohol at 1600 rpm.......83
B6 Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 4% isoamyl alcohol at 2400 rpm.......84
B7 Gas chromatogram of hydrocarbon fraction of blended fuel

Xiv

LIST OF FIGURE(continued)

between base Diesel exhaust and 6% isoamyl alcohol at 800 rpm......... 85



Xvi

LIST OF FIGURE(continued)

FIGURE Page

B18

B19

B 20

B 21

B 22
B 23
B 24

B 25

Gas chromatogram of hydrocarbon fraction of base

Diesel exhaust at 2400 rpm (a) Gas chromatogram of

acenaphthene and (b) selected ion chromatograms of m/z 154............... 96
Gas chromatogram of hydrocarbon fraction of base

Diesel exhaust at 2400 rpm (a) Gas chromatogram of

fluorene and (b) selected ion chromatograms of m/z 166....................... 97
Gas chromatogram of hydrocarbon fraction of base

Diesel exhaust at 2400 rpm (a) Gas chromatogram of

- phenanthrene and anthracene and (b) selected ion

chromatograms of m/Z 178......cceveciiimicerniiiiinierc s 98
Gas chromatogram of hydrocarbon fraction of base

Diesel exhaust at 2400 rpm (a) Gas chromatogram of

fluoranthene and pyrene and (b) selected ion

chromatograms of 7/Z 202.........cccimimnniseniimsnsinseiss 99
Comparison of mass spectrum of naphthalene with

mass spectra in NIST HDIATY ....evetieeereerernesncnsrrereeenseneassnonssssessnesnasssnes 100
Comparison of mass spectrum of acenaphthylene with

mass Spectra in NIST IbBIary........cccccvrvrnneenrrrnnenererressnereneeseesssresaeenees 101
Comparison of mass spectrum of acenaphthene with

mass spectra in NIST lbrary........ccccevevuvnvecreeervrsnsrencns e, w102
Comparison of mass spectrum of fluorene with

mass spectra in NIST Lbrary........occciiieecinnrrinrceseennenesecsns i 103



Xv

LIST OF FIGURE(continued)

FIGURE Page

B8

B9

B 10

B1l

B 12

B13

B 14

B 15

B16

B 17

Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 6% isoamyl alcohol at 1600 rpm.......86
Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 6% isoamyl alcohol at 2400 rpm.......87
Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 8% isoamyl alcohol at 800 rpm......... 88
Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 8% isoamyl alcohol at 1600 rpm.......89
Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 8% isoamy] alcohol at 2400 rpm.......90
Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 10% isoamy! alcohol at 800 rpm.......91
Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exhaust and 10% isoamyl alcohol at 1600 rpm.....92
Gas chromatogram of hydrocarbon fraction of blended fuel

between base Diesel exﬁaust and 10% isoamyl alcohol at 2400 rpm.....93
Gas chromatogram of hydrocarbon fraction of base

Diesel exhaust at 2400 rpm (a) Gas chromatogram of

naphthalene and (b) selected ion chromatograms of m/z 128................. 94
Gas chromatogram of hydrocarbon fraction of base

Diesel exhaust at 2400 rpm (a) Gas chromatogram of ‘
acenaphthylene and (b) selected ion chromatograms of m/z 152............ 95



LIST OF FIGURE(continued)
FIGURE

B 26 Comparison of mass spectrum of phenanthene with

mass spectra in NIST lbrary......ccccccrnnccnniccissinnnninne.
B 27 Comparison of mass spectrum of anthracene with

mass spectra in NIST library........ceeiimmnsnssnnncisenciosennen:
B 28 Comparison of mass spectrum of fluoranthene with

mass spectra in NIST library..... ..............................................
B 29 Comparison of mass spectrum of pyrene with

mass spectra in NIST library........ccccciinminieins.
C1 Calibration curve of Nﬁphthalene ..........................................
C2 Calibration curve of Acenaphthylene............ccovnivcnreiennnn.
C3 Calibration curve of Acenaphthene...........c.cooeeecrcinniiinnncin
C4 Calibration curve of FIIOI€NC .ccivcisiimmisressiinrennermessnsserisnss
C5 Calibration curve of Phenanthrene..............cccorvueirinnuenne
C6 Calibration curve of Anthracene..........cocvensnirensiaricerscesssanses
C7 Calibration curve of Fluo{ranthene ......................................... '

C8 Calibration curve of PYrene.........ccovcremvunsscnccsnsisecnnnsens

Vi

Page



xvil

ABBREVIATIONS

PAHs = Polycyclic aromatic hydrocarbons
PACs - = Polycyclic aromatic compounds
SOF =  Solvent organic fraction

PUF =  Polyurethane foam
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