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Abstract

A number of studies currently focus on the alternative fuels to reduce the
reliance on petroleum fuels. Biodiesel and ethanol are among candidates which are
widely studied and tested in many countries including Thailand. Blending ethanol with
regular diesel to form diesohol has been known as one of the strategies to reduce the
use of regular diesel. However, an emulsifier is needed to homogenize the blend. In this
research, biodiesel offers an alternative application as an emulsifier and wear additive
for diesohol. The emulsification tests were conducted to select the proper blends.
Physical and chemical properties of the selected blends were examined to meet the
requirement of a conventional diesel. The results from the experiments were promising
except the flash point. The performance of the selected diesohol blend consisting of
5%(vol.) biodiesel in the blend of a conventional diesel (D) and ethanol (E) with the ratio
of 95:5 (by vol.), respectively, was tested on a pickup truck with a 2.5L inter-cooled
direct injection diesel engine. Emission testing was conducted on a chassis
dynamometer using a Bangkok Driving Cycle. The engine performance and fuel
consumption were also observed. It was found that the emissions of CO,, CO, and NOx
are insignificantly different from those of the conventional diesel. However, diesohol
blend showed a reduction in particulate matter emission compared to the conventional
diesel. Diesohol showed less maximum power output than the conventional diesel due
to its less heating value. However, the fuel consumptions of diesohol and diesel are
insignificantly different.

Keywords : Biodiesel, Diesohol, Emission, Engine Performance
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A1397 2-1 ANHUZUALAUNINUDINTUALTE W.A. 2549 [2]

v

YNNI UG AMFNLIR Anasay
ﬂ'w‘iwq@ AGIFA
1 Specific Gravity at 15.6 °C 0.81 0.87 | ASTM D 1298
2 Cetane Number #38 Cetane 47 50 ASTM D 613
Index
3 Viscocity, cSt ASTM D 445
at 40°C 1.8 4.1
at 40°C - -
4 Pour point, °C - 10 ASTM D 97
5 Sulphur, % wt - 0.035 | ASTM D 4294
6 Copper Strip Corrosion - No.1 ASTM D 130
7 Oxidation Stability, g/cm3 - 25 ASTM D 2274
8 Carbon Residue, Y%wt - 0.025 | ASTM D 189
9 Water and Sediment, % vol. - 0.05 ASTM D 2709
10 Ash, %wt - 0.01 ASTM D 482
11 Flash point, °C - 0.01 ASTM D 93
12 Distillation temperature, °C - 357 ASTM D 86
(90% recovered)
13 Polycyclic aromatic - - -
Hydrocarbon, %wt
14 Colour ASTM D 1500
-Hue - -
-Dye, mg/I - -
-Intensity - 4.0
15 Methyl ester of fatty acid, %vol - - -
16 Lubricity, um - 460 CEC-F-06-A-96
17 Additive - - -
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3.3 NINAFDUAMANTANITDINGY
3.3.1 3TMIIAANANURBAALLLNGN (Kinematic Viscosity)
lunmsiadianuniiesunsanageuauuaigin ASTM D 445 lagia3addiadn
ANuniasnlula (Automatic Viscometer)
3.3.1.1 WAwdlogaaniadiinaIntas wasinlinasnaaanasad  laglw
o s [ |c; 1 é : { Y a v
imwaomamaagmmwa‘uuumaama@maaoﬂi:mmmamLﬁaﬂadﬂummﬂawm
Munlurmenagay
3.3.1.2 1MNINABANARDIAILUD1AA28E19 (Sample  Tray) wadLRawnanawin
ARUINNIaNrinmInarau
3.3.1.3 naduiialsurimimesey
dl o s ?; v A 6 1Aa n:ll 1 dl 1
3.3.1.4 1030992NNITIANIAINIT ARSI N WA g o A US NI TAINAIRTES H
A o A A A . . A a @ @
WWIBsIanNNRtauuuLAlTanT (Glass Capillary Viscometer) @sgauifisuuainigla
= 1 =) ) v 1 [ a
am’mmm@maﬂaﬂ mm’lwungﬂmmmlmywaamiuw@aﬁﬂtuawlunﬁivlﬂa
. A o o & ° o A A [ A o A
(Flow Time) Nzaniule 2 aTaundmimnuaainuaaIadinanunila asgumsi (3-1)
v =Ct (3-1)
=} 1 =} = 1 I
Tag v fa ananuniadniaein oSt
A ) a & P Y
C  fa dianvasgdnsaliannunitalnegnurmaves
walilan3 (Capillary)

t fa iZEJZL’JE‘]’]iZ%']"Nﬁ;@
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3.3.2 ATMIWIENANNUTWINE (Specific Gravity)

luﬂﬁi"i’@ﬂ"]mﬁuﬁwaﬁnww:ua:mwwmLmummmmaaumummgm ASTM D

4052 lagia3ad Density Specific Gravity Meter
3.3.2.1 130970ANNRWILUL LATDIBEINITDUITAIANAB AN LaRa1LAfa

A o ' ' ° A o oA o ' A ]

FINTDNANWIDE A1ANVEIINITN 60 F ANNAWILUBN 156 C @1 APl 160 F

TaLaIaIIAAMURMILUL LAULRAIAININA 3-1
a :/ o A €d' U 6 (2 s
3.3.2.2 @NIud lrgeandasmInasauadlulmas (Cell) La1989b U009

MW N 3-2

3.3.2.3 (WanIaafitlun1iied (Power) 1ia3adrinau ntuiatasaziinig

UIZUIANALRILFAINADANAN

ANT 3.1 LAT99IAANURUILLL (Density Specific Gravity Meter)
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NG 3.2 eRldmasi aa UL
3.3.3 3Em3wnanain (Pour Point)
lumsmanalnsmunsanaseuauuasgu ASTM D 97lagldia3as Pour and

Cloud Point Tester §31 ISL §u CPP 5Gs S/N 325 ﬁ\‘m’lwﬁ 3-3

3.3.3.1 Was1enaslin (Cooling Bath) LLazﬂ%'ué?dqmﬂgﬁ’lﬁaa@ﬂﬁadﬁ‘umq@
Inamuassingudima

33.3.2 Manudenuriinguilosedd 45 “C uazislimdnd 15 “c lugnein
(Water Bath)

3.3.3.3 #Aanasa3s (Fit Cork Ring) wazlaadlunwuzladiatnnasey
(Test Jar) 1o pliiganniudszano 25 Sadwas

3.3.3.4 ihmousldadradrmagaunsasludrunisiiaon’y udrsznauin
éﬁuuumao"q@l,ﬂ'%'aamaauq@"lmalm (Pour Point Head)

3.3.35 ﬂ@ﬂwﬂ@l,ﬂ‘%f'aol,ﬁaﬁuﬁwm MINeRaLIL 3N RaNIGaLils naINT

2
t%

THanusan qm%gﬁﬁn BIZRAR m%w:ﬁm‘n@aaﬂ@ﬂmsté‘mm‘mﬂﬁﬁmm\ﬁ
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2
t%

= ° < ad o &
Nneagay ‘]IGE]ZLS&]GY]@]&E’J‘]JY!T’]G]3 C aum:mmmwuqm%gmﬁmuu%ﬂq@"lma MW

{ Vo ] o @ !
Lﬂ%ﬂdﬁ]tﬂ’mﬂ’m\?ﬂaﬁ’avlﬂ 3 C LLﬂ’J%GS’]fJG’]%ﬂ’]Lﬂ%Q@VL%am

In‘wﬁl 3.3 Lﬂf}a\‘i Pour and Cloud Point Tester

3.3.4 3Emswanulu (Flash Point)
lumimgmvaWmminmaaumummgm IP 170 I@mﬂ%aamaauqmwﬂw
wuudaeila (Abel Closed Cup Tester) @31 ISL §4 FP170 5G2 69nwi 3-4
3.3.4.1 a@qmﬂgﬁmaaﬁimaaﬂﬁﬁqmﬂgﬁ@‘hﬂdwg@Laa@mauamuaa lasnns
ilduglugiin
3.3.4.2 wihaiudlozesadluileladiatinasey (Test Cup) IUNITNITZAL
°11adﬁﬁﬁua%il,awa%uaﬂmﬂluﬁasJ PMNUWINITBRILUTBIrINAINNTEYN (Heating Block)
d‘ v v o 1
1a91n309narau AN
3.3.4.3 19rarhasaussuniEnagay (Test Cup) m;u@ﬁu%ummﬁwmﬁm
dl v v o 1
WWadsznauehliidndune
d‘ L3 = 6 v (=3 v v
n) L8aw Test Arm memuamiﬂnas (Cover) uaInafealdltn

