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ATTHAPHON MANEEDAENG, Ph.D. 104 PP.

BIOFUELS/MICROEMULSION/ COMPRESSION IGNITION ENGINE

This research focuses on the study of biofuel prepared from rice bran oil and
ethanol using microemulsion technique which binary surfactant system as emulsifiers.
A first group of nonionic surfactants used were Span 80 and Tween 80 was mixed with
another group of nonionic surfactants, such as Dehydol LS 1 TH, Dehydol LS 3 TH,
Dehydol LS 7 TH, and Dehydol LS 12 TH in various molar ratios of 1.0:0.0, 0.7:0.3,
0.4:0.6, and 0.0:1.0. The solubility of binary surfactants and co-surfactant was
investigated at ratios of in 1:1, 1:5, 1:10, 1:20, and 1:30. Microemulsion phase
behaviors were experimentally investigated in order to optimize the fuel components
and single-phase boundaries at 40°C. Besides, properties of microemulsion-based
biofuels were examined through kinematics viscesity, specific gravity, flash point,
cloud point, pour point, and higher heating value and comparing with the standard and
quality for biodiesel using in agricultural machinery in year 2006. The experimental
results revealed that the fuel efficiencies and gas emission from the compression
ignition engine at the molar ratio of 1:30 of binary surfactants to co-surfactant were
comparable to the standard properties of biodiesel and diesel. Biofuels prepared in this
work resulted in similar thermal efficiency compared with diesel, but the ignition is a

little slower because the higher viscosity. The fuel consumption was higher than



commercial diesel. The amount of emitted gasses from combustion chamber such as
carbon monoxide and carbon dioxide were similarly to diesel, but microemulsion-based

biofuels produced less NOx comparing to diesel.
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o H,C—— OH
| HO—C—R,
H,C—O0—C—R,
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M1319T 2.3 Cyy 1Az CMC Va5 aausIaeiIsIaguazmMIfSeuounua1saasaang

Unangamngi 25°C

Cy CMC
Compound Medium “ “ Reference
()M (10 M)

Conventional surfactant

C,H,,COONa H,0 5,000 20,000 | Zhu, 1993
C,,H,:S0, Na' H,0 4,400 9,800 | Zhu, 1991
C,,H,:S0, Na' H,0 3,100 8,200 | Zhu, 1990
C,H,N"(CH,), Br H,0 8,000 16,000 | Rosen, 1996
C,H,N(CH,),-CI 0.1M 1,950 5,760 | Li, 2001

NaCl
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A1319T 2.3 G,y AT CMC vod15aausIasHITHAguazMIfFouieunua1Taasaang

UnaNgungil 25°C (#9)

Compound Medium Cy CMC Reference
a0 M | (10°M)
C,,H,,CONHCH[(CH,),;NHC(NH,), ] H,0 630 6,000 | Perez, 1998
COOCH,-CI
C,,H,,CONHCH[(CH,),;NHC(NH,), ] 0.1M 50 270 | Perez, 1998
COOCH,-CI NaCl
Gemini surfactant
[C,,H,,OCH,CH(OCH,COO'Na")
H,O 4 84 Zhu, 1993
CH,),0
[C,,H,,0CH,CH(OCH,CH,CH,SO,
H,O 8 33 Zhu, 1992
Na+],0
[C,,H,,OCH,CH(SO, Na") CH,0CH, ], H,O 1 13 Zhu, 1990
[C,H,sN"(CH,),CH,],-2Br’ H,0 - 840 Zana, 1991
[C,,H, N (CH,),CH,CHOH],2Br H,0 129 700 Rosen, 1996
[C,,H,.N'(CH,),CH,],CHOH-2CI 0.1M 0.9 936 | Song, 1996
NaCl
[C,,H, N (CH,),CH,CHOH],2Br 0.1 M 0.9 21 Rosen, 1996
NaCl
(C,,H,,CONHCH[(CH,);NHC(NH,), ] H,O 1.9 9.5 Perez, 1998
CONHCH,),2CI
(C,,H,,CONHCH[(CH,);NHC(NH,), ] 0.1M 1 9.2 Perez, 1998
CONHCH,),2CI NaCl
252 MIABIMIVEIINIANAVBIAITAANIIAIAD
Wemuansaaussdisadlin THaNAveIAT VL IINANUUTIURITUAT
FEUININNA 1FU senhahfueinia wiethiniiu Tasdnnfaddiziuasluth

Y

U Y g’; A a =2
mumwwu”lﬂmﬂmmﬁ VNHTIFWIN“U?NI?JLQQWU

I g ' o 2 [ A
Wuansenneigmansaes aaaaslugili 2.8

Y

U

UDYNUANVUANAITLHINANINAIY
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7 . b2 v =2 a J
“hliJl,Gh'aa (Micelle)” IﬂElﬂ'J'lil!,GUilGUL!‘V]Lﬂﬂﬂ'lii'JiJG]'J"U'ENIiJLﬁQﬁﬂl@ﬂﬂ?iaﬂlli\?ﬁ\?W'Jlﬂu
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J 1 1 a a J
luadeziFonan “aranududuinganisina luiwaa (Critical Micelle Concentration, CMC)”
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a P ST 2 Yy ¥ A s - o
ﬂ’lilﬂﬂul,illcﬁaauL!llFI]leﬂ’lﬁllelﬂ'J’liJlfUﬁJmuWif]ﬂiiJ’lﬂ!ﬁll@\‘]ﬁ'lia@Lliﬂﬁ\‘]W'Jf]ﬂ llﬁﬁ]gllll‘ﬂ'lﬁlﬁ
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MIAALIIAIITZHINAIRMA uaazsh lfinadgma lusadmusiuaunniiu Az 2.9
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Surface tension

iééliééi/{iéléi —
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B
>

log surfactant concentration

gﬂﬁ 2.9 Critical micelle concentration (CMC)
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Micelle Reverse micelle
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253 MISBUNENTAANSINAININAANNINTOUIINAZ Y (HLB system)
I { ) vAa
5211 HLB (Hydrophilic-Lipophilic Balance) 1 uszuui 19usisauiifves
4 Y
A150ALTINHINNANAAVDIANUFI UL AU UYDI TNANAVDIEITATIAIAD A1500
= Aa A %’ 1 = | % Y A R A A~
159A9AINFEVUININNI 1z NA1 HLB g9 nazaza1o1i1 14a yazia1saausaaanandl
H 1 1 :7 %l % a o
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1 =R A d‘d 1 :; A %’ 9 == v A o %
FIUATTAALTIAININUAT HLB 91 A0 4-6 (HLB < 7) azmam"lﬂ'lm WHNICTUNUDUDTU
2 H 3 o 2 Y =X a o a a J 1
¥uau1 ludguw Joss wazd5e, 2540 9190910 U255 BHUATNARA, 2556) dIUA1 HLB
' v QY £ = ' o q 9q ¥ ' o ' '
TEHIN 6-8 llﬂi“ﬁlﬂuﬁWi@ﬂﬂﬁWﬂJ‘Bu%leillluglﬂslﬁcl“lf iagn1 HLB 71171 4 Llagu1nnI1 18

