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Abstract

The characteristics of particulate matter (PM) and polycyclic aromatic
hydrocarbons (PAHSs) emitted from a conventional diesel engine fueled by diesel (BO0),
biodiesel (B100), blends of 10 %, 20 %, 40 % and 60 % biodiesel in diesel (named as
B10, B20, B40 and B60, respectively) and blends of 5 %, 10 % and 20 % ethanol in B20,
B40 and B60. (named as B20E5, B20E10, B20E20, B40E5, B40E10, B40E20, B60ES5,
B60E10 and B60E20) were investigated. The exhaust from the engine operated on a
dynamometer was diluted before it was sampled. The particulates from the exhaust were
collected using an Andersen cascade impactor with an inertial filter stage (ANIF)
attached before a backup filter stage. With the flow rate of 28.3 L min™, the 50 % cut-off
aerodynamic diameters for the first 8 stages are 11.0, 7.0, 4.7, 3.3, 2.1, 1.1, 0.65 and 0.43
pum, while the inertial filter has a cut-off size of 0.07 um and all particles smaller than 1
pum are collected on the backup filter. After ANIF, XAD-2 cartridges were used to retain
the gas phase PAHs. Sixteen PAH compounds were analyzed using a high performance
liquid chromatography (HPLC) with diode array detector (DAD) and fluorescence
detector (FLD). For all fuel types, the size distributions of PM emitted from the engine
showed a unimodal behavior in the accumulation mode. The dominant PMs were ultra
fine particle (< 0.4 um). The total PM concentration was increased when increasing the
blending ratio of biodiesel and the particulates with the size < 1.1 um found to be
increased while the particulates with the size > 1.1 um found to be slightly decreased.
This can be explained in the terms of water content in the biodiesel and some properties
of blended fuels cause the decreasing of the temperature in the combustion chamber
which leads to incomplete combustion. After the biodiesel was heated to remove water to
be less than 0.05 %, the total PM concentration was reduced by 18 % in comparison to
the use of diesel (B0). Even the total PM concentration was increased with the increasing
ratios of biodiesel and ethanol in the blended fuels, the concentration of individual PAH
compounds for both gaseous and particulate phases were decreased. The total PAHs
emitted from the engine fueled with biodiesel blends were reduced by 19.2-40.4 %, while
using ethanol-biodiesel-diesel blends was much more effective for the reduction of the
total PAHs by 26.7-43.9 %, compared to diesel fuel. The patterns of PAH compounds
indicated a dominance of low molecular weight, including Napthalene (Nap),
Acenaphtylene (Act), Acenaphtene (Ace) and Fluorene (Fle). In addition, using biodiesel
can reduce the value of carcinogenic potency equivalent (BaPey) by 18 % compared to
diesel.
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back up filter (ANIF)
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AMIANYIANT PAHs UAg nitro-PAHs 91A1AS098UaAsau0Isnld Taaldiinniudira
%’ o I f a . . : o
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(2009) WUIE1T PAHs  Tudauvean a1 1naaz1ilu Naphthalene, Acenaphthylene 4@

Acenaphthene TUAIUYDIOYNIAVLWY Fluoranthene 118 Pyrene Tu1/3u1a1u1n



3. 35 uiuMI Y

Y
NUITHUADINITANHIAUANHALVDIOYNIAUALAITHOA LFADNUD ITUNAN
J . . ?{, ' 1 9]
laTasA13uouU (Polycyclic aromatic hydrocarbons, PAHs) N3 ludiuveseymauas ludiuvesnis
= 1 9 A I & . . . & )
‘ﬂgmJa’e)El’e)aﬂmﬁnﬂmimﬂwmmmamaummmamllﬂ (conventional diesel engine) ol
3 o = y o = = < dy a ~ v ? o oa o
Wi 1y Tedwavazisiuweay lu Tefa-Awa (HwyamaatFeufeusviiudwa vins
1< 1] [
NA003 1AgINUAIDE1NOUMALAZANEINITNIZDIGVDIVUINDYNIA TagimnIzoynIAvLIAL U
<3 o ] (9] a a a
NUAIBE19NS AnEIrHatazYSu1uYeIas PAHs @d8iNANA  high performance liquid

chlomatography (HPLC)
= :’ L% &, a
3.1 asusaz Ny aINaN

3.1.1 MseldmsUmMsanauazIng Iz PAHs
- Acetonitrile (HPLC grade, Lab-scan)
- Dichloromethane (HPLC grade, Lab-scan)
- Dimethylsulphoxide (HPLC grade, Lab-scan)
I ¥ A o v A Y A ad a o Y
- Ultra pure water LIJuu’l‘ﬂW’]‘Llfnﬁﬂ']i]ﬂ'f)f]fluﬂﬁﬂigﬂﬂiniﬁ@@aiumﬁ Llag‘]/l'lﬂlﬁ
P2 I
U3gNBAI0IAST09 Maxima ultrapure water (ELGA) 94 laA1nua1un1u 18.2 MQ
a a a 4
- ﬁ153J'Wl'iﬁWHﬂl@QW@ahlcﬁﬂaﬂllﬂIﬁle@lﬂvlﬁiﬂﬁ?ﬂﬁ‘ﬂ@u (PAHSs) ATHNINTITU

USEPA 610 (certified solution with purity 95.9% - 99.9%, Supelco) UznouAI8 PAHs 16 il

laun
Acenaphthene : 1000 pg mL™?
Acenaphthylene : 2000 pg mL™
Anthracene : 100.2 pg mL™
Benz (a) anthracene : 99.9 pg mL™?
Benzo (a) pyrene : 100.1 pg mL™
Benzo (b) fluoranthene : 200.0 pg mL™
Benzo ( g, h, i) perylene : 199.9 pg mL™*
Benzo (k) fluoranthene : 99.9 pg mL™
Chrysene : 100.2 pg mL™
Dibenz (a,h) anthracene : 199.9 pg mL™?
Fluoranthene : 200.0 pg mL™
Fluorene : 200.1 pg mL™