ALAU
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) Lﬁau Stirrer Transmission Arm 1#219890% Test Cover Cup LﬁaVLi’
FmSUnIuineL

f) ﬂ@ﬂ&lﬁﬁmmﬁ;aﬁuﬁummmau&ﬁﬂ@%ﬂaaﬁﬂﬁma%(Electrical
Igniter) 2z8i193wedalWiarWnagoy (Test Flame) wazlwaen (Pilot) Usuamwa
warlwliaglugisdszanm 3.8 fiafiuas

3) m‘%'ao@hl,ﬁuﬂ’]smaauﬁaﬂé‘mﬂtﬂluqmﬂgﬁ 1 °C/min uazsasd
289N1INI% 30 r/min L‘%'mTuajaLﬂmVLWﬂmamﬁaqmﬂgﬁmaaﬁﬁﬁuagjﬁashafiaﬂ 9 °c
mn‘tfmimﬂm"lﬂnne] 05°C auns:ﬁaﬁogmm"lﬂ afiFundan TWuasaing uaziadod

a dl a & s v
%ZLL&@GQM%{]&JY]LT]@]T]’]TJ’]UVLW WUAILAYL WAL

N 3.4 1e3asnasauaaunuuudisla (Abel Closed Cup Tester)
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3.35 ﬁfﬁmmqmﬁgﬁmsnéﬁ (Distillation)
Elumimqm%nuﬁmsﬂé"u ANTANARAUANNNGTU ASTM D 86  lanLa3od
Manual Distillation 131 ISL éu AD865G S/N 2 @TGJ“I']W‘?% 3-5
3.3.5.1 Lawiiawalagesfidasnisnasevaslunszuanlddysunas 100
anuIARLTuALIaT
33.5.2 @uinduivinnsarnasandsinlilgasluaraildlunineassnig
naw

3.3.5.3 NBWNTIAN LT IWNIINAWAAAI LT lLaTaInat

3.3.5.4 ilaeIasdninn1snan LLﬁaLﬁuqmﬁQﬁLLaz%‘ﬂmné‘uqm%{}ﬂﬁmﬁ

v 1
¥ o e A

A RN NWNIULLELENINT AT 5 BeAdaI W7
3.3.55 *T@qm%gﬁﬁﬁﬂﬁumuLLu',uaaﬂmm@LLsmLazﬁmmLuuaaﬂmVl@T10
a ﬁ [N AI v g . .
50 WAy 90 gﬂmﬂﬁwﬁumum sﬁdﬁ]z"l@maaﬂmlﬂm;mﬁamm@m (Initial Boling Point)

10% Distillation 50% Distillation LL8=90% Distillation

3.3.6 AtmImiandIunmnnansuan (Carbon Residue)
lunsiadiSunmnnensuan s1N1IONagaUauNIAIzIw ASTM D 4530 lag
Lﬂd%a\‘i Micro Carbon Residue Tester @31 Alcor iiu MCRT-160 S/N 1397-0646 ﬁdnﬁwﬁ
3-6
3.3.6.1 11 ”uﬁ'mﬁaa%islum@ﬁlﬂumiﬂé'mﬁaﬂé"u"L@‘TLLa”a 90

Qnmﬂﬁmu@mm (10 % Distillation Bottom) N1U3z8124 0.15 + 0.05 N3N LFRADALA?

i ldlglueIasnasan
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3.3.6.2 NAVNWNalFAIaISUYNW LEINaRINT I laTianan 1T auliEs969
(% o A dl' o a 6 1
usNdaaan LeFaazd L iwNIIRININATUanea 11
3.3.6.3 ﬁé’dﬂﬁmmﬂm%’uama’%m%uuﬁaﬂdaﬂlﬁl,ﬂ%aaa@qmﬁnuﬁam‘hndﬁ
o ¥ o o =~ v & & . [ A
250 C Wal11aananntaIadInasay LLazm‘Lmﬂu‘LuIngmmwmu (Desicator) 4NN 3-

7 LNATATINRIN

AN 3.6 LAIRIIALSINANINANSLa (Micro Carbon Residue Tester)
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3.3.6.4 wadsanfNiarad1saananialadlulasansuanuaifsaiian
Tulasiau
3.36.5 fwimwmanlasiiuaninaiivan (% Carbon Residue) l@annaunis
(3-2)
% Carbon Residue = (Ax100)/W (3-2)
A A 6 > v A 6 o
\a A @A mnasuaunaidnaIaslulasansuan (n3u)

W @a ihdunasaunandaIad lulasasuan (n3)

2NN 3.7 Ingmm’m%u (Desicator)

3.3.7 ATMAATHTING (Cetane Index)

lumsmdrapii@inu swisaneseuauu1asgIu ASTM D 976 lagindimanan

]
=}

71 50 1asidue LLa:ﬂ'ﬁmm%mLLuumaaﬁwﬁuwqm%gﬁ 15 2IALTRLTURNIAIWI DA

driTinuluaunIn (3.3)
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Cl = -420.34 + (0.016)G + (0.192)G logM + (65.01)(logM)’
- (0.0001809)M”
(3-3)
1ag M = @nandi 50 wasifudlasUSanas (50 % Vol Distillation)
G = @ANuaTILALeN L (AP Gravity)
3.3.8 ADWIANANNTaW (Heating Value)

Tumanagaumainuian anNInnagauauaNas;L ASTM D 240 lasiadad
UauAae3itae% (Bomb Calorimeter) PARR 1281 3% A900DDEF S/N M3545 G4l

3-10

v
Iy v A

3.3.8.1 ﬁﬂmuuﬂisﬁaaﬂd‘luﬁaﬂﬁﬁ%%’ﬂldﬁaaﬂwmmmaa‘uw;ﬂ%vﬁa

(Crusible)

i 3.8 fodwitladatemmeseuajefida (Cruisible)
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3.3.8.2 WBanynidiiiwilalaenizestravasdaiizuinaiiuan (ignition
. 3 o a [ 4 oA Aa Ao [ v A [l Il
Terminal) Lmeﬂgﬂmuasm”navl'mﬂmﬂaﬂmmmamuaa Imlmmaﬂmauaglu
Y o a ¢ A « %
WNu Alogas wNatlurwiwbunisien brg

3.3.8.3 indaiTuinasiwaadiiaIoduaNaiaaIniaes lagasadazaania

aandawdn lrunTien lwel waszaiadiaanin

A 3.9 dafiTuinasiuaa (Ignition Terrminal)

AN 3.10 uauANRasNLlaal (Bomb Calorimeter)
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NAN ﬂi&lﬂ?ﬂ@]ﬂ&lﬂ‘ﬁﬂ' inwﬁﬁlﬁmaaﬂumiw@amﬁﬂa iﬂ‘Uii‘YJﬂ“U%"I@Laﬂ a:qsg

6

(ISUZU)  juduiing U 2004 surniaIasuud 2.5 An taTadouduuylaiiaduantu
armazl,ﬁzlmlaaLﬂ%awuﬁmmmglumﬁaﬁ 3.1 MINARAULATAILUAVEVUNTRDR

laulufitnas (Chassis Dynamometer) 284 SCHENK Type EMDY 48 nsnasau

v [l 6

Lﬂ%awuﬁaxﬁﬂ@ﬂms‘*ﬁ'uumwmmuﬁﬁLaumuﬂuﬂnmo 12.6 #1 TIRaIN kaanInln

U

= [ Y o

ﬂ’ﬁ%&!%ﬁﬂﬁ%ﬁ]tgﬂﬂh%ﬂﬂﬂy\i%&c{@"ll E’NLWQW%&J% ﬁi’umuﬂugm%u@mmL%’maosn UG

U

v
o a 6

AUAIFILWRINTD NI INAR 0 IR ANSIN LaANN TN U RA L WIT NN ALAYS
Y lwniInasadi MyIudaziafaauiginin1ITuaInTanwanInaT (Bangkok
L. A = o o A A A v Ad a ¢,
Driving Cycle) mol,ﬂumsﬁnaaamsmmluﬂ‘gamwumuﬂs FINNITUINNLTAN 9 LAy
& & . A i A = o A o A
ANasd19 9 nauuulaiadf (Transient) UazadN (Steady state) TINITULLUTATH