=~ =K Aa ::d ra 9 A Y a 9 1 =KX A
ITU 1LL5WNW’MW%Q%JHEJ§J1% ‘Vii’é]GlfNW%TiﬂHﬂTiGl%ﬁTii’mﬂﬂlli\m\m’J (Co-surfactant)
=2 g A ! I A A
Fautluaisdszianueansesdniniuenvedla lalasaisueuiunaia (C4-C8) Wianae

A Y a A v o 1 o A
L'W@TWS%”]J”]JNﬁﬂlﬂﬂlﬂuﬁﬁ"llliﬂiﬂlla%u U PNYINVUDY HLB ﬂﬁgﬂ% 2.11

18
Solubilizing agents (15-18)

Hydrophilic 15
(water soluble) | Solubilizing agents (15-18)

12
_______ O/W Emulsifying agents (8-16)

| Wetting and spreading agents (7-9)

W/O Emulsifying agents (3-6)

Hydrophobic

| Antifoaming agents (2-3
(oil soluble) atifoaming agents (2-3)

A 1 1 =2 a A 9 a a v W v
qil‘]J‘VI 2.11 ¥394n1 HLB "’llf)x‘iﬁﬁﬁﬂ!l,‘i\‘iGNN’J“V]%fﬂﬁ]ﬂﬂizlﬂ“lﬂ"ll@\?ﬂﬁ!,ﬂﬂvllliﬂi’t]llﬁ“lfuﬁnﬂ 9
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2.6 AT (Emulsion)

Aav o A o Y a A 1 9y 9 o 9 I X @
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Y v W = 1 U o Av w . a A a ds! Y U
1@1@861ﬁ8@3ﬂ3$ﬁ1u 138NN “AINBUAYY (Emulsifier)” aua utnaIUmINUeIRIEa 1A

v
A o 4 U

o 3 & &K o 1 Y v p 3
cFUNAN UL U IRgINY uwmiwamfgamﬁﬁumumawmaqq dsFUNAT UL U

[ A < a 2 g =} ~ J @
93 I1N1AND muﬂjmmawuwmmuwmﬂmmmaﬂ 138N “’JQﬂWﬂﬂWElGlu (Internal or

(3 []

Dispersed phase)” 329180208 1UYBUHAIDNFUAK UL FonI1 “IPn1An10U8N (External or

@

Y
Continuous phase)” Tagdsatuuaassiaasoutiaesnld aall
2.6.1  ¥HAVDIDNAYU

' 1% { [~
2.6.1.1 LLL]JQ@'UJaﬂHmgﬂwﬂu@ﬂﬁuﬂ\uﬁu

]
2 [} =1

1. TA593a%Y (Macroemulsion) A9 9 asuyuv1INNUNR2 11l

a

v IS)

BYNIAVDIINN A8 TUTVUIA 2,000-20,000 nm (2-20 pm) W1 IATBVAFUTVUIABYNIA
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1. ovaruytaiuluii (Oil in water emulsion, O/W emulsion)
1 Y v Y

1 7 a ] QU 30' v v
druvesasaaus i@ vIFsre uivzeddumuen igniantelune Wi igain

A 901 1=} =) % 2K A dyl 4 .
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v W a o
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2. 9 avuria luiy (Water in oil emulsion, W/O emulsion) Ao
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3. 99aFUIBIFOU (Multiple emulsion) AD BUaTUNNTHNI1ANY

Tudounuog Fuiluveunardayfiadu 1%u W/O/W (Water/Oil/Water) 30 O/W/O

(O1l/Water/Oil)
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Winsor II : reverse mucelles

temperature for non-ionic surfactant)

Tuning parameter (Electrolyte concentrations for ionic surfactant or
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2.10.5 i;ﬂ"l‘nam (Pour point)
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31/91 3.10 Bomb-calorimeter LECO 314 AC-600

3.6 msmaauﬂsz%w%mwmmm’%mﬂuﬁﬁwagmﬁm
3.6.1 51ﬂaz@mm%mﬁaﬁ“lﬂumimaau
Engine: Type 1 Cylinder, 4 strokes, water cooled, stroke 110 mm, bore 87.5 mm,
Capacity 661 cc. Diesel mode: Power 3.5 kW, Speed 1500 rpm, CR range 12:1-18:1.
Injection variation: 0-25 Deg BTDC. ECU Petrol Mode: Power 3.5 kW @ 1500 rpm, Speed range
1200-1500 rpm, CR range 6:1-10:1
Dynamometer: Type eddy current, water cooled, with loading unit
Data acquisition device: NI USB-6210, 16-bit, 250kS/s
Piezo powering unit: Make-Apex, Model AX-409
Software: “Enginesoft” Engine performance analysis software
ECU software: peMonitor & peViewer software
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ETJV] 4.10 l!WHﬂTWﬁ15Nﬁuﬁwuﬂ\‘]ﬂﬂigﬂ@ﬂlu'ﬂﬂTiaﬂ!ﬁﬂ@NN'ﬂu5$‘]_l‘UWﬁ3J

(Tween 80:Dehydol LS 3 TH lusasiaaulag Tua 0.4:0.6)



Tween 80: Dehydol LS 3 TH =0.7:0.3

S:C

— S:C=15

= SC=110
— S:C=1:20
— S:C=1:30

0.0
Ethanol

Rice bran oil

A J A =K A
qﬁ;lh’] 4.11 lLWHﬂ1Wﬁ1iWﬁNﬁ1Naﬂﬂﬂﬁgﬂﬂﬂlnﬂﬁ'ﬁaﬂllﬁ\iﬁ\w‘l'flu‘iguup‘lﬁu

(Tween 80:Dehydol LS 3 TH Tuoasiaiulaslua 0.7:0.3)

Tween 80: Dehydol LS 7 TH = 0.4:0.6
S:C

1.0
0.0

Rice bran oil 9.0 0.1 02 03 04 0.5 0.6 0.7 08 0.9 1.0 Ethanol

= J A 2K A
qﬁllhﬂ 4.12 LLWHﬂTWﬁ1§Nﬁllﬁ1119\3ﬂﬂ5$ﬂﬂﬂ!ﬂ@ﬁ?iﬁﬂlﬁ\i@qW?iuﬁzﬂﬂﬂﬁu

(Tween 80:Dehydol LS 7 TH lueasiaiulag Tua 0.4:0.6)
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Tween 80: Dehydol LS 7 TH = 0.7:0.3

S:C

Rice bran oil Ethanol

= J A =2 A
sUn 4.13 LLWHﬂTWfﬂiNﬁllf‘ﬁll@Qﬂﬂigﬂ'f]‘].l!llf’)ﬁWjaﬂLlﬁ\‘]ﬁ\iwjiuigﬂﬂﬂﬁu

U

(Tween 80:Dehydol LS 7 TH lusasiarulaslua 0.7:0.3)
A a d . . 4 R &' A A AaAv v
4.4  ANUKUAITI0Y (Kinematic viscosity) VOUBaINE 133 Iulnsoiaty
= A A A A A o
ﬁﬂ‘HWﬂQTNﬁuﬂmﬂﬂl%@LWﬁﬁﬂf?ﬂWWIﬂﬂla@ﬂﬂﬂﬂu'lulﬂﬂﬂﬁ'ﬂﬂ 3 %qﬂ%’lﬂllwuﬂ'lw
ManaumuesAlszney 9 1 sanaulastSunasvestiniusitiadesas 60 asaausa