Indeno (1, 2, 3-cd) pyrene  : 100.1 pg mL™

Naphthalene : 1000 pg mL™*
Phenanthrene : 100.1 pg mL™
Pyrene 99.9 pg mL*

%’ ] dy a
3.1.2 UUIYDINEAN
901 IS I %‘ o %’ o 901 LY
Hiuilamaaey WuiiniuluTefma (B100) 1iiudma (B0) uaziiniuwaylule
= = [ 1 = a = I =} I
ALEA-PILB R ?J@]51ﬁ3u1ﬂ1@ﬂl‘ﬁfa‘ﬂﬂ$ﬁﬂ‘]&lﬂﬂu 10%, 20%, 40% iag 60% Liﬂﬂlﬂu B10, B20, B40
o U ’o} v A g 1 g Y ] ] 901 % = j’
1ag B60 uanu umumcﬁacﬁamﬂﬂmumumﬁim 'E).‘Vi"lﬂ(l?iﬂe], .93Ua1 umu”luiaﬂmacmm
mﬂﬁmmﬂﬂuazwwmwawmmmmumﬂumuﬂﬁmmzﬁ%umu uwnmmaaﬁwmumuw%
= a 301 o s A 9 9 9 v A ] o [
"]NNﬁ@]%WﬂuTNuﬂWﬁNVIi“ﬁVI@ﬂLLa’J (NFIUDINT LLASATIAUITOU Gluﬂ]@ﬂ.‘lfﬂﬂclﬁﬂ!j) HIUTHWIU
Y [
NITUIUNIT ‘ﬁT]J;]ﬂifﬂ Transesterification 2 AT @9]]’38 Methanol é]?xiﬁ Potassium hydroxide (KOH)

I a 4 A Y o oA ? o = A
Wunzacadaa AUTHUAVDIUINUALE (B0O) Lmzumu"luiaﬂwa (B100) Lm’ﬂﬂu@ﬁﬁ“ﬂ 1

@

< on 3 = LY =
ATNN 1 AUTNUAUINUALED (B0O) uazumu‘luiamcﬁa (B100)

. SATENIR T .
ﬂmﬁu‘umm H S - Tnagol
Alya luTedra
Flash Point (°C) 73 171 ASTM D93
Cloud Point (°C) 9 12 ASTM D97
Pour Point (°C) 1 10 ASTM D97
Density at 15 °C (kg m—3) 833 878 ASTM D1298
Viscosity at 40 °C (cSt) 3.54 4.66 ASTM D445
Copper Strip Corrosion No.la No.la ASTM-D130
Acid Number (mgKOH g_l) 0.006 0.32 ASTM D664
Oxidation Stability at 110 °C (hrs) 39.09 2.15 EN 14112:2003-001
Water content (Yowt) 0.009 0.090 ISO 12937:2000
Less than limit
Carbon Residue (%wt) 0.1 ASTM D4530
of method
Less than limit
Sulfate Ash, mass <0.005% ASTM D874-07
of method
Ester content (%) 24.06 95.50 BSEN 14103:2003
Linolenic Acid Methyl Ester content (%) - 0.56 BSEN 14103:2003
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o 19 4 4 4 a ]
- Diluter 35U loiFonInAs 0suAioangurgil tazaamsnIuiuved lo

3
0

- Air compressor

d o w sol
- gilnsaiiiva loii (Silica gel, GF,,, MERCK)
Y

- UnsaidniueynIn tazazeeei iy (HEPA 0.3 um, 99.97% efficiency)

- gilnsaifadas1ms lvavesnszuanias 0.0 - 40.0 mL min”, Rotameter, Cole-
Parmer)

- 91n3aiiAdAT1As lvaueanszuame (0.0 -1.0 mL min ", Rotameter, DWYER)
- JugIN# (Ruppracht & Patashnick Co.,Inc.)
- 9UnTAlRUAI9619MY (XAD-2 cartridge, 400mg/200mg, SKC) uaasluzli 1 ms

< @ 1 2] @ [ o A P a J 1 A ¥
NUAIDINNFICDIFYINANNITNITAAFY LUDIVINT1T PAHs NISIUATIEN L‘]Juﬂquﬁ']iﬂlliﬂﬁll')

9 9
w a2 o

=K A Y v v Ao A A . 2 o o A
auiududonldargasunTiguaniia 147 (non-polar #3® hydrophobic) FIAIAATU NN T
a o a o =
f19 155U XAD-2 (Amberlite XAD-2 Polymeric Absorbent) 1110151559 153U XAD-2 Tugilnsainly

< o 1 . a 9 Y ' =

INUAIDYN (cartridge) TagTaniudiuazn1eoonaluny PUF (Polyurethane Foam) 13unauiae
H a 3 "o o (24 {q Y <3

ANMNUHUIVBITU LIFU XAD-2 muagnuaﬂﬁmﬁ"lﬂamaqnizggﬁﬂ1eﬁgnazgaa1ﬁiﬁv1uﬂ1ﬂﬂu

#9814

3191 1 XAD-2 cartridge, 400mg/200mg, SKC
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2 Al

152A9UAIY Andersen sampler (AN200 Dylec) HINFUUDA inertial filter Lm’iﬂﬁlijﬂ'@l‘lfuﬂlm back
up filter (ANIF) danaaslugiii 2 ienuausasims lnavesnszuamas1i 1 283 L min' ¢
aunsoueneyMaRtvIadauana1anu 1a 10 329 o > 11.0, 11.0-7.0, 7.0-4.7, 4.7-3.3, 3.3-2.1,

[ 1

2.1-1.1, 1.1-0.65, 0.65-0.43, 0.43-0.07 1Az < 0.07 um OYNIAVZYNANIVDULKUNTOIFIAIFU Y

vy &

ﬂ’JE]TIG]?(Binder-less quartz fiber filter, Pallflex, 2500QAT-UP) #nLIUFU inertial filter (0.43-0.07

um) ooz lmduleauauae (webbed stainless steel fiber, Nippon Seisen Co. Ltd., SUS-304)

., > 11.0pm
11.0-7.0 ym

. 7.0-47 ym

. 4.7-33um

. 3321 pm

2.1-1.1 pm

.. 1.1-0.65 um

-+ 0.65-0.43 ym

0.43-0.07 um

« <0.07 pm

g'ﬂ‘ﬁ 2 Andersen sampler with inertial filter option (Hata et al., 2009)

A %
3.2.2 1AT090UA
4 s a3 4 J. & A . . o o
in3eseuan lamaaey umsessudnisanily (Conventional diesel engine) d11i51
v .- L. 9 A <
YIUNINUL TZUUNIRAUUY indirect injection (IDI) 4 gu 8vis TOYOTA uﬁmiugﬂm 3 1Wu
A A A o o ] = A a A 14 ~
inFoseuAladeInINsUsvaninlni s1eazBoanuAuvo UAToIUAAINA1519N 2 Tuns

] & f H 1
°nﬂaamﬁmﬂummwuuzmumﬁau dynamometer ?ngjf] ESSOM jU MT504
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311 3 1n50ssudamana 11 (Conventional diesel engine) N1 lunsnaaes

[

A = A = g a dy
A1TNNN 2 'iwazmaﬂeumm3@@&114@1@%@114“1%11401143 gUu

Maximum power

Maximum torque

Fuel system

Parameters Specifications

Brand Toyota

Model 2L-T

Engine type Water cooling serial 4 cylinder SOHC turbo diesel engine
Injection Indirect injection (IDI)

Displacement 2446 c.c.