Towlufiimasasdimyiauan e ldanmMsTUduazaNsIUBILA890UE  IINTNITL

1Y
s

= g = o a a A o o A
mluﬂgdmwwmummzmwzwawu NIRNA 2,271 U7 5991809013700 1w
I Aa o o o A )
nynwamuaaduszozng 27.98 Alatuas ’Jgﬁmsmﬂmﬂuﬂ;amwﬂszﬂau"l,ﬂmm
3 IWEWIDTIY  AILRAILAENING1I9N 3.2 laslunisviinaaadudazays asdasdng

ﬂa’aUﬁﬂﬁuﬁﬁagﬂmnaarm'amﬁalﬁuﬂad’]ﬁ’]ﬁuﬁﬁaamw@aauﬁfuagjﬂum%aa BIUG
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o L% a dl 3 v A a 6 a n:ll 1
fmiumanaseunai e ldindadalowmluiiines  vadufiddevaananazgn
MunwluvauszaymanaisazgnuTInlasnszasnal (TE0A20, Pallflex Products,
o et a 6 6 6 [
USA) §%3uninaassnidSunasasansuauuauan bog (CO) waz msuanlaaan loa
(COy) azldnannsvas Non-Dispersive Infrared Technique (NDIT)  &udIu1muad
& & A &
lalasnsuauninaa (Total Hydrocarbon #3a THC) waz lulasiauaanlad (NO)azgn
Jalaunann13ved Flame lonization W& Chemiluminescence MNSNAL T8N

a Ao v o o L 1 c? A ? o
MGWHY]’N]VL@] ﬁ]:gﬂmvlﬂmmmﬂaummamﬂaaamwu

P a caq o
$13791n 3.1 iwazl,aﬂ@“uad‘mﬂu@ﬂl"ﬁ nMINeagay

Isuzu DMAX

Cylinder number x bore (mm) x stroke (mm) 4 x93 x 92
Displacement (1) 2.499
Compression ratio 17.7:1
Rated power (kW)/speed (rpm) 58/3900

Maximum torque (Nm)/speed (rpm) 176/1800




@19191 3.2 1ININNITLINTINWAAILAT

35

NN Phase | Phase |I Phase IlI
32821739 (km) 3.509 9.696 14.836
1287 (s) 823 730 724
9803132 (km/hr) 10-20 40-60 60-80
§a15ua8e (km/hr) 14.61 46.77 72.64
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Biodiesel

Diesel Ethanol

01 02 03 04 05 06 07 08 09
Volume Fraction Ethanol

NINN 4.1 Three Phase Diagram 284284N&NITHI19 GLra Lanuaanas luladira

O Glwzadn 95: 5 (@ : lanuaa) Mnaunululafimalunndandiumnaaas
W @loadf 90 : 10 @iwa : lamuen) finsunvluladizalunndanaummanas
A lwaedh 85:15 (Fiwaianues) Ainsunululafimalunndandunimanas
Aa o a ' v ao 4 a a &
sauanfidisamanionaunuienuaalulTnming g ldeglugdvesddatulasiiluledisaid

Suadlnens
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el VA duaiuiiald (g/km)
flLwa Alogas
1 THC 0.121 0.083
NOx 1.111 1.035
CcO 0.374 0.311
CO, 262.946 258.651
PM 0.097 0.058
2 THC 0.041 0.031
NOy 0.934 0.920
(0{0) 0.057 0.014
CO, 193.700 189.625
PM 0.130 0.056
3 THC 0.028 0.020
NOy 0.415 0.455
(0{0) 0.010 0.042
CO, 168.000 165.874
PM 0.082 0.042
Ay THC 0.044 0.031
NOy 0.682 0.689
(0{0) 0.072 0.067
CO, 188.828 185.783
PM 0.100 0.048
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A8y (Average) 14.01 14.12




uUNn 5

a7dnan1sivy

1. aInmMInagauaNuEisInInesd logadlugdddadunuineniuaaly
1A v g’ o A U -di a J a g;
USunatasainnsnazagluwsindudera be warlalSunmaniuaanInUuaztAan1ILENT
= o A v A ° v s o '
sﬁdvluiaﬁLsnammmelmﬂuamsnvlwLaaﬁ?msl'ﬂmuuﬁLsﬁaLLazLamuaaa:mﬂagiugﬂmaa

C%

o Aa A %
NATWNILEDETNIW 1A

(1))

2. mnmsmaauqmamﬁamaL%aLwﬁwaaﬁwﬁuﬁ‘[maaa‘wuhLﬁaé'mwmu
= = 6 AI J wvAa A nﬂy a 0‘/ = 6
a3 lu oG LTALAZLAN WA R ke LT A LN U QM&NU@IL‘NL‘EQLWGGI@HYI’JVLIJ?JQG@]I‘]I‘JQG
AdIRILANIDEY LL@i:Taa%imﬂlﬁmmgmmaoﬁwﬁuamamgim% T PGIICREIGE
& a \ \ L o ¢ & &
VTOLWRILNBLIY L% 3aNaUaA210 LU D ILT UG LLa:ﬁgm’mVLw
A 6 A 6 o A a 6 1 [
3. NMINARAUA [ TFOANULAI DI U UG AL TRUBTRDR LW LuRLaasWUIN8AIINT
FULUR DI TALNRIV DIV WAL TALASA L TaaadalNaLAsING  LAXNIINAFAUFNIINY
= & LA € o A & o LA
YDILAITDIL UG wmmiﬁjaaawmmgaqwmwmamas] RaunINalralszu 4.36 —
8.66% LHaI9INANANNTAUY DA LragastasnInaLrana 1
= P A AW o L Y o A a & ' A A
4. MAUToUI A UNAN BN LWL I N LTaLazAlagasaInITURa NN N
v A o [ 23 [ oV 6 6 v 6 6
Inftfgsdnsumalulasianaanlas Aoaisuaniawanlad  AnTaIsTuaLlawan e
USumlalasasuauninua LL@iaIﬁﬁaaﬁﬁﬂﬁiaﬂﬂH’ﬂ’]ﬂ (Particulate Matter) lut/Sunowd

° o a oA <
@nﬂ?'\u’]uu@lfﬁaﬂavl,ﬂ



10.

11.

12.
13.

14.

66

LONENID19D9

ATZNITUIDNITNITWEII ﬁﬂ']EJTLLVlui’]HQi. WRITUNALNG LONILEE LLE\]&VL‘UIQ
ALTR. ﬂ?x‘lL‘Y]‘We‘J : amgi:l,mm’mgi, 2545.

i’]"]jﬁ"i]"iﬂ%cl:l,ﬂﬂiﬂﬂ, NNz dawnIi. MAUARNHUSURZAWNINTBIEINUALTE W. 6.

2549. L8N 124. NFUNWY : NI, 2549,
Ay wilisigana. “anuiimivesnwidvlulefaludszine’lng”
LabToday. a1ju1 (2545) : 16-23.

a (4 =< = = v 6 :/ o A ga b
ENR2Y ) ‘Y]’JWIS%]% . msmmLﬂmumsmmﬂml,aaﬂaaaaNaumuu@mmm:mwu

VENININFNIN AW AL UL T DLW RIFIRIULAIDIUUAALTR. INUIANUT DLW

A lulafnIzaauNIINITZUATLRGD, 2538,

WAWT UaIL9UaN. 1alR89NLATAIUUALRZNNITAILAY. NINNY a;wwaamni
WAIINENRE, 2537.

gn3 FY20908N9. MINARAULAIAILUAALTALAs TN UNT. ANLIRNUTUAT AT

R1UNFTIAINTINATAING ATMSAFINTINANENS ’DTwnaluladwizaauinan
NITUATHIL, 2528.

’%’]E’S‘@Nﬁ BRA T, ms?mmmﬂ%ﬁwﬁumw%nLamﬂ%awu@?ﬁma ﬂ?x‘lL‘ﬂWﬂJ‘ﬁ’]%ﬂi :

NAILNEATIAINTIN NINITININEHT, 2525.