1 L a { g v o
AIRIADEITTINAALTIAIRIT 08 30 nazienIueaiosas 10 9ah 2 W1ius19115esaz 50

'
= 3 o 9

A150ALIINAIADAITTINAALTIAIAIS DBAY 30 LaZioNIUDAIPEAz 20 9AT 3 WU 1917
$ouaz 40 ANTAALIINIAINDAITIINAALITIAIAIST 08AY 30 UAZIONIUDATBYAL 30
= a d &' a d' d' [y J X A
441 anuvdarvanveuramauNalagumlasonalnveIasaalsINIR
(S1:S2)
v 9
11A15°90 2.5 Masgiuanuzuazqaun muesiniu lulefsadimiy
4 4 % o = a
IATOEUAMTINEAT W.A. 2549 AnunilavesuiniuluTofa w guwgl 40 eeruwaiFod
AITAINIT 8 cStINONATOUAINLIATFIU ASTM D 445 Wugah 1 uaz 2 Tunwunin

J = A J =< 1 o Y a
miNﬁmﬁmmmﬁgﬂamlmmmwuﬂqqmmm55;mm”lmumﬂﬂumiwmim

'
a

d' A d‘ 2 =® Aa 1
i]1ﬂ§‘]J‘l/] 4.13 LLﬁZ:.ji“]J‘I/I 4.14 l,iJ@l,WllﬂillesU@\‘lfﬂﬁﬂﬂl,l,i\WNN'JﬂQll S1

Y
2 A

A a 4 dy a A = Y A =
ﬂ’JHJ‘H‘L!@1LG]Ni]ﬁ‘LJGUG\HGB@LWﬁQ%’JﬂWWNLLH’JIHNQ’QﬂJu HBIWTNANUUUAUDITITAALLTIAN

nqu S1 UA1gINa1ngu S2 naziotdouaisaausIAedInNgy S2 910 Dehydol LS 1
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I [ 1 2 4
111 Dehydol LS 3 TH WuNAMunialin g 1ie4u1n91na1uniinveq Dehydol LS 3 TH
§4n71 Dehydol LS 1 TH 1511
= a d d‘ d' (Y] J 2K A \J \J
442 anunuarIauNaasunlalons1aIuveIa1TannsINININB a1 IN
AAUTINIRI (S:C)
~ =} A a 4 zil a A A
13UN 4.14 MISToUMsUANUNUAFIIAUVDAFDINAIFININAY Span 80
I o 1 d' A =Y A a =Wl ] d' o
Wusardsenounuiniiomuasuias 1-Octanol ANUMHAFIa YA Tl asuulasuimin
T A A ~ s A a 4 ,i' a A A
uatloNa15a3UN 4.15 MsnfSouMaunuriAFau v UFBINAIBINTNAN Tween 80
< P oA A A A A P e A a 9
Wueendszney wuNisminF Y09 1-Octanol ANUHLAIFIIA VD UFDIWAIULU 1IN
d' = A Y 1 d' A =Y o Y dy a
AAa4d 1119911910 1-Octanol HANUUUATDINI tUDIHNUTUIUD 1-Octanol i1 19 1aB1N A4

Ay Y A o a
nldianunilaanas (UINT AIFVIN, 2557)

8 Standard
Biodiesel

Viscosity (cSt)
w
|
|
|

1:10 1:20 1:30
S:C

I Span 80:Dehydol LS 1 TH = 0.4:0.6
[ Span 80:Dehydol LS 1 TH = 0.7:0.3
I Span 80:Dehydol LS 7 TH = 0.4:0.6
[ Span 80:Dehydol LS 7 TH = 0.7:0.3

v
=

=~ A a o dy a A A I
319 4.14 manfSeumeuanuniaFalveAFBINAIFININAL Span 80 11]1
4 Y] 1 a
p9Alseney nazons1alIu lasdsurasaeluuNuAINEITHEN A Y

9
mﬁﬂisﬂ@uumuiwsﬁ’n 40% taNMUDda 30% tiae S:C 30%
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10

8 — Standard
1 Biodiesel

Viscosity (cSt)
[4)]
|

1:10 1:20 1:30
S@&

I Tween 80:Dehydol LS 1 TH = 0.4:06
T Tween 80:Dehydol LS 1 TH = 0.7:0.3
I Tween 80:Dehydol LS 7 TH = 0.4:06
[ Tween 80:Dehydol LS 7 TH =0.7:0.3

A = A A J L a a Aa 3
gﬂ‘ﬂ 4.15 ﬂTiL‘lEEJ‘U&‘V]EJ‘Uﬂ’JWJJ“H“LJﬂLGIN%auﬂlﬂﬁl“ﬁﬂlwaﬂ%ﬂﬂWWﬂN Tween 80 (11
4 @ 1 a
p9Aldseney !Lﬁ$E)GI‘ﬁﬁ’J‘L!IﬂEl‘l]i1J1¢Iiﬂ181ullwuﬂ1Wﬁ1iNﬁNﬁ1N

J N
@Qﬂﬂﬁgﬂ@ﬂu'luui1élalj']j 40% MU 30% tas S:C 30%

Y o . S
4.5  AUDINIUNIY (Specific gravity)
1 1 o Y] [ 1 g a 1 [] %’
ATNITUDINIUNIS ﬁ@ amwmummfmamumuu611mt%mamammwumummm

~ a A @ v o dy a A T E A 4
NYUNHULIAYINY ﬂ’J"IlIﬂ’Nﬁ]H‘W1$5U’EN!“]5f]LWEN1JWﬁ§I@ﬂ?iLNfl‘HiJﬂWElﬁlulﬂﬁfNEluﬂ

£

g a 1 1 o 1 1 a 1 .
‘Vi”IﬂLGIfi’JL‘Wﬂ\iﬁﬂ1ﬂ313JﬂTNil1LW”IgngT\i‘UﬁJ@ﬂ’Nﬁﬁ”liﬂizﬂﬂU@zTi‘JJW]ﬂ’E)Q?J"Iﬂ (Diesel fuels

. . o q ¥a LY} ' J o A A
Technical Review, 2007) 1/]11‘”“161mim”lllmeJ‘iJllua‘iJ‘Uuim ﬂ\igﬂm 4.16 Lngﬂ‘ﬂ 4.17 UaeN

! ! o g a a o % {
ﬂ1ﬂ’N3Jﬂ’N%1LW1$%6QL%@!W§Q%’JQT‘W1NIﬂiﬂuﬁ%u‘ﬁ@mﬁﬂu 15.6 93A s Is e

