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Quality of blended fuel prepared by mixing of diesel, bio-oil and

emulsifier or ethanol using high speed and ultrasonic mixing
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ABSTRACT

The application of bio-oil obtained from biomass pyrolysis process with engine has limitations due to bio-
oil has high viscosity and acidity, and high water content, while its heating value is low. Therefore, utilization of bio-
oil in the form of blended fuel prepared by mixing with diesel is one of interesting way. However, producing of
blended fuel with a good quality depends on many factors such as mixing methods, mixing conditions, type of
emulsifiers and additives. Thus, the aim of this study was to investigate the quality of blended fuel prepared by
mixing of diesel, bio-oil and emulsifiers or mixing of diesel, bio-oil and ethanol by using high speed and ultrasonic
mixing methods. The bio-oil obtained from pyrolysis process of oil palm biomass was reduced the water content
and then it was mixed with diesel at ratio of 5:90-94 % (wt.). The Span80, Tween80 or ethanol were used as
emulsifiers and surfactant at the mixing ratio of 1-5 % (wt.). The prepared sample was mixed by high-speed blender
and ultrasonic waves at frequency of 20 kHz. The quality of the blended fuel was determined in terms of phase
separation both after mixing and during storage. The ultimate analysis, viscosity, pour point, cloud point, flash point,
pH, ash content, density and higher heating value were also determined. The results showed that mixing methods,
type of emulsifiers and mixing ratios had effects on the mixing quality both after mixing and during storage.
Preparation of blended fuel by using ultrasonic waves provided the mixing quality better than using of high speed
blender. The phase separation of blended fuel prepared by Span80 was slower than the use of Twee80 at all
mixing ratios. The blended fuel that was mixed with ethanol had the mixing quality better than the use of
emulsifiers. But, the blended fuel prepared with ethanol had the phase separation faster than using of emulsifiers.
The determination of blended fuel properties revealed that the fuel property of blended fuel was similar to the

diesel, except the color which was darker, following the color of bio-oil.
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ﬁumauﬁ’mm%lan‘i’jummﬁaiauqq Vil ound anand
Snvazdudoroiundweuads uidmdunsdivasnisly
Span80 Soway 3 WAy 5 WU AINENRIRE1AESUANENT
WIuADEeEITALIL ansuIuanesinatdudiunes
Span80 Alilansoavaraduileierfuvesnadiuiy
wilofinnsannisueniavewdeomamanlusninanisiiu

szogiian 6-24 alus wuan M3ld Spang0 Sewaz 1 dwwa

WlHAnnsuendunIousnaveweanaiiniinisly
Spans0 Aiflaudutudesas 3 way 5 muddu Feazidiu
nalgdaaudiosseznamaivdiuly 12 $lue nading
Fuanalfiiuinnisii udadiuves Spanso dswavinly
Fomdwaunsnalddnas lunariinnisuvivassld
Farauanndaay
dmsulunsdlvond ound smaud wanlaeldady
Sandladanuin nsuanlaeldnd usansledavinla
\Fomdmauiidnuasduiomoiundmauads Jaunnsa
Funsle35dunaued1udaau eswnnswaulagldndy
dans1ledaf mud gevevinlieyaianseluianaves
PounanAILeeY AN Lazraiuldognwiabe 3
Junannnisiinardmdu (Cavitation) Tuszninanisway
(Delmas and Barthe, 2015) wafena11d dennd ey
11u3T8ves Farooq et al. (2020) 1 ofa1saINITuENLIE
voudandwanluseninansiiunuia nsld Spango
dndnfovas 1 dwaviliidamamwaninnisue nulaldiés
A9nsle Spango fidnaudesas 3 waz 5 Tunsdvesnis
T4 Spans0 dnduderay 1 Fesdaunmdiunisuenivaitaeu
dloszeznanisfiuniuly 6 9alus uilunsdldndudosay
3 JuRamsuenlaiaoudnednmudiosvevnaniuly 12
Flus dwduludruvesnislddnantosas 5 nui Wownds
naudansrouinadidneasdudooaruiiossozinainis
diusnuly 24 Falus
é’m%"umﬁé’qmquﬁﬂﬁummaﬂW\IaﬁuaqLs‘“nyat,waq
NEINUT s Tinnsueniideanan Spanso way
urstufiea lnsusninasyd1udsan (osaindany
MUTUUUFINTT Spans0 waziiufiea Tag Spanso Ay
unfufiwadsnseglugUvosnamandosandainim
vuududaudelndidsaiy uazuonaind famuindves
diufwadsuandudedadudinmauaady Fasven
fensavansvesesdUsnoumaaiiunsdrensuTInm
Tushsfudiiva naludrud lduansdfiiuingnsdiuves
Spang0 war3snsnaNaHasion1SLEnNEYD T oG e
ataFaLau nsuenlaveadomdwanaziind ol
nswas S5:090:85 dudusnsdufidusuia Spanso g