Bore x stroke 92 x 92 mm

Volumetric compression ratio 21.0:1

69.14 kW @ 4,000 rpm (94 HP @ 4,000 rpm)
22.0 kg-m @ 2,400 rpm (215.75 N-m @ 2,400 rpm)

Bosch type distribution type (jet pump)

A A d o o @
323 Lﬂﬁi’]\n\l@uagﬂ'ﬂﬂﬁﬂ!ﬁ’]ﬁi’ﬂﬂ'ﬁﬁﬂﬂ

- Ultrasonic bath (Tru-sweep, 2800 HT)

- Rotary evaporator (Buchi, R-210)

- PTFE Syringe filters with pore size of 0.45 um, diameter of 25 mm and 4 mm

(Vertical, Thailand)

10




- PTFE membrane disc filter with pore size of 0.45 pum and diameter of 47 mm
(Vertical, Thailand)

- Nylon membrane disc filter with pore size of 0.45 pm and diameter of 47 mm
(Vertical, Thailand)

- Filter paper No. 42 with diameter of 125 mm (Whatman, USA)

- Disposable syringe, 3 mL (Vertical, Thailand)

- Amber vial, 2 mL with polypropylene screw cap, blue and white silicone/red PTFE
septa (Vertical, Thailand)

- Microliter pipette : model NPX-200, 50-200 pL (Nichiryo, Japan)

- General glasswares, such as round bottom flask, volumetric flask, etc.
3.3 3EMInaasg

a & t4 A a oa A
3.3.1 miaaasgUnsainazou lumsdfiaau uaalugili 4

(3) Air

compressor

Laboratory gas
exhaust Regulator drying unit

(5) 4)

— (6) @‘
IDl4urbo: A
) " Rota
d | engin
ooy

(1)

Vacuum  (10)
pump

L J

ANIF Vacuum
pump

a o a 3’, o
g']J‘VI 4 LLW‘L!N\iﬂﬁ@]ﬂ@]\mﬂﬂﬁmﬂﬁ‘ﬂﬂﬂﬂﬂ
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nagev law Tuiines da1inasotsud Y5u1viussiingega (Maximum torque) 11 2400 50UAD
= Y =K o < o [
UIN HAIWNMNFTINVAIDYS
< %] 1 4 4 4 [
Tumsinuaaeens (9314 4) leidennnsoseud (1) 912gniaeae 3 1 lu Diluter (2)
9 . A o w dy o Y @
AIWDINIADIN Air compressor (3) NHIUNITNIIAAINTY (4) mlvazeoa (5) HASAIVANDATING
9 9 v
1%ad20 Needle valve 11az Rotameter (6) ad91n1iutugyaInig (10) szga loidonigosiand)
1 A o S o 1 I o A o .-l '
WU ANIF (7) (W mMsinuaIag 9oy 1ailumal 1 92139 1993173 1912 28.3 L min”' (6) @7
& @ A Y] ' 3 A A Lol
NUIYDINYNAIU ANIF 122929N9ARIY XAD-2 (8) 11luan 15 win 93113 1412 0.5 L min
A 3 o 0w
(9) INOLNUAIDYIIN Y
] a 4
uwuﬂiawumﬁ’uiﬂmamm (Binder-less quartz fiber filter) uam%’uiﬂmmumﬁ

a

g’./ 1 v @ 1 < { {
(webbed stainless steel fiber) 14qﬂﬂuuazwaqmumamwzﬁmmﬂﬁu Desiccator ﬁqmwgumﬁ
L o o ¢ A & & vy =2 & 3 oy A ¢
(25 °C) HATANUFUTUINTAIN (50 %RH) 1Hua1 72 2 1u9 1A IMUNAIUAT BI%
2199 (0.01 mg precision, Sartorius, CP225D) U3 1aeynAUUAI0819M UM IAINHAATIVDY
%’ @ 1 v @ % ]
WIMINADULAEHAUNUAIDEI

3.3.2 MIANAT1T PAHs a18NANA Sonication

=2 Y

Y
I a [} ] o ] (4] [ axy
@135 PAHs 14 16 ¥1ia Tua108190 U0 1a1azA10619M 19592 gNANARI87D TINMUIN
a = I % o
NUIATFIU 3550C (method 3550C) TaalHimatin Sonication 3} Dichloromethane 1iludAaaz a0
o [} @ 1 g’u @ 1 () g’/ [ 4 .
disudled1eynInlinisay 40 mL uazareg1amalasiag 20 mL ANARIUIATEY ultrasonic
<3| 2 % a ¥ . Y ' ' 2
Fua1 20 w9 2 A5 AUNEUNYNVDIU 1Y Ultrasonic bath 1%9g 11329 4-10 °C AFOIAIUN
o yy . Y Aa . . v )

analanae Syring filter (0.45 pm PTFE) @211 Dimethyl sulphoxide (DMSO) 50 uL nowiiilyl

v o Y a a9y Y R o q Y v .
ITINYAINIALAYNIY Rotary evaporator NYUNHUH D uarvem vl 500 puL 918 Acetonitrile

M&I9NUUNT0HU Syring filter (0.45 um PTFE) 30359 11Ul Amber glass vial Y410 1.5 mL 7

Qmwgﬁ 4°C 30INT1LHMY mAtia high performance liquid chlomatography (HPLC)

3.3.3 MIAATIZHAT PAHs A28mATiA HPLC
2 v
M3AATIEHMT U8 PAHs 19 16 viialudie819141A509 HPLC (Agilent, 1100)
$IUAVAINTINIA 2 ¥iia AD Diode array detector (DAD) 448% Fluorescence detector (FLD) uandlu

g‘ﬂﬁ 5 apauin iy Vertisep UPS C 18 reversed phase column (250 x 4.6 mm I.D., particle size 5
um) AonNy Vertisep C18 (7.5 x 4.6 mm L.D., particle size 5 pm) guard column a3l injection volume
I < A ~Aq Y a d o 1 1] 1 (4 ~

13w 25 pL Gﬁilﬁ@uulsllﬂcl“]fﬁluﬂ']i'JLﬂﬁ']Sﬂﬂ?@fﬂ\‘]@Hﬂ?ﬂllﬁ%ﬂ?@ﬂWﬂﬂWﬁﬁ Llﬁﬂ\ﬂu@niN‘ﬂ 3uae 4

TagNanuenau (L) dmsunszau (excite) Hagd1mMiuas193a (emit) naasluasen s
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a 1 {a 4

Chromatogram V84@1311A591H PAHs 16 %A N1¥lumsnaass Nuns1zHaw
& o = Y 9 ' a o Y

1A309 HPLC-DAD asudalugili 6 Tasanududuvesars PAH uaazwtasiuialdainms
a g}z [ < o v
Moy peak area UYD3 PAH HFUAUU € Tu Chromatogram N1 calibration graph FIANUFUNUT