U

! ! ' ! ! o &' a %’ %
iﬂﬂgﬂﬁ 4.16 Llﬁggﬂﬁ 4.17 WUNAINNUDNTUNIZYDUTDLNAITIN NN U 1Y

o 9 S A Y any a v o = U ) U %’ v A
swnmwa@mmﬂuimamw Nﬂ"l‘ﬂ’)"lllﬂ’N’iﬂLW1$3J1ﬂﬂ’J”IiJ”IG]i@"IMU”I?JHﬂL“BﬁG]”I?J‘]Ji%ﬂ"lﬁ

a [ < 1 1 o &l a A ov o 1 ]
ﬂiﬂﬁiﬂﬂwaﬂﬁ"lumﬂﬁ}i’)ﬂ Tﬂﬂﬂ"lﬂ'JTJJﬂ'N%1LW1$%@QL%@LW§Q%?5’ITWll?JTﬂii’)llaﬂﬂ! ﬁﬂ?’t’)fﬁl

52417149 0.865-0.900



0.94 ~

0.92

0.90 ~

0.88 +
Standard
diesel = 0.87

0.86 ~

Specific gravity

0.84

0.82 ~

0.80

1:10 1:20
S.C

2222 Span 80 : Dehydol LS 1TH=0.4:06
@l Span 80: Dehydol LS 1TH =0.7:0.3
E=ER Span 80 : Dehydol LS 7TH =0.4:06
EE==3 Span 80 : Dehydol LS7TH =0.7: 0.3

d' J J o 3 a A a o L4
gﬂ‘ﬂ 4.16 ﬂ"lﬂ’J"Illﬂ’N‘l]”l!‘W"I%sUi’NLGIf’E)LWﬁQ“]f’Jﬂ1W13JI?’1563JE’I°HU1H5$‘]J‘]J Span 80

0.94 ~
0.92 4
> 0.90 1
o 0.88 H =
2 = = Standard
‘c e = diesel = 0.87
2 086 & £
%) = b
g ¥
0.84 o ¥
g ¥
= =
082 i §
= =
o g
Hd
0.80 b piLei
1:10 1:30
S:C
EXXE] Tween 80 : Dehydol LS1TH=04:06
"] Tween 80 : Dehydol LS 1TH =0.7 : 0.3
E=== Tween 80 : Dehydol LS7TH =04 :0.6
ETTd Tween 80 : Dehydol LS 7TH =0.7 : 0.3

H 1 1 o g a a o U
317 4.17 anuandumnzveusomasdinin luTasdiiadsuluszuy Tween 80
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v ] Y
910317 4.16 1ioan15u1209 Dehydol LS 1 TH ATAIINAINTUNIZYDUTOINA
= =) Y A da! 1 d‘ a 1 1 o
FININHUU TUIANUY uatioaalIu1a¥09 Dehydol LS 7 TH A1A21HDI9T LWIZ VDY
Ay a A =~ 9 A =Y 1 =K a (] 1
Womasranniuul Iduaaad tazmsnasunlastsuaaisiduaausadan lidanane
Y
AANNDNT UMV AUFDINAIFININUINID
91n31UN 4.17 Noas1d2u S:C Ao 1:10 tloanlSu1UUDI Dehydol LS 7 TH A
' o g a A = 9 d' [ 1 A d’ A
ANNDITUNIZVDUFINAIFINNUUU2 U NaAad NOAT1aIU S:C Ao 1:30 WivanlTua
' ' ° X a a ~ y A 2 A
Y99 Dehydol LS 1 TH A1AIHAIITUNIEVOUFDINAITINTNT U THIW LAY uaiilo
= 1 1 o g =)
aal3u121U99 Dehydol LS 7 TH A1AINH M v0 ¥ 0inadxininiuui Ifuanas
FUIABINUTTVY Span 80 LHBI1AAIAND NI UNIZHYTHARUA VANV HUILUUYBIET
F9AITNHUIUUVDI Dehydol LS 1 TH < Dehydol LS 3 TH < Dehydol LS 7 TH & 4Ha 14

A A ' ' ° X a a =2 A D]
!Nﬂlwuﬂ%'ﬂ']msu@q Dehydol LS7TH ﬂ’]ﬂ’J']llﬂ'JQ%1LW13%@\“%@!7%1\1%’35“7‘]ﬂqullujjuuaﬂaq

4.6  9anlul (Flash point)
] Y] J o ¥ a 1

990 Il duusnUNI35211e (Volatility) Yo 913010 a919D0NDINITIZINENATY
I 1 a v [ 1 a a 4 4
Wulewnwenazgnaa lila Fsganuldluldinalasassaelszaniomluniocoud

[ 9 v v Ao 3 o dy a A dy a A

uarelusumstesnusafdelumanusnuuremas®inin yanuldveaFemasdinn
TuTnsdaiadu damsan 4.1

v A

dal a = a o =}
i]mm'h\lmmmmawaﬂm"lﬂﬂmna%unmagmﬂﬁzmm 18-23 DA AT e
v o )
nait 18IndiAeasunansinpusom AT minan ldant il dudaesi iy Inssiadu
I 1 ] =
fithlonuea 99% ludiulsyney wmwﬁﬂmm”lvd‘ﬁ 15 oA g ea (Noulkamol, 2013)
Lﬁm@ummmmuaamwaiwi]mm“lweummmwmmmw"l,uiﬂiaumsunmmmn
A a = g a

WiofinnsananaTed 4.1 Wi oS anaved 1-Octanol yanu IlveuFomas
= Aav v A 9 é} A = I Y
Fanw lu Tasodasuliuua Tdugedu 1189910 1-Octanol Hanuamnsalumsszmeaiiule’ld

Y
08 (Amar Deep at al., 2014) 1% a1y lWiin1getiu



li' tﬂy a A a o U
MTNN 4.1 ﬂqﬂ’)'mvh"lsllBQL%@LWQQ%’JﬂWWVlNIﬂ‘iBN’Q‘FM
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AM30AU3IAIEI (S1:52) S:C ganulil (o)
Span 80:Dehydol LS 1 TH = 0.4:0.6 1:10 20
1:20 20
1:30 23
Span 80:Dehydol LS 1 TH =0.7:0.3 1:10 -
1:20 21
1:30 23
Span 80:Dehydol LS 7 TH = 0.4:0.6 1:10 -
1:20 -
1:30 21
Span 80:Dehydol LS 7 TH = 0.7:0.3 1:10 -
1:20 20
1:30 23
Tween 80:Dehydol LS 1 TH = 0.4:0.6 1:10 18
1:20 19
1:30 21
Tween 80:Dehydol LS 1 TH = 0.7:0.3 1:10 20
1:20 18
1:30 23
Tween 80:Dehydol LS 7 TH = 0.4:0.6 1:10 -
1:20 -
1:30 23
Tween 80:Dehydol LS 7 TH =0.7:0.3 1:10 -
1:20 22
1:30 20
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4.7 @mju (Cloud point)

1 =

4 1
99U Ap auliAve UFDINAINLNUONDIgNY
2]

¢ (Diesel fuels Technical Review, 2007) Tasluau

Q:: A A o tg a 9
UAN wmmmmwmwaﬂﬂiwm

q
o dy Y o a dy a
ﬂilullﬂﬂ1ﬂ13@1@@&114@%"11@%‘]5@&1"1@1\1

9 v
FInmas azfuNnany Uz Vo UFRINAITINNAGUUYI 20, 25 1Az 15 peFITAIFoa WU
=) = =)