NT19MTIAIUD U NITANT UVDIUTNIU Spand0 vinlu
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WRLWAINANAANISWENINETT 1199970 Span80 dAuniln
=~ va & Ao a saa a ' v a
g9 HaudRdudiaglnieainfuaslrmanumnuuulndifes

AUMYATIVIIAANTLENWEYD WY DLNAINANTINI1D L A-

Flloesuilndu dnvie Spando Suduaisanusefaffidlen

Hydrophilic-lipophilic balance (HLB) winfiu 4.3 3397891
Iﬁfwﬁu%amwéﬁaﬁﬁﬂNamagjLﬁﬂmiﬂizmsé’ﬂwfﬂﬁuﬁwa
Ta@ (Lin et al, 2016; Liang et al., 2018; Farooq et al,,
2019)

A9 2 mamimaaumamﬁmaﬁLmﬁsﬁmaqﬁﬂizﬂaumaqi’mqau
Property Diesel Span80 Tween80 Ethanol Bio-oil
Ultimate analysis (% wt., dry basis)
Carbon 85.17+0.15 70.76+0.03 58.78+0.02 51.53+0.06 63.37+0.35
Nitrogen >0.01 >0.01 >0.01 >0.01 0.86+0.04
Hydrogen 13.42+0.00 10.63+0.11 9.56+0.04 12.92+0.11 6.99+0.10
Oxygen 1.41+0.15 18.61+0.05 31.66+0.08 35.55+0.05 29.64+0.31
Sulphur >0.01 >0.01 >0.01 >0.01 >0.04
Viscosity at 40 °C (cSt) 3.23 304 188.27 1.02 14.07
Flash Point (°C) 70 185 NA 30 NA
Pour Point (°C) -1 -16 -16 -40 -13
Cloud Point (°C) 9 NA NA NA NA
Solid content (% wt.) 0.14+0.08 0.49+0.40 0.46+0.12 0.07+0.03 5.62+1.37
pH 7.59+0.22 6.07+0.07 9.4+0.44 8.15+0.07 3.57+0.06
Ash content (% wt.) 0.13+0.03 0.09+0.02 0.08+0.02 0.04+0.02 2.99+0.06
Density (ke/m?) 874.80+4.23 894.40+2.19 987.42+2.93 745.00+1.82 977.80+3.21
HHV (MJ/kg) 42.04+0.83 35.67+0.10 29.25+0.07 25.08+0.60 16.74+0.44
(n) ()
S5:D90 : BS S5:D90 : BS

E - E

S S3:D92:BS S S3:D92:B5

o0 - oL

£ | PR FE £

| ( = )

S1:D9% : BS S1:D9% :BS N
0 6 12 18 24 0 6 12 18 24
Time (hr) Time (hr)

JUN 2 dnvarvedeindmanild Spanso ndwauaiwwasluseninaniaiiu (n) msuaudensesdunaunnuiiseugs