1 [ [ v A
FEHINANUTNTUYDIET PAHs Tu @13a2a10m1as§Iu N peak area THANUFUWUTIFUdY

1 ] ] o o {a 4
Taefinn R’ oglua9 0.9993-1 azd11i5y Chromatogram YoId15MIATFIU PAHs NAATIZHA0

1A309 HPLC-FLD aduaaslugilin 7 Taelinn R® oglumsae 0.9995-1

[}
A

51 5 19599 HPLC-FLD couple with DAD (Agilent, 1100) #11%1un1531n51¢ a5 PAHs

a13197 3 QeulvdmiumsinszinmlSinaats PAHs ludiuveseynindle HPLC-DAD

Time (min) Acetonitrile (%) Ultra pure water (%) Flow rate (mL min'l)

0 35 65 1.0

5 35 65 1.0
20 80 20 1.0

35 100 0 1.0

35 100 0 1.2

37 100 0 1.2

40 100 0 1.0
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{ 4 ) [ a o =Y 1 (%))
A1519% 4 ﬁ@uhlellﬁWW'i‘UﬂTi’JlﬂiTgﬁﬁTﬂﬂJWi}!ﬁWi PAHs Glumwumﬂwﬁw HPLC-FLD

Time (min) Acetonitrile (%) Ultra pure water (%) Flow rate (mL min_l)
0 35 65 0.6
5 35 65 0.6
20 60 40 0.6
60 90 10 0.6
70 100 0 0.6
80 35 65 0.6

A A ) o Y . ) o o . a J Y
ATNNN 5 ANUYINAU (?\.) FNIUNITTAU (excite) HATTAINTUNTIVIA (emit) Tumsinsizriaig

HPLC-FLD

PAHs compounds Excitation (nm) Emission (nm)

Nap, Ace, Fle 280 340

Phe, Ant 250 400

Flu 286 433

Pyr 331 392

BaA, Chr, BbF, BkF, BaP, DBA, BghiPe 264 407

IDP 294 482

- 280 340
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mAU

Ant
76

6

56

44 Act
BaA+Chr

3¢
Ace+Fle

24

14

BbF

31U 6 TnsunTasunsnvedansuns g1y PAHs 16 ¥ia 0

a

AR5 881A5 09 HPLC-DAD

P A, i, EmscEl, TTET0PARDS [

o |F‘§ 4§
'['I"; ;&8 BaP
] § Ace+Fle 8
S B || Ant 3 ¢
tin ] ) E BaA+Chr g aﬁgw’
| . | ' : § n a0 DBA L
1 I | Ll ¥ i g I
an &
| Na || ¥l E.-:f’“"n ¥ iﬁ' “%ghme t#
04 | H , ek Y §
.l AL e L BT fi mg:dinﬂ
fi4 L - l R A L Y- | P ! L T I WY
M g M 5 8 M 1 :

1 7 TasuTasunsuveeensnIAT§IU PAHS 16 ¥iia N31A3121A101A509 HPLC-FLD
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Limit of detection

Limit of detection (LOD) foanudududigaiiasosdinisonsrany1d el Tae

Y
ANUIUDINAT signal to noise ratio 1NN 3:1 Taaowy peak area U939 PAH ¥UAUU €] N signal to
noise ratio FINVIIN1TINTIZHAIIAT0I HPLC-DAD A1 LOD ¥09e15 PAHs oglurianiios

17123 - 48.4 ng mL™ daaaslumisiei 6

Y o

AN 6 MANUTUTUM ATAVDI81T PAHs Namnsaaitanyla

Q

PAHs Limit of detection(ng mL")
NaP <24.1
Act <48.4

Ace+tFle <28.7
Phe <24
Ant <24
Flu <4.9
Pyr <23

BaA+Chr <4.8
BbF <4.9
BkF <24
BaP <23

DBA <4.8

BghiPe <4.8
IDP <23

Recovery

] ]
1A 1

A . Yy 9 g Sy
Recovery f9N17 spike ANUAINUUUDY 9 maqmimmgmmgmmmuau m"hﬂu

1 Y
G’]’J’EJEJ”I\‘lLﬁ’EJ@Jﬂ”lﬁi!ﬂaﬂﬂlﬂﬂﬁ”liﬂ"lﬁiﬁ"luuuﬂ Iﬂﬂﬁ”ll!?]ﬂﬁ]”lﬂg@]i

%R — Measured value <100

Real value

' Y 9 Ao YA a sy A A
Measured value = AMANUANUVUUBI PAH mﬂllﬂmamuﬂizu’;umiamﬁzwmmmmm

1 Y Y a Hq Y
Real value = AANUNVNUHITIVOY PAH T]i“]fll!ﬂ”lﬁ‘ﬂﬂﬁﬂ‘ﬂ
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a Jd o o a e 1 ] ] U [
Recovery U9dN13UATIENE1T PAHs a1 IUITUD Bl wmmqiumwzmn 52-101% A4

uaaaluaisian 7

A -4 A ) ' a
AT NN 7 Lﬂﬂil“ﬁuﬁﬂﬁﬂuﬂﬁﬂ (Recovery) UDIF1T PAHS UAQASBUR

PAHs Recovery (%)
Nap 52.41
Act 58.47

AcetFle 67.38
Phe 56.53
Ant 76.94
Flu 69.83
Pyr 91.73

BaA+Chr 88.58
BbF 99.14
BKkF 100.10
BaP 101.49

DBA 93.12

BghiPe 95.10
IDP 94.89
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a d
4. FAN1TNAADIUAZIDITY