H 4 v
Ngungil 25 sermuaaiFod iroinasiInmynatedalianyus la lumansyguiin gyl

£ £

¥ '
20 @Qﬁﬂ“]fm@ﬂﬁ L%ﬂlWﬁQ%’JﬂWWLﬂﬂﬂTﬁguN’J Elﬂl,’?]}uﬂijNG]’J@ElN‘VIlIﬁ’ﬁﬁﬂlLNﬁﬂW’) Tween 80
I U @ 1 A ® A oA = 9 A a 1 @
HJ‘LJZ‘T’J‘HW?(M IQEJG]’JEJEJNVIMﬁﬁﬁ@]LLiWNW’Jﬁluﬂf,jil‘ﬂ 2 (S2) wn mmﬂunmmﬂﬂmﬁ;um

"9 d‘ =3 [ dy a A
WEUUDY S2 0g1dY Lllf]!,lﬁiEJ‘]JWIEJ‘]Jﬂ’UL“]fE]LWﬁQG]f’JﬂWW

C2

U
a o Y J a J &’ a A
lliJIﬂi@hﬁ%u‘ﬂﬂﬂ@%iﬂuWNuﬂiﬁﬂ (MINT ﬁiij%W@,ZSSﬂ‘W‘]J’N LEDLIWAITINTN
a o % 1 1 x ?,’ @ o ] é 1 %,I @ 4
luTasddaguaininiusidiafigagugend Faduiusidnnigagudininiiulian
Y Y

3o asdinimainiiusidnaligegugeerniioswinin msaaguugiidinald

9
Usz@nianvesarsaauseaadrlussuunauanad (S. Ajith, 1995) HINLFBINAITININ]

] o a '

Y dﬁl a A A Y a o A o ] <
AYUT %3“I/HGL‘I’TLGH’E]LWaﬁlﬂﬂllﬂlﬂqmﬁﬂuﬁﬂﬁﬂNaslﬁLﬂﬂﬂ?i@ﬂ@‘l&ﬂWﬂﬂlumiﬂﬁﬂuﬂ @EJN]lSﬂ

q Q L1 U U

@]”IMQEHWQNm’dﬂ“ll@ﬁﬂﬁgmﬁllﬂﬂm@ﬂ W.A. 2561 8YN 27.5 DIAUGAUFYT ANUUIYDINAIFTININ

v
=S | =

Y v
Uligauiguugigeigane 25 osnwaidod 39 line liinadynrlunisui 1l 140w

q q

HANINAQDIULETAIAIAITIN 4.2

d‘ ) dy Aa A a o U
137190 4.2 @ﬂﬂ;umaqwagwawamw”lﬂmaua%u

. 4 Qautigil
A19aALIININTI (S1:S2) S:C N A N
25°C 20°C 15°C

Span 80 : Dehydol LS 1 TH=0.4:0.6 1:10 y / /
1:20 X / /

1:30 X / /

Span 80 : Dehydol LS 1 TH=10.7:0.3 1:10 - - -
1:20 X / /

1:30 X / /

Span 80 : Dehydol LS 7 TH=10.4: 0.6 1:10 - - -
1:20 - - -

1:30 X / /
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ti' ' g a A a v o J
M1TNN 4.2 ﬂﬂﬂguﬂl@il“ﬁ@tWﬁﬂ%’)ﬂWWllﬁJTﬂiﬁlllﬁalfu (99)

< Qautigil
A1TAANIIAINTI (S1:S2) S:C . . .
25°C 20C 15°C

Span 80:Dehydol LS 7 TH = 0.7:0.3 1:10 - - -
1:20 X / /

1:30 X / /

Tween 80:Dehydol LS 1 TH = 0.4:0.6 1:10 X X /
1:20 X X /

1:30 X X /

Tween 80:Dehydol LS 1 TH = 0.7:0.3 1:10 X / /
1:20 X /

1:30 X / /

Tween 80:Dehydol LS 7 TH = 0.4:0.6 1:10 - - -
1:20 - - -

1:30 X X /

Tween 80:Dehydol LS 7 TH =0.7:0.3 1:10 - - -
1:20 X / /

1:30 X / /

WL X Mot @13 inaauuin

/" Mg asinennuu

4.8 igﬂ“l?‘iam (Pour point)

e

a

X4 b 4 4 ,
0 Inamveusoinds fie guugidrnganironacazisuriga lva (Diesel fuels

a X a

Technical Review, 2007) ‘ﬁ?ﬂ"l'i‘1/]ﬂa’EJ\‘lTﬂ‘LlﬂTiaﬂQiu‘]’iQNﬂlﬂQL‘BGLWﬂQ%’JﬂTWﬁI’JBEﬁQaQ
a =

LY v g a { 1 &} a
uaz1Juﬁﬂaﬂymmmwmwm‘ﬁqmmu 0, -10 Hag -15 s aLFIT WU FOINAITININ

Y

NA19819a N30 i 14 1unnB19gurgINiIn1sNaAaed 11NNIATFIUAUTAVS

o

7
%’ = a o %’ v A =~ Y 1
U1 uﬂl“h’ﬁﬁWNﬂi%ﬂWﬁﬂiM‘l}iﬂ%Wﬁﬁﬂu N.f. 2556 umummaﬂ’;‘im;ﬂ"lwamuaﬂﬂ’n 10

9
v AKX ]

= o & dy a A a o Y 4
DA T ALY ﬂ\1L!u!"]f’t']!Wﬂ\‘1G]nﬂ'IWUI,NIﬂiﬁ)iJaG]fuui]\iﬁnJ'liﬂu hl‘]JGl“]f\ﬂuhlﬂ i;ﬂ”lwaméum

dy a A a v U QJ d‘
L“]f’E)LW'ﬁQGH'JﬂWW”bJIﬂi’E)iJa%u ANAITINN 4.3



l:' lﬁy a A a v U
AT NN 4.3 ﬂqﬂl‘lﬁam‘UENLG]f’E]LWﬁ\i“lf’Jﬂ']WUlllIﬂ‘if)iJa‘lfu
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150AUSINAN (S1:S2)

S:C

oD
2
=

e
b))

0C

-10 C

-15°C

Span 80:Dehydol LS 1 TH = 0.4:0.6

1:10

1:20

1:30

~ [~ |~

~ [~ [~

~ [~ [~

Span 80:Dehydol LS 1 TH = 0.7:0.3

1:20

1:30

Span 80:Dehydol LS 7 TH = 0.4:0.6

1:10

1:20

1:30

Span 80:Dehydol LS 7 TH = 0.7:0.3

1:20

1:30

Tween 80:Dehydol LS 1 TH = 0.4:0.6

1:20

1:30

Tween 80:Dehydol LS 1 TH =0.7:0.3

1:10

1:20

1:30

~ T~ T~ | |~ |~ |~ [~

~ [~ ™~ | | | | |~

~ [~ ™~ | | | | |~

Tween 80:Dehydol LS 7 TH = 0.4:0.6

1:20

1:30

Tween 80:Dehydol LS 7 TH = 0.7:0.3

1:10

1:20

1:30

= 1 9
WL X ¥ene a1 lueuse lvam1d

/  wwens msansa lvamld
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49  mMANUSoUYBIND (Higher heating value)

annuiouvouromasdininlylnsdiatuiin1ogizning 34.3502-38.2634 Ml/kg

@

%’ = =l 9 = Li’ a A Aav o A 9 o '
HINUAFANAININNITOUBYN 42.5360 MlJ/kg wmwmmmw"lﬂﬂiawawummmmumﬂm
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o a ad 1 Yy 9