LAesalng mq"i’mﬁ. AMINARAULATAIIUAALTS. INUIANWTUAIL AR 81U
FAINITULATAING AKIAINTINANENS RDNTUNALUIRENTZ0 VNI INTEUAT
WAte, 2527.

o £ a a A & A ¥ 3‘ o <
RUFANG ﬁ%ﬂi&ﬁig. ammuwaumaaﬂummaL&Jaslmumuaal,l,azmwmmjmﬂu

LBALWEY. INUIRWNUTURIU AN §1VI1IBIIAINITINLATAING A e
AFINITNLATAING quaamrﬁwﬁwmﬁy, 2524,
Tnin AN uazdng 1w mMItNaiLaanagasn N LBl wa Ny

La3asuudanallnisln. Fa1URITVUATNMUY AMEIAINIINAIEAS

qummrﬁwﬁw Uﬁgﬂ, 2527.

Queensland Government Environment Protect Agency. Diesohol for road transport.

(http://www.greenhouse.go.au/transport/comparison/pubs/2ch7.pdf)

audinaluladlanzuaziaquinim, MTEC Annual Meeting 2003 : 120.

Lin. C. Y. and Wang K. H. “The fuel propertied of three phase emulsion as an
alternatives fuel for diesel engines.” Fuel. 82 (2003) : 1367-1375.

Crabbe. E. “Biodiesel Production from Palm Oil and Evaluation of Butanol

Extraction and Fuel properties.” Process Biochemistry. 37 (2001) : 65-71.




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

67

Kass, M. D. “Emissions from a 5.9 liter diesel engine fueled with ethanol diesel

blends.” SAE Techniccal Paper. 2001-01-2018 (SP-1632).

He, H. and Zhang, R. “Preparation of ethanol-diesel fuel blends and exhausts
emission characteristics in diesel engine.” Huan Jing Ke Xue. 24 (4 Jul.

2003) : 1-6.

Kwanchareon, P., Luengnaruemitchai, A., and Jai-In, S., Solubility of diesel-
biodiesel-ethanol blend, its fuel properties, and its emission charateristics from
diesel engine, Fuel, 86(2007) p.1053-1061

Chen, H., Shuai, S., Wang, J., Study on combustion charateristics and PM emission
of diesel engines using ester-ethanol-diesel blended fuels, Proceeding of
Combustion Institute, 31(2007), 2981-2989

Rafael, M., Sanchez, M., Mucino, V., Cerventes, J., Lozano, A., Impact of driving
styles on exhaust emissions and fuel economy from a heavy-duty truck:
laboratory tests, Int.J. Heavy Vehicle System, 13(2006), 56-73

Wang, W.G.,, Clark, N.N., Lyons, D.W., Yang, R.M., Gautam, M., Bata, R.M., Loth,
J.L., Emissions comparisons from alternative fuel buses and diesel buses with a
chassis dynamometer testing facility, Eviron.Sci.Technol. 31(1997), 3132-3137

Kowalewicz, A., Eco-diesel engine fuelled with rapeseed oil methyl ester and
ethanol. Part 1:Efficiency and emission, Proc.IMechE, 220(2006), 1275-1282

Sybist, J.P. and Boehman, A.L., Behavior of a diesel injection system with biodiesel
fuel, SAE Technical paper No. 2003-1039 (2003)

www.uidaho.edu/bioenergy/BiodieselEd/publication/05.pdf

Can O., Celikten, I., Usta, N., Effects of ethanol addition on performance and
emissions of a turbocharged indirect injection diesel engine running at different
injection pressures, Energy Conversion and Management, 45(2004) 2429-2440

Xing-cai, L., Jain-guang, Y., Wu-gao, Z., Zhen, H., Effect of cetane number improver
on heat release rate and emissions of high speed diesel engine fueled with
ethanol-diesel blend fuel, Fuel, 80(2004) 2013-2020

Song, J., Cheenkachorn, K., Wang, J., Perez, J., Boehman, A.L., Young, P.J.,,
Waller, F., Effect of oxygenated fuel on combustion and emissions in a light-duty

turbo diesel engine, Energy and Fuels, 16(2002) 294-301



Output 31nlassn1339ei lasunuaIn ana.

1. WARNUWARUNLWINTRIIITIMIWIWNTIA
1.1 Biodiesel as an Additive for Diesohol. Part I: Investigation of Physical and Chemical

Properties

Authors Kraipat Cheenkachorn, Monpilai Narasingha, and Bundit Fungtammasan

1.2 Biodiesel as an Additive for Diesohol. Part Il: Emissions and Engine

Performance on a Light-Duty Pick-Up Truck

Authors Kraipat Cheenkachorn and Bundit Fungtammasan

ﬁoaaaaﬁuaglmzmwﬁum AUNIRIAUATY

2. myhwanwiaelulduszTosd
lafinmsiesannumet3sEm dan. 310e @wiouw)Nazdasiuldinsnaad

a 6 o ' a I
WD uazamisluaniuinisindiuluauian



Biodiesel as an Additive for Diesohol.
Part I: Investigation of Physical and Chemical Properties

*

Kraipat Cheenkachorn® , Monpilai Narasingha®, and Bundit Fungtammasan®

% Department of Chemical Engineering,

King Mongkut’s Institute of Technology North Bangkok, Bangkok
1518 Piboolsongkram Rd., Bangesue, Bangkok 10800 Thailand
Telephone: 66-2913-2500
Fax: 66-2587-0024
Email address: kpc@kmitnb.ac.th
® Department of Chemical Engineering,

King Mongkut’s Institute of Technology North Bangkok, Bangkok
1518 Piboolsongkram Rd., Bangesue, Bangkok 10800 Thailand
Telephone: 66-2913-2500
Fax: 66-2587-0024

Email address: mhc@kmitnb.ac.th

“The Joint Graduate School of Energy and Environment,
King Mongkut’s University of Technology Thonburi, Bangkok
91 Prachautit Rd. Bangmod, Tungkru, Bangkok 10140 Thailand
Telephone: 66-2470-8671
Fax: 66-2427-9634

Email address: director@jgsee.kmutt.ac.th

* Corresponding author



Abstract

A number of studies currently focus on the alternative fuels to reduce the
reliance on petroleum fuels. Biodiesel and ethanol are among candidates which are
widely studied and tested in many countries including Thailand. Blending ethanol
with regular diesel to form diesohol has been known as one of the strategies to reduce
the use of regular diesel. However, an emulsifier is needed to homogenize the blend.
In this research, biodiesel offers an alternative application as an emulsifier and wear
additive for diesohol. The emulsification tests were conducted to select the proper
blends. Physical and chemical properties of the selected blends were examined to
meet the requirement of a conventional diesel. The results from the experiments were
promising except the flash point. The present study showed that the diesohol

homogenized by biodiesel can be a good candidate for diesel engine.
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1. Introduction

Over the past decades, there has been an increase in effort to reduce the
reliance on petroleum fuels for energy generation and transportation in Thailand and
throughout the world. Among the proposed alternative fuels, biodiesel and diesohol
have received much attention in recent years for diesel engines due to their
advantages as the renewable and domestically produced energy resources. Moreover,
the studies have shown that they are environmentally friendly because there is
substantial reduction of unburned hydrocarbons, carbonmonoxide, and particulate
matter emission when it is used in conventional diesel engine [1]. Biodiesel can be
produced from vegetable oils via transesterification process. Nevertheless, biodiesel
has been employed not only as an alternative to the fossil derived fuels, but also as an
additive for diesohol — a blending of ethanol with regular diesel.

Diesohol has been known as one of the preferences for Thailand to decrease
the use of regular diesel fuel, since ethanol has been included in the national strategic
plans and policies for energy. It is estimated that the use of ethanol can decrease the
amount of petroleum-fuel imports up to 10-15% [2-3]. More recently, the center of
attention has shifted to the production and use of bio-ethanol for the energy resource
in Thailand. This is due to the fact that it can be produced domestically, resulting in a
growth in domestic economics. Nevertheless, it is found that ethanol has lower
heating value than the regular diesel and the use of pure ethanol as an alternative can
cause drawbacks to the effectiveness of engines. One of potential approaches to avoid
such problem is to blend the ethanol with regular diesel fuel and use the blend, known
as diesohol, as the power source for diesel engines.