() Mswaulagldnaudansilola
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2.2 AMATNYDUYBLWAINENTENTI1S Tween80

¥ o o

dnsiufiea wazthdudann 3Ui 3 (n) uas (1) uan
SnunzvedomAsnauszning Tweens0 thiufiva uax
‘f’]ﬁu%amwwé“amsmauLﬁ%ﬂLLasﬁiwznmmiLﬁUd’Nq
TneldieSosdunaneuisisevguaznislindusaniileda
ngUAInaaziulaIndndiures Tweens0 uazisnis
waslidanasonun NN SHAIAIHALLES Y019 TRLaY waz
Lidwmadenmuamiuanudufiorfurendomamanly
sEmInmaiAv defiansanaindnuwaanionmuaznis
woninavondemdsnaudauansmususenanaziuldi
n¥mamadademdsmaudeudradudoioatu udiinng
N3218DLAIATDY Tweens0 uaztnudinnlufieatie
nten Fedanaldandnunzreavariifiasuuiuaseuio
figentdiady ndufusnuiduszesnm 6 Falus iWounds
wauinnsueninaeenainiuegudaauiivniieulunis
wan Tnsfiintudaniwuag Tweenso iian susninaoen
nsfuiiwalveydauans iesaindudaninues

Tween80 JAMUNUILLUAININTUALaABUT 191N

T5 : D90 : BS

T3 :D92 : BS

Mixing condition

Tl : D94 : BS

Time (hr)

o

uanan{ Tweens0 §afiAn HBL gen31 Spans0 (1 HBL
989 Tween80 Wiy 15) Favilk Tweens0 tHuasanuss
RanfiflaudFdu Hydrophilic Yon9nians Polyethylene
slycol (PEG) Tu Tween 80 §afivuialuianalugyningns
Sorbitan Tu Span 80 dwarliamnmnsuaNveuTomas
ER Span80 An11n15LT Tweend0 (Lin et al., 2016)
wazdlefansandvendomdmwaunuin dveadomdway
wiendundeusnialidnvasdudivdswasnauiiina
\dntios Gewanslfiiuisnisazatsvesesrussnaunanil
vsdruvesingduiinmluidusiie wazidefiansan
Snsdrunesdiadlnionsie Tweenso fiflnasionisuen
aved olndsaunuin nsuaLLS o saniiS euly
T1:094:85 FeilUSunaTweens0 lulSinaosnindnsdi
Suq dwailidomdwauinnisusnalddrnindouls
§uq Wensalvesnisnaudaen el unaunarnsldady
sandloda naludruduanddiiiuiinisiiud uves
Tween80 vilfdomamauinnisusnlaiay esen

auURvas Tweens0 adbanaibikanaunring

(v)
T5 : D90 : BS
R @'

)
-
S T3:D92:BS .
oL
E o .
" '

Tl : D94 : BS

6 12 18 24

0 2 2
Time (hr)

JUN 3 dnvagvendeamdmaniild Tween80 vdwnanaiwwasluseninimsi (n) manaudeesesdunauninusiseu

g4 () mawawlaglimdudaniledn
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2.3 Qmmwwm‘?amﬁwamwdw LONIUDA
dnsiufioa uazingudanin 3Ui 4 (n) uag (1) wang
Snuarvend endmansenitneniuea duiea uaz
dudanaw fdoulanisnausieg wdwauasanazly
sEnIemsiiusnen Iﬂamiwamﬁwlﬂ?w‘juﬂaml,%aiauzja
waznsldndudandleda nan1s@nuinudn dndiuves
OV IUBALALTE N1 THANA INAH DA UAMATTHANT 9
nasaduazlussninamsifivine lunsdveadoumndme
finaudoia3 o unnudrsougeiud eund snaunds
wawafafidnvausdudeoiorduinnanududures
levnuea Wesnnenusadantilunisazansfivauas
dsuinmildiduideiiion (Pozarlik et al, 2016; Omar et
al, 2019) usiilofiusnudedals 6 $alus msuonmlawes
Fomdmausudunaiulddnay uaziiszozinansiiu