H J
umuama GluﬂNﬂt]Hg]L%ﬂLWﬁﬂﬂiJﬁ’Juﬂigﬂf]“]J"ll’ENﬂﬁ‘U’éluﬂﬂﬂ %zﬁwaiwmmmaau

@

dy a % 1 dy a A a v =
LERLNAIG (PTLNTNNANU, 2562) Lmiul‘]ﬁﬂlWﬁﬂ%”JﬂWWl’lNIﬂiﬂi]ﬁ‘]fui]ﬁ’)uﬂﬁll"llﬂﬁ

T o Yy 9 ° 1 %’ v A A = o
PN1usa o l-Octanol’EJQ‘VIWGIJH1Jﬂ1ﬂ’311|if]u§nﬂ’ﬂu1lluﬂlcﬁﬁ LL@%L&J@HJ%EJ’UW]EJUWU

v o 9 = 1 Y

4 a { A g @ 4 v ¥ a %l
L%@LW@Q%?ﬂTWﬁNﬁﬁﬂ'lﬂu'lﬂuﬂﬂﬂll WU?W!%@!WQQ%?J‘HWiﬂﬂunJuiWﬂJ'l')llﬂ'lﬂ'Nlli@u

¥

dy a Y 2 o dy a A %’ @ 4 1 9 A a A
wmwaﬂﬂammﬂuwmwmmmwmﬂumuﬂmm I@ElﬂW]’JHJi@uﬂl@i!%ﬂlWﬁﬂ%’Jﬂ1Wiﬂﬂ

1aueEn 36.6-39.6 M/ke (H925591 81UATAAR, 2556)

U

50

45 -

Diesel

40 -

35 A

30 -

Higher heating value (MJ/kg)

25 1

20 T
1:10 1:20 1:30

S:C

I Span 80 : Dehydol LS1TH=04:0.6
[—J Span 80 : Dehydol LS1TH=0.7:0.3
I Span 80 : Dehydol LS7TH =0.4: 0.6
[ Span 80 : Dehydol LS7 TH =0.7: 0.3

d' 1 9 g a j} a A Aa v W
gﬂ‘ﬂ 4.18 mmmsauwaLwawmwamawamw”lﬂﬂiamﬂm‘lmwu Span 80
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50

45 -

Diesel

40

35

30 -

Higher heating value (MJ/kg)

25 A

20

1:10 1:20 1:30
S:C

I Tween 80 : Dehydol LS1TH =04:0.6
[ Tween 80 : Dehydol LS 1 TH =0.7: 0.3
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Axa (Alireza et al., 2013)
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Microemulsion-Based Biofuels from Rice Bran Oil
and Ethanol: Production and Fuel Properties

Sakonwan PHOEMBOON' and Atthaphon MANEEDAENG""

Abstract

Due to environmental concerns and current fossil fuel situations, liquid biofuels have been increasingly explored and
vegetable oils are the option of choice. Apart from their renewability and biodegradability, they have high oxygen but
have no sulfur and aromatics, which is the main advantage of better fuel quality over the fossil fuel. However, the
limitations of their use are the operation problems from low volatility and high viscosity of vegetable oil. The viscosity
of vegetable oils can be reduced by a numberof ways. However, microemulsion-based biofuel is an effectivealternative
energy which produced by using natural substances. This study aims to investigate the new microemulsion of rice bran
oil and ethanol as main constituents emulsified by Tween 80 and Span S0 together with co-emulsifier of 1-Octanol, at
different molar ratios of 1:5, 1:10, 1:20, and 1:30. Ternary phase diagrams of rice branoil, ethanol, and emulsifier/co-
emulsifier revealed that Span 80 exhibits an excellent emulsification as single phase microemulsion region is larger
than obtained from Tween 80. This is due to the lower Hydrophilic-Lipophilic Balance (HLB) of Span 80 thus, it can
greatly emulsify when a large amount of 0il present in the mixture. In addition, 1-Octanol assisted and is capable
working with both Tween 80 and Span 80. The increase in amount of 1-Octanol significant increases the single phase
microemulsion region. In an aspect of fuel properties, the kinematic viscosity, higher heating value, and emission test
of microemulsion-based biofuels were investigated in this work. It can be observed that the high amount of emulsifier,
the higher viscosity obtained while higher ethanol amount could decrease the kinematic viscosity. The higher 1-
Octanol and rice bran oil content resulted in larger value of higher heating value. The higher heating values increases
with increasing molar ratios of emulsifier to co-emulsifier. The emission test revealed that NOx release is less than of
commercial diesel while HC and COare relatively higher.

Keywords: Biofuel, Microemulsion, Rice bran oil, Surfactant

1. INTRODUCTION

Most of the current energy and fuel are deried from the natural resources. As the energy depletion is
concerned, it makes the world aware of new energy alternatives to replace the natural fuels that are gradually
run out. The ways to finding renewable energy have been of interestis to develop of biofuels which are energy
derived from plants or animals i.e. oil from animal fat, oil from various plants such as oil, palm oil, oil, rice,
oil, sunflower ete [1].

In Southeast Asia, palm oil is another source of energy that is of interest in the production of biofuels.
However, due to the desire to find alternative energy sources or alternative energy, palm oil is popular in the
production of biofuels that maked palm oil has been very much needed and more expensive [2]. In 2011 —
2016, research was carried out to find other sources of biofuel, and rice bran oil may be an interesting alternative
for Thailand [3] since Thailand is able to produce 31 million tons of paddy per a year. Most of the rice produced
is processed and then consumed domestically or exported. But, rice price is expected to grow slowly [4]. With
the ability to produce rice if the paddy is extracted into rice bran oil, it will be another way to increase rice
value. However, if rice bran oil is used directly in the engine may cause problems with the engine due to its
high viscosity, low evaporation, and become a wax when the temperature drops.Hence, it is important to
improve the fuel properties of rice bran oil before use. There are four methods to lower the vegetable oil
viscosity and improve fuel properties: 1. Mixed vegetable oil with diesel; 2. Pyrolysis; 3. Transesterification
reaction and 4. Microemulsion.

!*Corresponding author: School of Chemical Engineering, Suranaree University of Technology, Nakhon Ratchasima 30000
Thailand atthaphon@sut.ac.th
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Even the most popular method of biofuel production is transesterification reaction, however, the
transesterification will produce glycerin as a by-product. The separation of glycerin from biofuels is further
required which is a difficult and costly processes. Hence, the production of biofuels by microemulsion has
received attention. Because there is no chemical reaction, no more glycerin and this method reduces the cost of
biofuel purification. Microemulsion is a mixture of two insoluble liquids that can be homogeneous by the use
of emulsifier which is surfactants together with co-surfactant which is a short hydrocarbon chain alcohol.
Surfactant and co-surfactant will cause very small size of colloidal particles (ranged in 10-100 nm). The mixture
will become homogeneous and transperent.