However, ethanol and diesel fuel are inherently immiscible because of their

difference in chemical structures and characteristics, and therefore need an effective



emulsification technique for being an emulsion. These two liquid fuels can be
efficiently emulsified into a heterogeneous mixture of one micro-particle liquid phase
dispersed into another liquid phase by mechanical blending in cooperation with
suitable emulsifiers. The emulsifier would reduce the interfacial tension force and
increase the affinity between the two liquid phases, leading to emulsion stability [4].
A suitable emulsifier for ethanol and diesel fuel is suggested to contain both lipophilic
part and hydrophilic part, in order to obtain an emulsion of diesohol. It is also
reported that the presence of biodiesel or vegetable oil can improve the lubricating
properties of diesel fuel [5, 6]

There are several studies concerning diesohol productions and utilization.
Australia’s Apace Research Ltd. [7, 8] has announced a success in the development of
an emulsification technique using its innovative emulsifier. The diesohol emulsion for
this study contained 84.5% (vol.) conventional diesel at, 15% hydrated ethanol at 15%
vol, and 0.5% emulsifier. The engine tests for the diesohol were conducted by using
truck and bus, in comparison with the regular diesel fuel. The results obtained from
the diesohol utilization showed the reductions of CO and CO, emissions and
particulate matter (PM10) when compared to the low-sulfur diesel fuel. However, the
reduction of hydrocarbon (HC) distribution was not observed and there were some
problems occurring during the use. In Thailand, there was a cooperative project
between the Petroleum Authority of Thailand (PTT) Public Co. Ltd., Ford Motor
Company, and National Metal and Materials Technology Center (MTEC) for the
potential of using diesohol as an alternative to the regular diesel fuel [9]. The blend of
10% (vol.) ethanol, 89% regular diesel fuel, and 1% imported emulsifier were used
for the diesohol preparation. The vehicle testing was done by using a minibus. It is

observed that the fuel properties of diesohol were found to be in consistent with the



regular diesel, except that the flash point of diesohol was found to be lower. By
following the European Testing Protocols, the diesohol showed the higher in the
distribution of CO, CO,, HC, NOy, and PM10. It is obvious that a further study is
needed in both diesohol production and utilization, especially in the area of domestic
emulsifier. This leads to the objectives of this paper.

In this paper, the emulsification tests were conducted to select the proper
blends among ethanol, diesel fuel and biodiesel. A three-phase diagram was also
constructed in an attempt to verify an appropriate composition of the blend. Physical
and chemical properties of the selected blends were examined to meet the
requirements of a conventional diesel fuel. The results are expected to be beneficial

for the future study of diesohol production and utilization.

2. Experimental Details

The primary purpose of this experimental study was to determine an
appropriate composition of the diesohol emulsion, including emulsification
characteristics and fuel properties of the emulsions at different blending compositions
for the possibility of using those emulsions as alternative fuels for diesel engines. The
experimental procedures included preparation of the emulsions, homogeneity and
emulsification stability test, and tests for fuel properties. A three-phase diagram was
performed in order to verify the homogeneity of the mixture.

Ethanol (E) with purity 99.5% and a conventional (No.2) diesel (D) were
obtained from PTT Public Co. Ltd. (Bangkok, Thailand) while the palm oil-derived
biodiesel (BD) was acquired from Department of Chemical Engineering, Faculty of
Engineering, Prince Songklanakarin University (PSU, Songkla, Thailand). Their fuel

properties are presented in Table 1.



To prepare the diesohol emulsions, the conventional diesel and ethanol were
primarily mixed in a 200 ml flask with a magnetic stirrer to obtain the diesohol blend.
The conventional diesel to ethanol ratio (D:E ratio) were varied at 95:5, 90:10, and
85:15 (vol.:vol.), respectively. The biodiesel used as an emulsifier for this study was
then added into the diesohol blends at the following concentrations; i) 5, 10, 15, and
20% vol. of the diesohol blends with the D:E ratio of 95:5, and ii) 10, 15, 20, and 25%
vol. of the the diesohol blends with the D:E ratio of 90:10 and 85:15 % vol. After that,
the diesohol emulsions were brought to the homogeneity and emulsification stability
test, in which the emulsions were put in storage for 6 months. The fuel properties
were conducted using reference methods published by American Society for Testing
Materials (ASTM), as shown in Table 1. All measurements were repeated at least

three times and the presented results were obtained from the average of triplicate tests.

3. Results and Discussion
3.1 Homogeneity and emulsification characteristics

All diesohol emulsions prepared for this study were put in storage for 6
months at room temperature. The results show that all diesohol emulsions exhibit
their good emulsion stabilities. No agglomeration of liquid droplets and sediment
layer occurs physically in all diesohol emulsions. The results showed that biodiesel is
a suitable emulsifier for diesohol. The presence of biodiesel shows the surfactant
property by developing a microemulsion between conventional diesel and ethanol
phases. The amphi-philic structures of biodiesel become aligned at the diesel-ethanol
interface. They reinforce the structural affinity between the diesel and ethanol
components [10]. The hydrocarbon moieties of biodiesel exhibit hydrophobic portion

which has the strong affinity with diesel fuel while the carboxyl skeleton represents



the hydrophilic portion which is oriented towards the ethanol interface. Therefore,

diesohol blends are stable by the addition of proper amount of biodiesel.

3.2 Fuel properties of diesohol emulsions

The fuel properties of all samples of diesohol blends are illustrated in Figures
1-10. Figure 1 shows the percentage (by weight) of carbon residue tests. For all
diesohol emulsions, the results exhibit an increase in the percentage of carbon residue
with an increase in the amount of biodiesel added. However, it should be noted that
the percentage of carbon residue for nearly all diesohol emulsions are over the
standard value of 0.050 % for No. 2 diesel fuel, according to ASTM. The only
diesohol blend that shows the acceptable percentage of carbon residue is the one with
5% vol. biodiesel addition to a the mixture of diesohol blends with the D:E ratio of
95:5. This is due to the fact that the palm-oil deried biodiesel contains more carbon:
hydrogen ratio than diesel fuel. As a result of that, more oxygen consumption is
expected for a complete combustion when the biodiesel is added to the diesohol. The
carbon residue normally affects the diesel engine. This problem can be reduced by
using a turbocharger or increasing the temperature of the mixture of gas and air which
enters a motor engine through the inlet. This would increase the oxygen intensity for
combustion.

Figures 2 and 3 present the results of viscosity and density tests, respectively.
It is evident that both density and viscosity at 40 °C of diesohol emulsions increase
with increasing the amount of biodiesel added at all ratios of diesel fuel to ethanol.
This is attributed to the fact that the palm-oil derived biodiesel has higher density than
the other two components. It is well recognized that the higher density leads to the

higher flow resistance of fuel oil, resulting in higher viscosity. In addition, it is



observed that the viscosities at 40 °C of all diesohol emulsions are higher than the
viscosity of the regular diesel fuel at the same temperature. This finding suggests that
the higher viscosity can bring to the inferior fuel injection. However, the viscosities of
all diesohol emulsions in this study are still under a standard limit value for diesel
fuel.

Higher heating value (HHV) is one of the most important fuel properties. The
results shown in Figure 4 indicate that the HHV of diesohol decreases when more
amount of biodiesel is added. The same trend is also observed when the amount of
ethanol increases, comparing at the same amount of biodiesel added. This is owing to
the lesser in the HHV of palm-oil biodiesel and ethanol.

Figure 5 shows the results from the tests for initial boiling point. For all
samples, it can be seen that the initial boiling point is identical at 78 °C and under the
acceptable limit for diesel fuel. The initial boiling point of fuel reveals how
unproblematic the engine startup is.

To obtain crucial information for diesohol utilization, the temperatures at 10%,
50%, and 90% distillation were respectively monitored for all diesohol blends. If the
temperature at 10% distillation is too low, “vapor lock” situation would occur and
cause a serious problem to the engine. As seen in Figure 6, the temperature at 10%
distillation of diesohol blends with the D:E ratio of 95:5 is observed as in the range of
197-199 °C, which is higher than those of diesohol blends at the other two ratios and a
little bit lower than that of the conventional diesel. It is likely that the amount of
biodiesel does not play role to the change in temperature at 10% distillation.