Ut ulurusNdndiuroueusaliuly n1susniayas

v
= 1

WomAsmanaiing ueg1etaau denndsiiuiuiTeves
Weerachanchai et al. (2009) way Pozarlik et al. (2016)
\fosanesdussnavvesansafiidauarliifidrluenuea
vsfuganm wasdsfuiwadisnady dwsulunsdvesnis
nanlagldndusansladanuin msldadudansledaviili
Qzumwmiwauﬁ'm'wmﬂ%m%’laaﬁumaummﬁasaugq
Tunsdifenaninisfiunnudediureseniueadnavinle
\FomAmauAnnsuenaidias Fauanmafunsdueanis
1358 unan nasananiiinanmsldndudaniladngle
Ml veaainn1suanmILIadnLarsIuiuduvoman
Waweniulanty
dlofiansandnuarmenisnmuazmsseniaues
L%@Lwaqmauﬁmammugﬂﬁ 4 auiuld T oA WaLna

1Y

nadasatdnwasduilawmennu wazvounaliauiniani

\fiesnndveninduinmiitidnesasdy Wofiusnwndu
STUTLIAIANE Fomamauinnisuonlaosnainiulugag
6 aluausn dwsunistunan Weassnemueaiinaunia
muazdanunuuiuiniiuwarazinfuginm Tae
ﬁwﬁu%ummﬁmmmmLWaaqiﬂaajéﬁgufml,ﬁmmﬂﬁmm

nwuugs luvagienusawsnialiagiuuuiiiosnnd

AUAUILU UL BENI LN UALTALATUITUTININ AT

NINFUNFVRI VDN HFU TSI NENUI Fveatndudiya

Wasuandmdeddadudimawnadudsisvenienis
avaneve0fUsEneumaaiiuisduvessfugannly
fa Sadwiiianisusnadmdnuaufe E5:090:85
wandliifiuinnsifiuduvesoniusaraeliidewmd ey
Woreniulds Wewniwauazihduianmannsaazane
ladluansarangloniuea lngUnflenuoanssusanagoa
naldAf Uit esannenueatisanuseieia
%aﬁﬁﬁﬁu“?nmw (Weerachanchai et al., 2009; de Luna et
al,, 2017) uaﬂmﬂﬁl,amuaam%aLLaaﬂaaaéé’qﬁ’mU%’wqq
Armudousaranuiunsnvead eindwanld sy
( Suppos et al, 1997; Weerachanchai et al, 2009;
Pozarlik et al, 2016; Liang et al., 2018) fafusnsiauiia
lovupagedvanunsnasgUlusUventoindsmanlduuld
wunidnsduug uenani dersuiiisunmuninyes
Womdsmaund wauasauazluseninanisiiunewimuin
mslionuealusvhazaredemainlilag ewna sweauitdl
ANAIMNNSHANANTINTTLY Tween80 Uag Spang0
3, gudAnazasdUsznauve Lt BINBINEY
namsAEUMANTRLaTaIRUSYNoUYR LT aINAS
nauLERIfInns197 3 BsluduiildfinsmaaoumanTiuas
AipszimesdUsene et ewmdmaniinaunislddouly
$5:D090:B5, T1:D94:B5 wag E5:D90:B5 waxldisn1sua
wuuldad udandleda 1l ssarndudoulanaud vili
Fomdwanidnvasduierediundmanads nanis
VpaeUMANTALALIATEINBIRUSENUYR T BINE SHEN
WU aqﬁﬂszﬂa‘umﬂmﬁa’wimjﬁumL%‘yamﬁmauﬁa
ardvaunarlslnsiau 13 owmdwmaufusuiansuay
lalasiau uarveandiau aglutiiosay 80.90-83.16, 12.37-
12.86 way 3.84-6.50 (wt) L oinasnaniusunanisuousi
nnfuialdntes 1iegen Spanso, Tweensd Lo
yoa warvfudann fUsunaaiduourininthduiiea
msrauisufwaiudtatiness vieenuea waztnity
Fanmarelddadrud fnuavhldusualalasiauly
Fomamavanandntiosdioniouiouiuiiuiies e
WAITUIAIAIINT 0 UF S (HHV) 99945 BLNE IHaUNUF
LS'??EJL‘wéawauﬁmmwﬁauqaa&ﬂuﬂm 42.12-43.83 MJ/kg &4