In this research, the biofuels from rice oil and ethanol by microemulsion was investigated using different
nonionic surfactants (Tween 80 and Span 80) and co-surfactant (1-Octanol). The microemulsion phase behavior
was examined from ternary phase diagram. The fuel properties of biofuel was studied through the kinematic
viscosity, higher heating value, and emission test.

2. MATERIAL AND METHODS

2.1. Material

The materials used for biofuel production were: Rice bran oil (commercial food grade) and absolute
ethanol 99.8% (ACS reagent grade) from Carlo Alba. Surfactants used are Span 80 (Sorbitane monooleate)
from Sigma Aldrich and Tween 80 (Polyoxyethylene (20) sorbitan monooleate) from Acros Organics. Co-
surfactant used is 1-Octanol 99.0% from Apex Chemical Co., Ltd.

The research focused to use the individual surfactant with different molar ratios of surfactant (S) to co-
surfactant (C) of 1:5, 1:10, 1:20, and 1:30. The solubilization of S/C was found to completely dissolve in each
other in all molar ratios.

2.2. Construction of ternary phase diagram of biofuel

The 5-mL Microemulsion biofuel was prepared with different compositions of three components of
S/C, rice bran oil, and ethanol by v/v basis. Biofuel was formulated in 36 different formlars according to the
composition points in ternary phase diagram. Then, All of 36 test tubes were added in the constant-temperature
sharking water bath at 40 °C for 72 hr to allow the mixtures reach equilibrium. Monitoring the phase behavior
(single or separate phase) in every 12 hruntil 72 hr, and then the ternary phase diagrams were obtained.

2.3. Investigation of fuel properties of biofuel

After the ternary phase diagram was constructed, some microemulsion-based biofuel samples were
collected to measure kinematic viscosity and higher heat value as seen in Figure 1 to investigate the effect of
S/C ratios, types and amount of surfactant, types of microemulsion (water in oil, w/o and oil in water, o/w).

| ¥ & *.@ % Ethanol
bran oil

Figute 1. Selected points to sampling for further analysis on Temary phase diagram
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2.4. Analysis of exhaust gases from a diesel engine

The samples from ternary phase diagram were chose to investigate the exhaust gas from the combustion
in a single cylinder diesel engine. The ternary composition at the point number 3 in Figure 1 in Tween 80 and
Span 80 with 1-Octanol at molar ratios of 1:10 and 1:30 were used for this analysis. The microemulsion-based
biofuel combusted in a single cylinder engine (Fuel analyzer TESTO 350 at ambient temperature of 27 °C)
produced the exhaust gases of CO, CO2 and NOx together with the exhaust temperature and amount of HC
residue.

3. RESULTS AND DISCUSSION
3.1. Microemulsion phase behavior

3.1.1. Effect of surfactants and co-surfactant

Tween 80

Ternary phase diagrams of microemulsion-based biofuels using Tween 80 with varing S/C molar
ratios of 1:5, 1:10, 1:20, and 1:30 were observed in Figure 2. The single phase region (the areas of shaded
region) in all four various systems are larger than their separate phase region where two or three phases were
observed. The increase amount of 1-Octanol promotes solubilization of rice bran oil and ethanol and thus,
single phase microemulsion increases as seen in Figure 2 (a) — (d). In addition, as observed in Figure 2. (a).
when S/C molar ratio is 1:5, the ability of Tween 80 itself could not solubilize to homogeneous mixtures when
rice bran oil is the main composition with less S/C amount, the separate phase areas in lower left edge in ternary
phase diagram is relatively large. This is due to the hydrophilic- lipophilic molecular structure in Tween 80
(HLB = 15.0) which indicates that Tween 80 favors to solubilize in polar phase (ethanol). However, when the
molar concentration of 1- Octanol increased, the HLB of Tween 80 decreased and thus, it promoted
solubilization of rice bran oil and ethanol, and can be seen in Figure 2. (¢) — (d) that the separate phase areas in
lower left edge in ternary phase diagram become smaller and smaller. The promotion effects of 1-Octanol on
ternary phase diagram of microemulsion-based biofuels are in good agreement with previous researches [5]

S:C
S:C .
@ 3 )
[ ]
RicP L e Rice IR o TETYL Ethanol
bran of bran oil Tween 80.0ctanol - 1:10
S.C S:C
(© )
Rice [ 5 Y " Ethanol Rlccr oAy " o a+ cs w o Ethanol
bran oil bran ol .
Tween 80:Octanol - 1:20 Tween 80:Octanol - 1:30

Figure 2. Ternary phase diagrams of microemulsion-based biofuelsusing Tween 80 with S,C molar ratios of
@ 1:5, (b 1:10, (¢ 1:20, and (d) 1:30
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Span 80

Ternary phase diagrams of microemulsion-based biofuels using Span 80 with varing S/C molar ratios
of 1:5, 1:10, 1:20, and 1:30 were observed in Figure 3. The single phase region (the areas of shaded region) in
all four various systems are larger than their separate phase region as similarly seen in Tween 80 systems in
Figure 2. However, the increase amount of 1-Octanol slightly assists to promote solubilization of rice bran oil
and ethanol and thus, single phase microemulsion slightly increases as seen in Figure 3 (a) — (d). This is because
of Span 80 capability to solubilize in rich- oil mixture by itself (HLB = 4.3) thus, the increase molar
concentration of 1-Octanol is slightly significant. This indicates that Span 80 is more capable to produce
microemulsion-based biofuels with slightly amount of 1-Octanol co-assistance.

s:C S.C
- b)
Rice ' mCE B Ethanol  pice “ Ethanol
bran oil Span 80.0ctanol - 1.5 bran oil Span 80.Octanol - 1.10
S:C s:C
© «
Rice bl VTR ppanet  Rice e el AT LA +  * Ethanol
bran oil Span 80.0ctanol - 1.20 bran oil Span 80.Octanol - 1.30

Figure 3. Ternary phase diagrams of microemulsion-based biofuelsusing Span 80 with S.C molar ratios of