Comparing the temperature at 50% and 90% distillation of all diesohol blends
with those of the conventional diesel, the data obtained from the tests show

insignificant difference, as seen in Figures 7 and 8. This means that these properties of



diesohol emulsions are not in much difference from that of diesel fuel and still under
the standard limit. Generally the temperature of fuel at 50% and 90% distillation have
an effect on the performance and power of diesel engine. At 50% distillation
temperature, the fuel is uniformly distributed and well mixed with air before being
subjected to generate power for the engine.

Looking at cetane index which is also in proportional relation with API value,
all diesohol blends were found to have lower values of cetane index than diesel fuel. It
IS observed that the cetane indices of diesohol blends decrease when increasing the
amount of biodiesel added, as shown in Figure 9. The lower the cetane index is, the
poorer the ignition property will be. Cetane index also has effects on the engine
startup, combustion control, and engine performance.

By using biodiesel as an emulsifier for diesohol emulsion, the pour point
property is needed to be examined. The results presented in Figure 10 show that only
ethanol guantity can put an effect on the pour point property of diesohol emulsion. It
is found that an increase in the percentage (by volume) of ethanol could lead to a
decrease in pour point temperature at all amount of biodiesel used. Moreover, the pour
point temperatures of all diesohol emulsions were found to be lower than that of the
regular diesel fuel. This finding is evidence for an advantage in diesohol utilization.

The flash point properties for all diesohol emulsions were also investigated
and found to be extremely low in the range of 11 - 17 °C. As a result, the storage and
transportation of diesohol must be taken care of in a special and proper way, in order

to avoid an explosion.



4. Conclusions
The emulsification stability and fuel properties of diesohol emulsions were

investigated in order to evaluate the potential of using biodiesel as an effective

emulsifier for diesohol and making use of diesohol as an alternative fuel for diesel
engine. The results of this study could be concluded as follows:

1. Palm-oil derived biodiesel can be used as an effective emulsifier for diesohol
emulsions.

2. Nearly all fuel properties of diesohol emulsions are under standard limit for high
speed diesel, except 10% distillation and flash point properties. These properties
of the emulsions were, however, found to be poorer than that of the regular diesel
fuel when the ratios or quantities of ethanol and biodiesel were increased.

3. An increase in the amount of biodiesel added to diesohol blends with different
D:E ratios lead to an increase in the percentage by weight of carbon residue. Only
the diesohol blend with 5% biodiesel addition to diesohol blends with the D:E
ratio of 95:5 shows the value that under the standard limit for No.2 diesel fuel.
However, the others may be used as an alternative to the low speed diesel fuel.

4. In this study, a proper diesohol blend for diesel engine should be the one with 5%

biodiesel addition to diesohol blends with the D:E ratio of 95:5
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Pour point ("C) 6 5 - ASTM D 97
Heating value ( MJ/kg ) 45.56 38.6 26.7 | ASTM D 240
Cetane index 58.68 50.7549 - ASTM D 976
Carbon residue ( %by wt. ) - - - ASTM D 189
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Abstract

In this experimental study, the performance of the selected diesohol blend
consisting of 5%(vol.) biodiesel in the blend of a conventional diesel (D) and ethanol
(E) with the ratio of 95:5 (by vol.), respectively, was tested on a pickup truck with a
2.5L inter-cooled direct injection diesel engine. Emission testing was conducted on a
chassis dynamometer using a Bangkok Driving Cycle. The engine performance and
fuel consumption were also observed. It was found that the emissions of CO,, CO,
and NOx are insignificantly different from those of the conventional diesel. However,
diesohol blend showed a reduction in particulate matter emission compared to the
conventional diesel. Diesohol showed less maximum power output than the
conventional diesel due to its less heating value. However, the fuel consumptions of

diesohol and diesel are insignificantly different.

Keywords: Biodiesel, Diesohol, Emission, Engine Performance



1. Introduction

An increasing global energy demand has resulted in a development of
alternative energies to reduce the dependence on petroleum fuels. Biodiesel is one of
the alternative fuels that gain an interest in many countries including Thailand.
Biodiesel offers some advantages over the petroleum fuel such as better lubricity and
a reduction of toxic emission. Biodiesel is produced by a transesterification of
vegetable oils or animal fats with methanol using acid or base as a catalyst. The
waste cooking oils can also be used as a raw material for this process. The products
from this reaction include methyl esters and glycerides. The details of a conventional
transesterification process and development of advanced process can be found
elsewhere [1].

Among the promising alternative energies, ethanol (ethyl alcohol) has gained an
interest in many combustion applications. The factors that make ethanol attractive
include an easy production process such as a fermentation and non-toxicity. In
Thailand, the government promotes the use the ethanol and also supports commercial-
scaled ethanol production plants using domestic agricultural products such as sugar
cane and cassava to curb the reliance on the imported oil. Previous study has shown
the research and development of ethanol production process from different raw
materials and processes [2].

Because of the higher cost and lower heating value of ethanol than those of
conventional fuels, the use of pure ethanol as a substitute for petroleum fuels is not
practically accepted. Blending petroleum fuels with ethanol is more realistic and
gaining interests as reported in the previous studies [3]. Considerable attention was
focused on the development of gasohol, a blend between gasoline and ethanol, and

diesohol, a blend between diesel and ethanol. A blend of 10 % anhydrous ethanol and



gasoline was commercialized in many countries such as the US and Brazil. The use
of diesohol was initially investigated in the 1970s and continued in Germany,
Australia, and the US during 1980s [4].

Previous studies showed that diesohol has a potential to be used in regular engine
without any modification. Hansen et al evaluated the durability of the engine with
diesohol (89% low-sulfur No.2 diesel, 10% ethanol, 1% additive) on an International
7.3 L engine. Based on a 500-hour operation, the results showed that the engine
performance was not affected apart from an expected 4% decrease in power caused by
the lower energy content of the blend [5]. No abnormal wear occurred from the use of
diesohol. However, the swelling of nitrile rubber check valve disks was observed
which caused a fuel lift pump failure.

Similar engine performance test was conducted by Bhattacharya et al using four
different microemulsions of diesel, ethanol, and 1-butanol [6]. This study showed that
the characteristic fuel properties and the power-producing capability of the engine
were similar to those of petroleum diesel. However, the microemulsion showed
higher emission of unburnt hydrocarbons and NOy compared to those of diesel.
Hashimoto et al had investigated the performance and durability of diesohol on heavy
duty diesel engine [7]. In this study, diesohol was made for both pre-chamber type
and open-chamber type. The results from this study showed that the thermal
efficiency of pre-chamber engine did not change while that of open-chamber changed
due to lower cetane number and lower viscosity of diesohol. Diesohol also showed
the acceptable durability and wear of metals.

Australia’s Apace Research Ltd announced a success in the development of
emulsifier for diesohol [8]. The dieshol blend for this study consisted of 84.5% (by

volume) diesel, 15% hydrated ethanol, and 0.5% emulsifier. The results from this



study showed that diesohol reduced carbon dioxide (CO), carbon dinoxide (CO,), and
particulate matter (PM) emissions compared to those of low-sulfur diesel. Similar
work was also conducted in Thailand using a blend of 89% diesel, 10% ethanol, and
1% imported emulsifier [9]. Although a number of previous studies had conducted on
the emission and the engine performance of diesohol, most tests were carried out on
an engine dynamometer

In the current study, the objective was to study the emissions and engine
performance from a diesel engine using the candidate blend from the study in Part 1.
The blend consisting of 5%(vol.) biodiesel in the diesohol mixture of a conventional
diesel (D) and ethanol (E) with the ratio of 95:5 (by vol.), respectively, was selected to
be a candidate for the emission and engine performance test. The emission tests
included carbon dinoxide (CO,), carbon monoxide (CO), nitrogen oxides (NOy), and
particulate matter (PM). The engine performance was carried out to obtain the
maximum power output and the fuel consumption. The results of diesohol were

compared with those of the conventional diesel.