4.1 ﬂ1§ﬂi$‘i]'IEI‘U@QGll1!1ﬂ’ma!ﬂ1ﬂ!!ﬁ$ﬂ31ﬁl!“ﬁﬁl"ﬁ1’ﬂl®ﬁﬂgﬂ1ﬂ

Y
[ o w

= = A I ~ <3 1 =\ o
1AMIANE1 10138 UATDBUAAFANANUISITOU 2400 FOUADUIN S uLTU
A A Adq 9= A Ay v
woiwaan 19An11 Ao BO B10 B20 B40 B60 uaz BI00 WAN13NIZ10U099UIADYAIAN 1A91N
:&’ a 1 A I H . . v v
mswn lidvoudem@waazaiia iunnuTnuni@e) (unimodal behavior) taaslugl 8 Fsuua
[ 1 ] [ . I~ 1 1 4
Yo oYMAaIuIMY oy 1uTI9U04 accumulation mode I YUIAANNI1 0.4  pm HAZWUI D
o ' o = A X ) .
oasraavuveainiu lu Tefwamuauih1dUSiuuesoyninTassau (total particulate matter, PM)
P 1 @ 4 { 3 1 a
imndy asdaalugli o wazoinnsllugli 10 waadldiuntSneeymalulodoves
A 4 Y o D 1 = A 9 %’ v A o 1
insosuanlsiuTasasanutsunaaiunauveodluTedsa o lninfunlisasiaiunauvea lu
= ,&f o Y A A 49! 1 =\
ToArawnyu i lieymavua <1.1 um JU5u0103u uaoyMAYUIA >1.1 um N5
Y [ A A a A sol o = ~ % %’ v A ~
tovas awaaslugii 11 wenasanauidvesiiuluTedwaieunuiniudimaluasian 8
3 1 ’o‘ %’ Y] ~ [ So’ v A = 1 R o Y 9
sziwiundsuaniluindu lu Teawaunninlurhaiudmans 10 m1 3 ldanuiouveansen
9 g o ~ % 301 o = ~ 9 dy 9 %} v A 9
Twdveainiu luTefraanas dszasunruiiniu'luTetwanld lunisnaasail 1darniiniunldy
Yy = 1T A A a < o 1 A ° T 9 = Y A
NoAUAIFINUNTUT I NaE@MoTAINIUINTIIU (Rod1n1ieas 96.5) UnalddTuw
a = 9 9 a0 A J %’ v A o Y Y =
pondaululuTefativeasainlidre wazlimanunilaganininiudaa duand ) 1a 1
] [ I~ ] . < 4
Faw Tnad 18 liviua wazarvuiwiluaiuues SOF (soluble organic fraction) Hautlueenilsznow
] a 1 3 A a 3 < =
YpI0YNIA NolHNAL (BYNIA) MINTU tazeymannaInTulueynavuIRaDen (<1.1
= = A Y 1 a = 9 1 g’z Y
um) ¥9 hidaegunmiiosninadunsadigszuumaaunelvand I luduvesindealdie
o %’ v 1 o w g =Y %’ ?:’ @ I o
e ldininiuluTeawa lddunszurunmsmdaii 1ddSuaniluiuiudlu ldaudesvua
a L4 v A o 90’ o = A o w %’ [ A d o Y
V9INTLNIWWIAFY wuIudesniuluTefmanmiunsmdniiunagounuaIeaeudyii 14
9 d‘ =1 [ g @ = ~ ] Y o w g
Ysuaeymnanasdosas 66.4 woiounuiniululedwan luldriunszuaunsidaii uaz

1 4 90‘ v A o d'
Pnaeumadesniuileliniudrandosas 18 awaaslugla 12
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I 50
vz B10

XY B40

B B20

BN B60
[ B100

>11.0

4.7-70 7.0-11.0

3.3-47

2.1-33

Particle size (um)

fu'luTofisa

Y
o

1

]
=

I

Nﬂl@ﬁlﬂ%ﬁ]ﬂﬁlu@]ﬂl“ﬁﬁm@

9

Tn

B20 B40 B60 B100

B10

Type of fuel

uluTle

v 3
KU

1

]
A

(G
TONYUAALTALUD

1]
A

)
YDA

A A
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'
A a

<0.07 0.07-0.43 0.43-0.65 0.65-1.1 1.1-2.1
a

Iﬂ&li’)u‘mﬂﬂﬁ]Wﬂﬂﬁ!WWVlﬁ

BO

1.8

1.6

T
<
—

(¢-Ww Bw) uonenuadUOd Nd

1.2

1.0

VYUV UIADUNANLINADINNITLIN

v
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WTuLaa
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6 .
. y=0.0277x+ 2.3034
R? = 0.952
mE ’
o
£
z3 .
i
8
2 9
1 -
0 T T T T 1
0 20 40 60 80 100
percentage of biodiesel

A g’; = Y A = A 91%’ v A
g‘IJVI 10 ﬂ‘%mmaumwwmiu%mamnmimﬂﬂmmmimau@mmama%umummumu

so‘ v = J U
W@QH1NH1UT@@]L%@LL@ﬂ@]NﬂH

2 0 0N

Type of biodiesel blend

Percentage of particle

A [ 1 = 9 A I A ¥ o Aa
gﬂ‘ﬂ 11 aaaIUUDIDUYNAVUIAAN 11!llﬂLﬁfﬁ]1ﬂﬂ?ilw1qﬁumﬂﬂlﬂﬁﬂﬂﬂuﬁﬂlqﬁaLllﬂi“]ﬂﬂilutﬂll

1 aO’ % 1 U
arunauveatiniuluTedanuanaianu
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< an P o oa Y o a
ATNN 8 AUTNVAVDIUINUALYD (BO) uazumu"lﬂamcm (B100)

. AT R TREUT] -
ﬂmﬁuwmmu - - nagaou
Aura (BO) TuTefa (B100)
Flash Point (°C) 73 171 ASTM D93
Cloud Point (°C) 9 12 ASTM D97
Pour Point (°C) 1 10 ASTM D97
Density at 15 °C (kgm") 833 878 ASTM D1298
Viscosity at 40 °C (cSt) 3.54 4.66 ASTM D445
Copper Strip Corrosion No.la No.la ASTM-D130
Acid Number (mgKOH g_l) 0.006 0.32 ASTM D664
Oxidation Stability at 110 °C (hrs) 39.09 2.15 EN 14112:2003-001
Water content (%owt) 0.009 0.090 ISO 12937:2000
Carbon Residue (%owt) 0.1 Less than limit of method ASTM D4530
Sulfate Ash, mass <0.005% Less than limit of method ASTM D874-07
Ester content (%) 24.06 95.50 BSEN 14103:2003
Linolenic Acid Methyl Ester content (%) - 0.56 BSEN 14103:2003
6
5 T
s 47
'€
£
s 37
o
=
o
=P =
1 -
O T T T
BO B100 B100 heated
Type of fuel

A P Y 9 A a A o A 99 o oa
gﬂﬂ 12 L'IEEI‘UL“VIEl‘Uﬂ’NiJLGUiJGUHGUENf]lgﬂ']ﬂiﬂﬂ'i’luﬂlﬂﬂiﬂﬂlﬂﬁ@ﬂEJHGI@L%'@HJ@%SHWNH@L“]@ (B0O)

TuTedra (B100) taz luTofranmiunszuIun1smaniil (B100 heated)
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4.2 USinawes PAHs luaiuwveams
a J A a a a J A ' 23
nnMsinNgilsnuvesaiswed leadnue Isunanlalasaisueu (PAHs) feglume
{ a aol o { [
mAaanmsw Indueeiniu Bo B10 B20 B40 B60 waz B100 udaslugld 13 nuianw

Yy 9 1 a [ A o ? o 2 A X A 4]
LUNUHUDY PAHS LL@]E’I$“lfuﬂ11!ﬂ']‘:lfaﬂa\1Lll@ﬁﬂﬁ?uu’]uu"lﬂiﬂﬂlcﬁa!WNﬂlu iag PAHs ‘VIW’]JGL‘L!ﬂ']G]f