@]1:5, b 1:10, (¢ 1:20, and (d) 1:30

3.2. Kinematic viscosity of microemulsion-based biofuels

3.2.1. Effect of surfactant and co-surfactant on kinematic viscosity

The kinematic viscosity of biofuels for selected systems from Figure 2-3 (point no. 1-3) with
varying molar concentration of 1-Octanol and different types of surfactant are shown in Figure 4 (a) Tween 80
and (b) Span 80, respectively. It can be observed that the kinematic viscosity of microemulsion-based biofuels
using both Tween 80 and Span 80 decreased as 1-Octanol molar concentration increased. This is because 1-
Octanol has a lower viscosity compared to the used surfactant viscosity. Considering the kinematic viscosity in
either Figure 2. (a) or (b) as v/v percent of S/C varied, the results showed that the kinematic viscosity increased
with percent v/v of S/C increased. When the v/v percent of S/C increased, it means the amount of Tween 80 or
Span 80 increased and thus, the influence of surfactant viscosity resulted in higher viscosity values. The
standard of commercial biofuel ( produced from transesterification method) and commercial diesel are
approximately 8.0 and 4.0 cSt, respectively [ 6]. As can be seen in Figure 4.(b), the kinematic viscosity of
biofuels from Span 80 systems are relatively close to the standard of commercial biofuel value while
thekinematic viscosity of biofuels from Tween 80 systems could be tuned to be close to the standard value
when the molar concentration of 1-Octanol increased.
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Figure 4. The kinematic viscosity of biofuels for selected systems from Figure 2-3 (point no. 1-3)with varying molar
concentration of 1-Octanol and different types of surfactant @) Tween 80 and (b) Span 80. The red and yellow lines
indicate the standard valie of commercial biodiesel from transesterification and diesel, respectively

3.2.2. Effect of w/o and o/w on kinematic viscosity

The kinematic viscosity of biofuels for selected systems from Figure 2-3 (point no. 4 (w/0) and 5
(o/w)) with varying molar concentration of 1-Octanol and different types of surfactant (a) Tween 80 and (b)
Span 80 is shown in Figure 5. For the prepared biofuels with o/w microemulsion type in both Tween 80 and
Span 80 systems, the kinematic viscosity were observed to be similarly and no significant difference because
the amount of ethanol is more influent on the viscosity value of the mixtures. The kinematic viscosities of
biofuels with w/ o microemulsion type were observed to be very higher than the biofuels with o/ w
microemulsion type because of the existence of rice bran oil as a rich phase which has high viscosity. As can
be seen in Figure 5. (a), the kinematic viscosity of microemsulion-based biofuels with w/o microemulsion of
S/C molar ratio at 1:5 in Tween 80 system does not show up since this point appears two separate phases from
lack of enough 1-Octanol.
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Figure 5. The kinematic viscosity of biofuels for selected systems from Figure 2-3 pointno. 4(w:0)and 5 (ow) with
varying molar concentration of 1-Octanol and different types of surfactant (a) Tween 80 and (by Span 80

3.3. Higher heating value

3.3.1. Effect of surfactant and co-surfactant

The higher heating value of biofuels for selected systems from Figure 2 (at point no. 1-3) using Tween
80 at different molar concentration of 1-Octanol of 1:5 and 1:10 with varying S/C volume percent are shown
in Figure 6. It can be seen that the more amount of 1-Octanol in the biofuels, the larger higher heating value
obtained. It is due to 1-Octanol has a large value of higher heating value. In addition, when the amount of
Tween 80 increased, it resulted in the larger values of higher heating value of biofuels due to there are so many
hydrocarbon molecules in Tween 80 structure to combust in the oxidation reaction. The higher heating value
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of commercial biofuel (produced from transesterification method) and commercial diesel are approximately
37.24 MJ/kg and 44.80 MJ/kg, respectively [7].

ul:s
wli:l0

Higher heating value (MJ/kg)

40% viv SIC 60% viv S/C 80% viv S/IC

Figute 6. The higher heating value of biofuels for selected systems from Figure 2 (at point no. 1-3) using
Tween 80 at different molar concentration of 1-Octanol of 1:5 and 1:10 with varying S/C volume percent

3.4. Emission test

The experimental results from emission test for exhaust gas temperature, unburn hydrocarbon (HC),
carbon dioxide (CO2), carbon monoxide (CO) and nitrogen oxides (NOx) are shown in Figure 7-11,
respectively. The ternary composition at the point number 3 in Figure 1 in Tween 80 and Span 80 with 1-
Octanol at molar ratios of 1:10 and 1:30 were used for this analysis with two different load of 25 and 50 N-m.
From Figure 7.(a) and (b) the exhaust temperatures resulted from biofuel combustion in a single cylinder diesel
engine for both Tween 80 and Span 80 systems were similarly which indicated that the change in molar ratio
of S/ C were slightly significant. The main reason for exhaust temperature difference could be due to the load
apply. Considering the amount of unburm hydrocarbons of biofuels from Tween 80 and Span 80 systems in
Figure 8.(a) and (b), the amount of unburn hydrocarbons from the prepared biofuels remained higher than those
of commercial diesel, which is a result from incomplete oxidation reaction due to amount of triglyceride in rice
bran oil.

In Figure 8.(a), the molar ratio difference resulted in not so different unburn hydrocarbon remain while
the significant difference in unbumn hydrocarbon amount were observed in biofuels from Span 80 systems at
both different load apply. It indicates that the increase in the molar concentration of 1-Octanol in biofuels when
using Span 80 as emulsifier, it shall result in incomplete oxidation reaction in the combustion champer in diesel
engine. This problem could be solved by further addtion of oxygen compounds (i.e. ethanol) to the mixtures.
Considering Figure 9. (a) and (b), it can be observed that the prepared biofuels from both Tween 80 and Span
80 systems have similar results in CO: release comparable to commercial diesel. This can be due to the amount
of free fatty acid content (as single chain hydrocarbons) while the HC remained much higher because of
triglyceride with in good agreement in the further supporting experimental data of higher amount of CO release
in the exhaust gases as seen in Figure 10.(a) and (b).
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Figure 7. The exhaust gas temperature of prepared biofuels with different load @) Tween 80 and (b) Span 80
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Figure 8. The amount of unbum hydrocatbon of biofuels with different load apply from (a) Tween 80 and (b) Span 80
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Figure 9. The amount of CO telease of biofuels with different load apply from @ Tween 80 and (b) Span 80
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Figure 10. The amount of CO release of biofuels with different load apply from (a Tween 80 and (b Span 80
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Figure 11. The amount of NOx release of biofuels with different load apply from (a) Tween 80 and (b) Span 80

Due to the co-existence of oxygen compounds (ethanol and 1-Octanol) in the prepared biofuels, the
experimental data revealed that the amount of NOx release from the engine was relatively lower than from
commercial diesel fuel as can be seen in Figure 11.(a) and (b). In addition, the increase in S/C molar ratio
resulted in not very signicant in NOX release while the higher load apply resulted in higher NOx release. Overall
of the emission analysis results of the prepared biofuels from both Tween 80 and Span 80 systems revealed
lower NOx generation together with higher HC, CO: and CO amounts from the prepared biofuels. The
experimental results are similar to previous researches of biofuels containing vegetable oils [8], [9], [10] and
[11].

4. CONCLUSIONS

Tween80 and Span80 have potential to emulsify rice bran oil and ethanol to form the single phase
microemulsion of biofuels. The kinematic viscosity decreased with increasing ethanol and it could be higher
with increasing Tween 80 or Span 80 amount. The higher 1-Octanol and rice bran oil content resulted in larger
value of higher heating value. The higher heating values increased with increasing molar ratios of surfactant to
co-surfactant. The emission test revealed that NOx release from biofuels is less than of commercial diesel while
HC and CO are relatively higher due to incomplete combustion because of triglyceride in rice bran oil.
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