2. Experimental Details

Engine performance and emission characterization were performed at the
Automotive Emission Laboratory, Pollution Control Department (PCD), Pathumthani,
Thailand. A vehicle used in this research was 2004 Isuzu D-MAX pickup truck (2.5L
Direct Injection Diesel Engine). The details of this vehicle were shown in Table 1. A
chassis dynamometer (SCHENK Type EMDY 48) was used to conduct the engine
performance test. The chassis dynamometer also measured power output, emission,
and fuel consumption. The test vehicle was driven by onto the 12.6 inch roll located
in the semi-trailer frame. Power was transferred from the test vehicle against the

power from the dynamometer through the hub adapters which were connected the



drive wheel. The vehicle speed was controlled by a driver responding to a driver’s aid
screen. To measure the power output of the test vehicle, the speed of the vehicle was
varied on the third gear position. However, this power output is different from an
engine dynamometer since it includes frictional and mechanical losses in drive-train

system. The data from this research was based on a single driver.

In this study, Bangkok driving cycle as shown in Figure 1 was used to represent the
real driving conditions in the city of Thailand. It was used to simulate driving
condition on a chassis dynamometer for evaluating of exhaust gas emissions, fuel
consumption, and the engine performance. This cycle had the total time of 2271
seconds to simulate a 27.98-km long route including transient and steady-state
operations. The cycle consists of three phases with different average speeds as shown
in Table 2. Prior to the test, an in-use fuel in the vehicle tank was drained and fully
purged from the system. The tested fuel was then filled and the engine was fully

warmed to ensure that the tested fuel was in the system.

The Automotive Emission Laboratory also provided facilities to measure emissions
from the vehicle at simulated driving conditions. To investigate the emission, exhaust
gas was collected to a dilution tunnel and particles were collected onto a fiber-glass
filter (T60A20, Pallflex Products, USA). The amount of particulate matter (PM) was
determined gravimetrically. The diluted exhaust was analyzed using non-dispersive
infrared technique for CO and CO,. Total hydrocarbon (THC) and NOy were analyzed
by flame ionization detector and chemiluminescence detector, respectively. Fuel
consumption characteristics were determined using a carbon balance and the exhaust

emission data.



3. Results and Discussions

The exhaust emissions from the tested vehicle on a chassis dynamometer were
summarized in Table 3. Real-time data for THC, NOx, CO, and CO, were shown in
Figures 2-5, respectively. From the emission results shown in those tables and

figures, the following observations and discussions can be made.

THC emission THC emission contains primarily of unburned hydrocarbon mixtures.
It can be viewed as an indicator of combustion efficiency or completeness. A better
combustion efficiency generally leads to less THC in the exhaust gas. THC also
depends on the fuel-air equivalence ratio resulting from the amount of fuel injected
into engine. For both fuels, THC emission from the test vehicle in Phase | was the
highest followed by those from phase Il and phase Ill, respectively. The plausible
explanation for this result may be that the engine was designed effectively for a
proper fuel-air equivalence ratio which is related to engine speed, momentum effect,
and cam-shaft opening [10]. Driving pattern in phase | is involved with frequent
starts and stops. During this transient process, the engine was operated with an
improper fuel-air equivalence ratio resulting in high THC emission. The results from
the real-time data showed that THC peaks occurred during an acceleration period of
gear shift. The amount of fuel which is increasingly injected to the cylinder during
this period leads to a rich fuel-air ratio resulting in high THC emission. Diesohol
showed less THC emission than conventional diesel. This is due to the fact that the
oxygen presence in both ethanol and biodiesel shifted the fuel-air ratio to the proper
level leading to less THC emission. THC results from this study were similar to the

previous works [11-12]. Rafael et al. [13] reported that the driving behavior showed



an impact on exhaust gas emission as well.

NOy emission NOy emission from the combustion engine is caused by the oxidation
of atmospheric nitrogen within the cylinder. This reaction is directly proportional to
the flame temperature. As shown in Table 3, the NOy emissions are consistent with
those of THC emissions and can be ordered from high to low as follows: Phase I,
Phase Il, and Phase I11, respectively. The results from the real-time data also showed
that NOy rapidly increased during an acceleration period of gear shift. Diesohol
showed less NOy emission than conventional diesel. This can be explained by two
main reasons as follows. Firstly, since the amount of NOy typically depends on the
fuel-air equivalence ratio, the largest amount of NOy is produced at the fuel-air
equivalence ratio of one. The addition of the oxygenated fuels may shift the air-fuel
equivalence ratio to the level that yields lower NOy emission. Secondly, a decrease in
NOx emission for diesohol may be resulted from the cooling effect of ethanol
evaporation which leads to a reduced flame temperature. However, the effect of
oxygenated fuels on the NOy emission is not conclusive as reported in previous
studies [11, 14-15]. A decrease in cetane number of fuel from the addition of
oxygenated fuels leads to an increased ignition delay resulting in higher NOy. Sybist
and Boehman (2003) reported that the higher bulk modulus of compressibility of
biodiesel resulted in a small advance in injection timing which increases NOy
emission [16]. It is suggested that retarding injection timing can reduce NOy [14,17].
Therefore, the NOy emission behavior of oxygenated fuels depends on which effect is

dominated.



CO emissions CO emissions from the engines are the products of the incomplete
combustion of the fuel and primarily depend on the fuel-air equivalence ratio. For
conventional diesel, the amount of CO emissions can be ordered from high to low as
follows: Phase I, Phase Il, and Phase Ill, respectively. Diesohol shows less CO
emissions than conventional diesel in Phases | and II. For phase Ill, however, CO
emission of diesohol is slightly higher than that of conventional diesel. The addition
of ethanol and biodiesel leads to more complete combustion due to the oxygen atoms
in those fuels resulting in lower CO emissions. The beneficial effect of ethanol agrees
with the previous study [18]. However, the increase of CO emission in phase Il may
be caused by the improper fuel-air equivalence ratio because of the excess of oxygen
content in the oxygenated fuels. The evaporative cooling effect and low heating value
of ethanol result in a lower flame temperature and burn velocity [14]. Such effects
cause incomplete combustion which leads to higher CO emission as investigated by
previous studies [14,19]. The ignition delay from the oxygenated fuel also causes high

CO emission [18].

CO;, emissions CO, emissions are the products of complete combustion of fuel. The
conventional diesel and diesohol show decreasing tendency from phases I, 11, and I,
respectively. The CO, emissions of both fuels are insignificantly different. The
addition of oxygenated fuels results in a decreased CO, emission since biodiesel
contains less carbon in its molecules [15]. Previous study also showed that products of
ethanol combustion contain less CO, and more H,O. However, this effect can not
clearly visible at high engine load and speed since more fuel is burnt at lower excess

air resulting in higher CO, emission.



PM emissions PM emissions are the primary concern of diesel engines. PM is a
complex mixture of solid and liquid. It mainly consists of carbonaceous material,
known as soot, some absorbed organic compound, and sulfates. PM in the internal
combustion engines may come from both fuel and lubricant. However, fuel has more
effect on PM emissions than lubricant [14]. Diesohol shows less PM emission than
conventional diesel. This result can be explained by the fact that the oxygen
component, through the formation of hydroxyl radical (-OH), can consume the soot
precursors resulting in a reduction of soot formation [12,20]. The reduction in PM
emission from diesel engines using biodiesel had been widely studied [14, 21]. Wang
(2007) also reported that fuels with complex structure and low carbon to hydrogen
(C:H) ratio show a tendency under pyrolysis and combustion to form smoke
precursors [14]. Compared to conventional diesel, structure of ethanol is less
complex and biodiesel shows lower C:H ratio. These also contribute to a lower PM

emission.

Engine Performance and Fuel Consumption

Figure 6 shows the power output at different engine speeds, which were converted
from the vehicle speed, of the engine using convention diesel and diesohol. In chassis
dynamometer, the maximum power is referred to as the maximum rotational power
that the chassis dynamometer can be subjected to and still operate within
specifications. To obtain the maximum power output from the engine of the tested
vehicle at each speed, the chassis dynamometer is used to maintain specified vehicle
speed while the maximum load is performed and measured. As expected, diesohol
shows approximately 4.36-8.66 % reduction in maximum power output. This is

because the lower heating value of biodiesel and, especially, ethanol. The effects of



heating value of ethanol on the power output were similar to the previous study
[12,18]. The previous works [15,18] showed that the addition of ethanol into
conventional diesel leaded to the longer ignition delay resulting in an inefficient
combustion process. A study by Chen (2007) also supported that a low cetane number
of ethanol can prolong the ignition of the fuel resulting in more premixed combustion
of fuel [12]. That research also reported that some additive was developed for

diesohol to improve cetane number of the blend to overcome this problem.