3 VoA

= g % :) 1 1 1
%Lﬂuﬂaumu1wuﬂ1maqamqLﬂuﬁauiwiy, %Y Napthalene (Nap) (L8¢ Acenaphtylene (Act)

q

< 1 o 1 [ a  J 4
10317 14 szundadiuTasndaved 2-3 ring PAHs 111n0n71 4-6 ring PAHs Aatilu 98% 1iio
% g/ { 3 1 4 ¥ o I j’ L)
nFeufsununanua uazgli 15 uaaslimuaudelsiniu luTedwadlwsemwasilduas
a a a 4 A 2] A ~ v 3w
voaa15nea laaanie Isunan lalasmsueu (PAHs) nnulumwanaien/Toumeunuinaiy
a g ) o ¥ o
Aa (B0) Tasmsanasaailudesaz 20 27 30 34 uaz 37 §wsuriu B10 B20 B40 B60 1az
o w d‘ 9 Y 9 = 1 d‘ 1Y U =
B100 Mua1ay wah laaeandeantsieau He wazanz(2010) Fanyiuilodadiv luToawsalu
dy a A 49! o Y 9 a I [ = Y] " .
WornaunuIuiilva1s PAHs  lumaanasnadly 3.5-5.7% 15UIASINY Corréa 1A% Arbilla

(2006) WUNMIUaoea1s PAHs anad 2.7-17.2% ienfSsumeunuiiniuamsa

10000
I BO
vz B10
—~
& 1000 - B8 B20
& Y B40
N
@ § E== B60
N
= \ [ B100
o N
g=] N [
N N
© N N
£ 100 - N |
c N N S
g N \
o N N -
c s 5 s AR ;ﬁ
) N \ N N | AN
o \ \ \ NI | /N
N \ N N | | N
I N | | N NY | | VRN | RN
< N1 | N N (AN | 7N
10 - \ \ N N | | AN
o N | N N | | AN | N T
\ N N N | | RN | 7
N \ \ N | | RN | 7
N | AN N | | RN | VAN | 7
N N N N | | RN | 7
N N N N RN | |
N N N N AN %
N N N N | | AN | 7
N N N RN 7
N \ N AN Y
N N N N AN %
N N N N 7:\ 7
\ \ \ N | | RN | 1
1 ,g 2N 2N AN AN %
B B

b

Ace+Fle P

=3

e Pyr BaA+Chr F kF BaP DBA BghiPe IDP

PAH compounds

A Y ' A A 19 @ Ayy v A o=t A qu
ﬁ‘IJ“VI 13 ANUVNUUUDIPAHS L!ﬂag“ﬁuﬂﬂﬂﬂﬁluﬂWGﬁﬂqﬂ%1ﬂfn'iLWW‘l‘VilJﬂlﬁ]ﬂlﬂﬁ@ﬂﬁluﬁﬂ!%’am@i“ﬁ

U U

Y
o w

il TeRanauuaaz ¥iia

22



B100 -

B60 A

B40 -

B20 -

Type of fuel

X 2-3ring PAHs
W 4-6ring PAHs

B10 A

BO

20

40 60
PAH mass ratio (%)

80

100

' o ' ' ' W v i & A %I o
51 14 dadrnTasuraveaPAHs feglumah laanmsmn ndveunsoseudamaiioldini

luTeRranauuaaz¥tia 1WFeufion 2-3 ring PAHs 1182 4-6 ring PAHs

14000

12000

10000

8000

6000

4000

Total PAH concentration (ng m™)

2000

BO

B10

B20 B40

Type of Fuels

B60

B100

A A ® Ay Y Y A I A 93 o =
ﬁﬂT]15NﬁiﬁN%GQPAHSﬂ@ﬂiuﬂ1%ﬂ1ﬂﬂ1ﬂﬂ1ﬂﬂ11ﬁN%GMﬂi@ﬂﬂuﬂﬂm%ﬂuﬂi%uWNuqﬂjﬂﬂﬂﬂﬁ

U

NAULARSFUA

U
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4.3 USinawes PAHs luaiuvesaymn
a 4 g’./ a d' d' 1
Ha9INMIAAIIEHYTMNUEs PAHs N3 16 ytiannylueyma uaadlugln 16 wun
4 1 g v A 3 1
HATINVEIES PAHs Tuoymannuuiaaaad wedaaiiuluTodwamiuiu uaz PAHs dau
Tngjrznuluoymanfiving < 3.3 um anududuvesals PAHs uaazyiaanasnudadin
%’ Y = A A dgf [ ~ = A [l 1 I
i o ToRanimuau awaaslugii 17 Fsa1s PAHs AinudainInajeziily Napthalene (Nap)
I 1 1 %’ ]

Acenaphtylene (Act) Acenaphtene (Ace) ¢ Fluorene (Fle) L‘]J‘L!ﬂ@]llﬁ 15 PAHs ﬁﬁumuﬂimaqa
o a iy v & a
a1 mannmaw Tudn hiauysolvoutoiwds (Staat agAme 1995, Marr agANz 1999) @13

Aa ¥ Y o . Y = Yy 1
PAHs ‘nuumuﬂimaqam (Low molecular weights, LMW) UsLNoUAIWINVUTU 2-3 29 1aun

]
Nap, Act, Ace, Fle, Phe 11ag Ant @13 PAHs Numiin Tuanaiunaie (Mid molecular weights,
] { g %
MMW) 1/52noudiedauudy 4 19 14uA Flu, Pyr, BaA uag Chr uazals PAHs Nuymin
Turanagy (High molecular weights, HMW) 1/52noua1829udu 5-7 29 1Aun BaP, BbF, BKF,
DBA, IDP uag BghiPe (Yang tagAal 2002, Tsai Lagay 2010) 319 18 uaasdadiulaguia
H 1 % -7 1 1 { ?JI u ‘O X (%3

Y09 PAHs futsuihmviinTuana daulngwuas PAHs NNivin Tuanad dsdoandoeny

NUITINOUNTN (Staat LAZAL 1995, Lin LAZAME 2006b, Liu tazAde 2012) d11UFUHATINVO

a K o

d' ' d‘ [ 1 %l v = % v dy a 2 Y
@13 PAHs uﬁ@ﬂugﬂ‘n 19 ‘wmmaﬁ@ﬁauu1uu”lﬂamma1uu1uuu,ﬁvm‘wmm vu mMlvinasu