JarlndAestuindusea TuaiuveslSuiudanesway



428

KKU Science Journal Volume 48 Number 3

Research

Tulnsauludomdmaunuin Womdmauiivunadames
wazlulnsauiuiudndesdiewssufisuiuiiugiva
Usinadamlesuarlulpsioudimaduduisanlulesiou
wavdaesveaingduianin nsid eindswand i
Tulnsiaunasdamasiasiily SO, uay NO, fiinainnis
W lngddiuSunutios
nsiansanautivesdemdandsssneudae
Anuntde galnan 9aUll wazgaguln wuii nsld
Span80 waz Tweens0 Wudifadlieesdwariliidoimas
naudaundai ud udnifes 1iesainanundaves
Siiadluooidendandarganinituios uslunsddld

LOYIURANUIN WamAdNaudauninanatantes Fady

NANIINLENIUDALANUNTLARNINTIALLE NISEINHUS U0

(n)

ES : D90 : BS

:BS

Mixing condition
m
W
g

El:D9%4 :BS

Time (hr)

@

€aN

@) Mswaulagldndudanitloda

a v al

5e7agleaddwmarinlianauniinuead owd snauiian
ity Losnndiatlonsidaaumiings (Liang et al,
2018; Hansen et al,, 2020) 1 o1& smay E5:D90:85 e
mmmilam Fgalvamiianas wazslganuliiiguvnives
(Room temperature, RT) Wi penisTudnmuas iy
Aadinnsaazanglaniuleniuea (@elde1ivesoranian
lalasasupuvoaeymusayinliaunsaianisazatalan iy
ihiufeauaringuianin) ludiuvesrianuguiaves
Fomamauiuliannsataldidamindvoniniugnmis
Snvazdugthmady Arrudunse-mwosdoindna
Aeutnen osanisudinmiiaanudunse-ssule

Wigueuiuweindanaydiadiniees
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13
. | H L§‘

0 6 12 18 24
Time (hr)
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mi']s‘i‘ﬁ 3 Naﬂ'ﬁV]ﬂﬁ@U‘VﬁﬂNﬂaLLa%’QJLﬂﬁqgﬁﬁqaﬂﬁﬂigﬁﬂ@U%@QL%@LWﬁQNﬂQJ

Property E5:D90:B5 S5:D90:B5 T1:D94:B5
Ultimate analysis (% wt.)
Carbon 80.90+0.28 83.16+0.29 82.70+0.95
Nitrogen 0.11+0.00 0.12+0.00 0.11+0.00
Hydrogen 12.37+0.07 12.80+0.03 12.86+0.12
Oxygen 6.50+1.35 3.84+0.31 4.25+1.07
Sulphur 0.13+0.01 0.08+0.00 0.07+0.00
Viscosity at 40 °C (cSt) 2.97 3.55 3.66
Flash point (°C) RT 74 70
Pour point (°C) 0 2 -1
Cloud point (°C) NA NA NA
Solid content (% wt.) 0.20+0.07 0.17+0.10 0.13+0.13
pH 3.63+0.35 3.37+0.08 2.94+0.15
Ash content (% wt.) 0.01+0.00 0.02+0.00 0.01+0.00
Density (kg/m®) 893.40+5.76 931.12+6.42 950.83+5.38
HHV (MJ/kg) 42.12+0.68 43.83+0.17 43.57+0.59

RT ane8le Room temperature

NA i Not available

[
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