As shown in Table 4, the fuel consumption increases with the vehicle speed due to an
increase in the frictional loss. As shown in Part 1, the addition of the oxygenated fuels
to conventional diesel leads to the lower heating value of the diesohol blend.
However, the heating value of diesohol is insignificantly less than that of conventional
diesel. Therefore, it was expected that the fuel consumption of both fuels should not
show an insignificant difference. Though diesohol showed a lower average fuel
consumption than the conventional diesel, the values from both fuels are
insignificantly different and within 95% repeatibility. Since the fuel consumption was
calculated using a carbon balance from the exhaust emission data, this acceptable
error may be caused by the measuring instruments as well as the driver. The results
are contradictory to the previous study [19] illustrating that the ethanol-diesel blends
showed an increase of break specific fuel consumption since the amount of ethanol in

the blend is much different.



4. Conclusion

The emission and engine performance of diesel engine using dieshol were conducted
on 2.5L Direct Injection Isuzu pickup truck (Diesel Engine). The diesohol blend
consisted of 5 %(vol.) biodiesel in the dieaohol blend with the D:E ratio of 95:5 (by
vol.), respectively. Emission testing was conducted on a chassis dynamometer using a
Bangkok Driving Cycle. It was found that the emissions of CO,, CO, and NOx are
insignificantly different from those of the conventional diesel. However, diesohol
blend showed a reduction in particulate matter emission compared to the conventional
diesel. Diesohol showed less maximum power output than the conventional diesel
due to its less heating value. However, the fuel consumptions of diesohol and diesel a

re insignificantly different.

Acknowledgement

The authors gratefully acknowledge the contribution of Thailand Research Fund
(TRF), The Automotive Emission Laboratory, Pollution Control Department (PCD),
and Faculty of Engineering, King Mongkut’s Institute of Technology North Bangkok

(KMITNB), and PTT Public Co.Ltd.



References

1.

Graboski, M.S. and R.L. McCormic, Combustion of Fat and Vegetable Oil
Derived Fuels in Diesel Engine, Prog.EnergyCombustion Science, 24, 125-
164, (1997).

Srinorakutara, T., C. Suesat, B. Pitiyont, W. Kitpreechavanit, and S.
Cattithammanit ,Utilization of Waste from Cassava Starch Plant for Ethanol
Production, Proceeding Sustainable Energy and Environment (SEE), 344-
349,(2004)..

Hansen A.C., Q. Zhang, and P.W.L. Lyne, Ethanol-diesel fuel blends-a review,
Bioresource Technology, 96, 277-285, (2005).

de Caro, P.S., Z. Mouloungui, G. Vaitilingon, and J.Ch. Berge, Interest of
Combining and Additive with Diesel-Ethanol Blends for Use in Diesel Engine,
Fuel, 80, 565-574, (2001).

Hansen, A.C. and Q. Zhang Engine Durability Evaluation with E-Diesel, 2003
ASAE Annual International Meeting, Paper No. 0306033, (2003).
Bhattacharya, T.K., S. Chatterjee, and T.N. Mishra, Performance of a Constant
Speed CI Engine on Alcohol-Diesel Micro Emulsion, Applied Engineering in
Agriculture, 23, 253-257, (2004).

Hashimoto, I., H. Nakashima, K. Komiyama, Y. Maeda, H. Hamaguchi, M.
Endo, and H. Nishi, Diesel-Ethanol Fuel Blends for Heavy Duty Diesel
Engine-A Study of Performance and Durability, SAE 820497, (1982).

http:// www.apeceenergy.org.au

Srithammavong, P., “Collaborative Research and Development of Diesohol
Fuel for Diesel Vehicles in Thailand,” Proceedings of MTEC Annual Meeting,

Bangkok, Thailand, 120-121, (2003).



10.

11.

12.

13.

14.

15.

16.

17.

18.

Obert, E.F., Internal Combustion Engines and Air Pollution, Intext Inc., Ne
York, 1973.
Kwanchareon, P., Luengnaruemitchai, A., and Jai-In, S., Solubility of diesel-

biodiesel-ethanol blend, its fuel properties, and its emission charateristics from
diesel engine, Fuel, 86(2007) p.1053-1061

Chen, H., Shuali, S., Wang, J., Study on combustion charateristics and PM
emission of diesel engines using ester-ethanol-diesel blended fuels, Proceeding
of Combustion Institute, 31(2007), 2981-2989

Rafael, M., Sanchez, M., Mucino, V., Cerventes, J., Lozano, A., Impact of
driving styles on exhaust emissions and fuel economy from a heavy-duty
truck: laboratory tests, Int.J. Heavy Vehicle System, 13(2006), 56-73

Wang, W.G.., Clark, N.N., Lyons, D.W., Yang, R.M., Gautam, M., Bata, R.M.,
Loth, J.L., Emissions comparisons from alternative fuel buses and diesel buses
with a chassis dynamometer testing facility, Eviron.Sci.Technol. 31(1997),
3132-3137

Kowalewicz, A., Eco-diesel engine fuelled with rapeseed oil methyl ester and
ethanol. Part 1:Efficiency and emission, Proc.IMechE, 220(2006), 1275-1282
Sybist, J.P. and Boehman, A.L., Behavior of a diesel injection system with
biodiesel fuel, SAE Technical paper No. 2003-1039 (2003)
www.uidaho.edu/bioenergy/BiodieselEd/publication/05.pdf

Can O., Celikten, 1., Usta, N., Effects of ethanol addition on performance and
emissions of a turbocharged indirect injection diesel engine running at
different injection pressures, Energy Conversion and Management, 45(2004)

2429-2440



19. Xing-cai, L., Jain-guang, Y., Wu-gao, Z., Zhen, H., Effect of cetane number
improver on heat release rate and emissions of high speed diesel engine fueled
with ethanol-diesel blend fuel, Fuel, 80(2004) 2013-2020

20. Song, J., Cheenkachorn, K., Wang, J., Perez, J., Boehman, A.L., Young, P.J.,
Waller, F., Effect of oxygenated fuel on combustion and emissions in a light-
duty turbo diesel engine, Energy and Fuels, 16(2002) 294-301

21. Shi, X., Yu, Y., He, H., Shuali, S., Wang, J., Li, R., Emission charateristics
using methyl soyate-ethanol-diesel fuel blends on a diesel engine, Fuel,

84(2005) 1543-1549



List of Tables
Table 1 The specifications of the tested vehicle
Table 2 The Bangkok Driving Cycle

Table 3 The exhaust emissions from the tested vehicle on a chassis dynamometer

Table 4 The fuel consumption in each phase



Table 1 The specifications of the tested vehicle

Isuzu DMAX
Cylinder number x bore (mm) x stroke (mm) 4 x93 x92
Displacement (1) 2.499
Compression ratio 17.7:1
Rated power (kW)/speed (rpm) 58/3900
Maximum torque (Nm)/speed (rpm) 176/1800
Table 2 The Bangkok Driving Cycle

Details Phase | Phase 11 Phase 111
Distance (km) 3.509 9.696 14.836
Time (s) 823 730 724
Velocity range (km/hr) 10-20 40-60 60-80
Average velocity (km/hr) 14.61 46.77 72.64




Table 3 The exhaust emissions from the tested vehicle on a chassis dynamometer

Phase/Emissions

Emissions (g/km)

Diesel Diesohol

THC 0.121 0.083

NOy 1.111 1.035

Phase I (6{0) 0.374 0.311
CO, 262.946 258.651

PM 0.097 0.058

THC 0.041 0.031

NOy 0.934 0.920

Phase Il CO 0.057 0.014
CO, 193.700 189.625

PM 0.130 0.056

THC 0.028 0.020

NOy 0.415 0.455

Phase 11 CO 0.010 0.042
CO, 168.000 165.874

PM 0.082 0.042

THC 0.044 0.031

NOy 0.682 0.689

Average CO 0.072 0.067
CO; 188.828 185.783

PM 0.100 0.048




Table 4 The fuel consumption in each phase

Phase/Vehicle velocity

Fuel consumption (km/L)

Diesel Diesohol
Phase I /10-20 km/hr 10.03 10.12
Phase Il /40-60 km/hr 13.66 13.84
Phase 111/ 60-80 km/hr 15.75 15.82
Average 14.01 14.12
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Figure 6 The power output at different engine speeds from a chassis dynamometer