A3

o w

¥04e13 PAHs inulueyninanas Aadludesas 16, 26, 30, 34 uaz 48 dwmsuriniu B10, B20,

B40, B60 118 B100 A1ua 19U

800
N B0
- 2 B10
o
‘s B B20
> 600 N B40
£ ! B B60
c 7 N B100
= /
+— / 1
© 78 7 ?
= 7\ 7 %
c RN 7 5 5
o 4007 AN || / / 7 73
8} BN % 7 7N 7 AN
7N Y ’ VBN / BN Y
= BN 7 % 7N % 7\ 7
S 2Nl N (BN (P N ¢ 7
8 A By (AN A R A ;-
N N N N N 7 /
z oA e L R
< RN RN AN RN N AN 7\ 7\ 7N
a RN RN AN N AN AN AN AN N
i 7N BN RN 7N RN EN 7\ AN BN
= 200 AN (AN (RN (N RN | R N (AN | AN
S AN AN (AN PN N | N (AN |
° AN (RN (RN (RN RN | R AN (N | N
= ANl (AN (NE (RN RN | AR VI
7\ BN BN 7N BN AN N N BN
BN BN BN VBN BN 2N AN N 7N
75\ BN RN 8N 7\ 7:\ BN N BN
N BN 7N\ 7N BN N 7N N BN
7\ BN BN 7N BN AN 7\ N AN
BN BN BN VBN BN 2N AN N 7N
/4N /4 4 / 4 4 BN RN N
0 RN | VRN (VRN | RN | VRN | RN e | RN | RN
2. 3. 1 1.

<0.07 0.07-0.43 0.43-0.65 0.65-1.1 1.1-21 21-33 3347 47-70 7.

=}

1.0 >1

Particle size (um)

A ' A a D) A 7 A qu? o
519 16 PAHs GLU’E)‘L!ﬂ”IﬂEUlHﬂ@]N il TlLﬂﬂinﬂﬂWﬁLNTll‘ViﬂJsllﬂﬂm5@\181!@]%“]5?]!;1161%141%1!1‘“16
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PAH compounds
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6000

5000

4000

3000

2000

Total PAH concentration (ng m™)

1000

0 T T T T T T
BO B10 B20 B40 B60 B100

Type of Fuels
A A Ay ¥ ) 4 7 4 qu? o
5UN 19 #a5INVOIPAHS 14@g“lumgmﬂﬂ"lﬂmﬂﬂmm”lﬁmmmimwmwamaiwmu"hﬂa

U

ABANA NN DLW IUA

2

4.4 mtszliuszavmanuiluiivves PAH (Evaluation of PAH corresponding carcinogenicity)
! . . Y o 9 a 1 3 a
A1 Toxic equivalency factors (TEFs) "lﬂgﬂumﬂﬂflumiﬂ3zmummwmﬂuwwmmi
A A ) A I ~ o oA 1 a3 A
PAHs Tllﬂﬂﬁl”lﬂﬂ”lim”l"lﬁiﬂlﬂﬂmiﬂﬂﬂu@m‘ﬂfa Tagieuny BaP B9n01udues PAHs nuAIAINY
g a o 1 I a Y 1w o A = 1 o
SIETY g WMHUANIANUY UNYUDY BaP Il’;l!,‘VI"I'ﬂ‘]J 1 Ll @15 PAHs mauﬂwmgmnmqﬂu"lﬂ
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Abstract: An experimental study of particulate matters
emitted from a conventional diesel engine is carried out
using ethanol-biodiesel-diesel blended fuels. The
immiscibility is a major drawback of blending ethanol
with diesel, which leads to phase separation. In this work
biodiesel, another renewable fuel, was used as an additive
to stabilise ethanol in diesel blends. The mixing ratios of
blended fuels were chosen using the phase diagram of the
ethanol-biodiesel-diesel ternary system. Then the
ethanol-biodiesel-diesel blended fuels were kept for 30
days to observe their stability during one-month storage.
The fuels used in this study were diesel (B0), blend of
20% biodiesel in diesel (B20), and blends of 5%, 10%
and 20% ethanol in B20 named as B20ES5, B20E10 and
B20E20, respectively. All of them showed no phase
separation during one-month storage. The particulate
matters emitted from the exhaust of diesel engine were
collected using an Andersen sampler with inertial filter
option (ANIF) to separate the particles into ten size
ranges: > 11.0, 11.0-7.0, 7.0-4.7, 4.7-3.3, 3.3-2.1, 2.1-1.1,
1.1-0.65, 0.65-0.43, 0.43-0.07 and < 0.07 pum. The results
indicated that they are mostly in the particle diameter
range of less than 0.4 pm. In comparison to B20, the total
particulate matter concentrations increase by 1.2, 5.0 and
13.4% for B20E5, B20E10 and B20E20, respectively.

1. Introduction

Ethanol can be used as an alternative fuel to reduce
the consumption of fossil fuels, as well as to reduce air
pollution. It can be produced by converting starch
content of biomass feedstock into alcohol (bioethanol)
and then can be mixed with diesel (called diesohol) or
gasoline (called gasohol). One of the main problems of
ethanol-diesel blends is the occurrence of phase
separation because ethanol and diesel are immiscible.
Biodiesel, produced from transesterification of
vegetable oil or animal fat feedstock, has potential to
be used as an additive to improve the solubility of
ethanol in diesel fuel [1].

It has been revealed that emissions of particulate
matter (PM), unburned hydrocarbons (HC) and carbon
monoxide (CO) from renewable fuels are reduced
relative to diesel fuel. However, there are differences
in some details such as engines, fuels and the mixing
ratio of fuels used in the experiments. Shi et al. [2]
found that ethanol-biodiesel-diesel blended fuel can
reduce soot and particulate matter of 48% due to more
oxygen content in the blended fuel. Similarly,

Can et al. [3] found that ethanol-diesel confirmed
reductions in soot, CO and SO..

In this study, the mixing ratios of blended fuels
were chosen using the phase diagram of the ethanol-
biodiesel-diesel system. Additionally, the effects of
ethanol in biodiesel-diesel blends on characteristic of
particulate matter emitted from diesel engine were
investigated.

2. Materials and Methods

2.1 Phase behaviour of ethanol-biodiesel-diesel system

A phase diagram of ternary system (ethanol-
biodiesel-diesel) was studied. Mixtures of ethanol-
diesel were prepared ranging from 5% ethanol (E5) to
95% ethanol (E95). Then, biodiesel was slowly added
to each ethanol-diesel mixture until clear solution was
obtained. The volume percentages of each component
(ethanol, diesel and biodiesel) at the point where the
mixture was homogeneous were calculated and plotted
on the triangular diagram.

2.2 Fuel preparation

The fuels used in this study are as follows: diesel
fuel (BO), blend of 20% biodiesel in diesel (B20) and
blends of 5%, 10% and 20% ethanol in B20 (B20E5,
B20E10 and B20E20). Diesel fuel was purchased from
Bangchank Petroleum Public Company Limited.
Biodiesel was obtained from Specialized R&D Center
for Alternative Energy from Palm Oil and Oil Crops,
faculty of engineering, Prince of Songkla University,
Thailand.

To prepare blended fuels, first, ethanol (Merck,
99.5% absolute) was mixed with biodiesel to lower
ethanol surface tension then the mixture was added to
diesel fuel. All blends were stirred for 15 min to obtain
a homogeneous mixture. Then the ethanol-biodiesel-
diesel blended fuels were kept motionless at room
temperature for 30 days to observe their stability
during one-month storage.

2.3 Engine and operating conditions

The engine used in this experiment was a
conventional indirect injection (IDI) turbocharged
diesel engine (Type 2LT, Toyota, Thailand). The bore
to stoke ratio is 92 mm: 92 mm and the compression
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ratio is 21: 1. The maximum power is 69.14 kW at
4000 rpm and maximum torque is 215.75 Nm at
2400 rpm.

Before each experiment, the engine was warmed
up for a period of 15 min to reach steady state
condition. The exhaust emissions were collected using
an Andersen sampler with inertial filter option (ANIF),
which can separate the particles into ten size ranges:
> 11.0, 11.0-7.0, 7.0-4.7, 4.7-3.3, 3.3-2.1, 2.1-1.1,
1.1-0.65, 0.65-0.43, 0.43-0.07 and < 0.07 pm. The
particles were collected on quartz fiber filters (Pallflex,
2500QAT-UP, USA). Before sampling, the filters
were treated in a desiccator at constant temperature
(25°C) and constant humidity (50% relative humidity)
for at least 72 hr then weighed using a five-digit
readability analytical balance (Sartorius, CP225D,
Germany). After sampling, the filters were treated
under the same conditions as before sampling and
weighed using the same analytical balance. The
weights of the particles collected on each filter were
then calculated.

3. Results and Discussion

3.1 Phase diagram of the ternary system

Figure 1 represents the phase diagram of the three-
component system (ethanol-biodiesel-diesel). It shows
that ethanol and diesel are completely miscible when
ethanol content is less than 20% or more than 80%.
Biodiesel is soluble in both ethanol and diesel.
Therefore, adding biodiesel can improve the solubility
of ethanol and diesel. The mixtures with biodiesel
more than 5% give homogeneous (one-phase)
solutions. The mixing ratios of blended fuels used in
this study were selected from one-phase region of the
ternary phase diagram.
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Figure 1 The phase diagram of the three-component
system.

3.2 Particulate matter emissions

Figure 2 shows that the total particulate matter
concentrations increase with an increasing of ethanol
in biodiesel-diesel blends. The emitted particulate
matters from engine increased by 1.2, 5.0 and 13.4%

784

for B20E5, B20E10 and B20E20, respectively, in
comparison to B20. Many researchers concluded that
the main factor affecting particulate matter emission is
the fuel oxygen content [4-6]. However, the increases
of particulate matter concentrations also depend on
other properties of the fuel such as cetane number,
viscosity, density and vaporization of fuel. For
instance, Yusop et al. [7] found that the heat of
vaporization of ethanol is much higher than diesel,
thus adding ethanol in diesel will decrease the
temperature in the combustion chamber which leads to
incomplete combustion.

Total PM (mg/m™®)
w

T T T T T
BO B20 B20ES5 B20E10 B20E20

Type of fuel

Figure 2 Total particulate matter concentrations from
emission of conventional diesel engine using different
blended fuels.

I <0.07-0.43

w2 0.43-2.1
B 2111

PM concentration (mg/m™)
N

AN

/=

BO B20 B20ES B20E10

B20E20

Type of fuel

Figure 3 Concentration of particulate matter emitted
from a conventional diesel engine using different
blended fuels for nuclei mode (particle size < 0.1 pum),
accumulation mode (0.1 um < particle size < 2 pm)
and coarse-particle mode (particle size > 2 um).

3.3 Size distributions of particulate matter

The size distributions of particulate matters emitted
from the engines fueled with B0, B20, B20E5,
B20E10 and B20E20 are shown in Figure 3. The
particle sizes are divided into the nuclei mode (particle
size < 0.1 pum), accumulation mode (0.1 um < particle
size < 2 um) and coarse-particle mode (particle size >
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2 um) [8]. For all cases, most particulate mass was
found in the < 0.4 um diameter range. The particles in
this mode are formed during exhaust dilution and
cooling, and may also include solid carbon [9]. It can
be observed that the increase of ethanol in blended fuel
causes an increase in the nuclei and accumulation
mode but a reduction of coarse-particle mode.

4, Conclusions

The particulate matters emitted from the
conventional diesel engine fueled with ethanol-
biodiesel-diesel blends were investigated. Increasing
the ethanol concentration in the biodiesel-diesel blends
leaded to an increase of the total particulate matter
concentrations. Most of particulate matters associated
with the diameter range < 0.4 pm.
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Polycyclic Aromatic Hydrocarbons from Biodiesel Combustion
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Introduction and Objective

Biodiesel, a fuel that can be made from renewable biological sources, such as vegetable oils,
animal fats and waste cooking oils, may reduce pollutant emission from diesel engines. In the present
work the characteristics of particles and polycyclic aromatic hydrocarbons (PAHS) from emission of
engine fueled by biodiesel were studied. The fuel used in this study were commercia diesel (BO),
biodieseal derived from waste cooking oil (B100) and blends of both diesel and biodiesel with theratio
of biodieseal to be 10%(B10), 20%(B20), 40%(B40) and 60%(B60).

Methods

Particle bound PAHs and gas phase PAHs from diesel engine (Toyota, type 2L-T) using different
blend ratio fuels were collected. Particles were size-fractionated by an Andersen sampler with inertial
filter option (ANIF) and XAD-2 cartridge (SKC 226-30-06, 400/200mg) was used to absorb gas phase
PAHSs. Filters (Binder-less quartz fiber filter, Pallflex, 2500QAT-UP) and X AD-2 resin were extracted
ultrasonically with dichloromethane. The extracts were concentrated using a rotary evaporator and
redissolved with 450 pL of acetonitrile. PAHs were determined using high performance liquid
chromatography (HPLC) with Diode array detector (DAD) coupled with fluorescence detector (FLD).

Results

Most PAHs found in gas phase were low molecular weight compounds such as Napthalene
(Nap), Acenaphtylene (Act) and Acenaphtene (Ace), when the percentage of biodiesel was increased
total PAHs from emissions of the engine were decreased by 20%, 27%, 30%, 34% and 37% for B10,
B20, B40, B60 and B100, respectively.

Conclusion
PAH concentrations from emission of the conventional diesel engine were decreased with
increasing biodiesel fraction.

Keywords: polycyclic aromatic hydrocarbons, diesel engine
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