nsUsuUpsandinislvarioamgisvesiulefwaaniifuiiaumelelginsiiaeanesves

Y

1% '
o w v a

Wiupenmuny Tunivyueanend

WNEINUATIUN Taufnaguia

unAngauasuitudoyaatuiinveineinusaauntnsfing 2554 Aliusnisluadetdyaig (CUIR)
\uuitudoyavestidndwoivendnus Ndsnunadudningidy
The abstract and full text of theses from the academic year 2011 in Chulalongkormn University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the University Graduate School.

¥z ] =

Wendnusiludiumilawamsfinnauvanga sy ingrmansumdndie
annyUleseiilazingimansnediues
ANEINEIAENS PBINTAINN NS

Un1sfinwn 2558

SvaAvEveIIANIAlNMINSY



IMPROVING COLD FLOW PROPERTIES OF PALM BIODIESEL BY ISOPROPYL ESTER OF
SUNFLOWER OIL CONTAINING ALKOXY GROUPS

Miss Kanoknun Vathanasakpubal

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Petrochemistry and Polymer Science
Faculty of Science
Chulalongkorn University
Academic Year 2015

Copyright of Chulalongkorn University



PUDINGIANUS n1sUfulssaudanisivanaamgidiveslulediva
nidulrdumglalalnsialeamesvesindunen
U Ao | =
MR IUNIVYkoaANT
oy wsannuniud Jaudnaguia
A1973%90 UYlpsiaiinazIneneanswodiuas

9159NUT N INeDnusudn  s09ANER$19158 as.aula wieaUTn

'
| =

AZINENAENT PIaINIalININendy sulRliiuInednusatuiiludiunil

VBINMIANINUENGATUTRY Y1 Ui

AMUAAMLINYANENT

(F09ANERTIDITE AT WANGYAL WAIINT)

ARIZNTIUNTADUINGTNUS
Us¥51UNIIUNIT

a2 a a s (Y
2191589NUINWNINYIUNUTHRN

N3IUNIT

NITUNITANYUDNUNIINYIAE



nuntuvt JadnAnguia | msUuusandinisivaiigumnfidivedlulefisan
iffutdudaglelelnsfiaeameivostinfunonniung fufiivyuoanand
(IMPROVING COLD FLOW PROPERTIES OF PALM BIODIESEL BY ISOPROPYL
ESTER OF SUNFLOWER OIL CONTAINING ALKOXY GROUPS) 8. fiusnun

Ineninusuan: se. as.aula wausw, 73 v,

nfanngvInuITeatuilfe duasisiansduuiisaiiainlelginsiiapamas

3 o @ A ) wa ~ a o a ) &
vasndiunenung U ieuTuussantinisivaneungiiniveslulofwaanuiduuiay
asiuusamaaiignduasisilagdiuljisemsudieamesiliaty, dnendndy Lavuoa
randiatuliidu woarandlolglnsfiaeanes waziigadiondnvaliewmaiainades
LUNLUANLS L UUD WnansiRuwsandansiziile wuaslululemeaannuiduuiduinaing
WYY 50,000, 100,000, 150,000 wag 200,000 @uluauaiu wisSeuisuusuianisiiy

Auaudanisiranaaumgiiniveslulefiwadniifulidy MNNANITNAGBINUIY aNTLALLAS

naadnduasziuaiunsaanaIgaulazyasuivaveslulefiasinuidulidaule
Fapuevesvyieanandluaisiiuusiimisall dnadeaudinisivanaamgiinives

lulediwavnirdulrdulanenyueanandietty szvilisvevvineseniteluanaiiudu

v
v v =

Aaiudadauanenissaumiiuedduana inlinsiiandnilesunglianmasdululden

]
Y A

dmsuanainuiamaainlinanisusulsaldanan Ae 1-eanvendlelalnsiiaiedines

9

(%
o w

Faanursnanayaguiazyaisuluavaslulefivaainuiiiuuiauain 19.4 esrwaided
< = = < IS o w
D 135 seAieaidea wagan 11.2 esangatdea 1lu 7.0 eagaifiod audiny

WoLRUNANLLTNTY 200,000 duluanuaiu

'
=

a1 Ulesweiwasinendansneawas aneilavafan

UnsAnw 2558 aneileve 0.9USNE AN



# # 5571901023 : MAJOR PETROCHEMISTRY AND POLYMER SCIENCE
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KANOKNUN VATHANASAKPUBAL: IMPROVING COLD FLOW PROPERTIES OF
PALM BIODIESEL BY ISOPROPYL ESTER OF SUNFLOWER OIL CONTAINING
ALKOXY GROUPS. ADVISOR: ASSOC. PROF. SOMCHAI PENGPRECHA, Ph.D., 73

PP-

The aim of this research is to synthesize chemical additives from isopropyl
ester of sunflower oil in order to improve cold flow properties of palm biodiesel. The
chemical additives which were synthesized via transesterification, epoxidation and
alkoxylation are alkoxy isopropyl esters and they were characterized by 'H-NMR
technique. These synthetic additives were added into palm biodiesel at level of 50,000
100,000, 150,000 and 200,000 ppm to compare their effect to cold flow properties.
The results showed that these synthetic additives can reduce cloud point (CP) and
pour point (PP) of palm biodiesel. The length of alkoxy chain is also affected the cold
flow properties of palm biodiesel. Long alkoxy chain makes the distance between
molecules increased resulting in hindering molecular packaging, which unfavors
crystallization when temperature drops. The best synthetic additive is given to
1-Octoxy isopropyl ester, which it decreases cloud point and pour point of palm
biodiesel from 19.4°C to 13.5°C and 11.2°C to 7.0 °C, respectively, when adding

in the amount of 200,000 ppm.

Field of Study: Petrochemistry and Student's Signature

Polymer Science Advisor's Signature
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N19199 3-1 518N158715LAL

RREIGEY LN USEN
1-Insniuea WITAIATIEH Carlo Erba
2-Inswauea (lelalnsniuea) LASAILATIEN Carlo Erba
1-Uauea SAATIEH Carlo Erba
2-UIMuea NSAATIEH Carlo Erba
1-18nY1Uea NSAILATIEN Merck
1-08NM1UD8A WITAIATIEH Merck
i Dl
nsATaIS NIV SAIATIEH Merck
NIALDYFN SAIATIEH Merck
AaslsvasuA NSALDULDNBNS Merck
LAY NSAILATIEN Merck
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loineugaLe WTAIATIEH Merck
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loineunaslsn LSAIATIEH Carlo Erba
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3.2 \Asailauazaunsal

1.1a3esTngaungil 9avu (cloud point) waggaitsulua (pour point) Anua
MUUINTFIU ASTM D 2500 wag ASTM D 97

2. Lﬂ‘%'amé"uizmﬂamt,wmu Buchi Rotary evaporator model R-200

3. \p3eeinAuniln Cannon viscometer model CAV-3

4. wdesfinpdesuuniuinsleuundanlasiines Varian NMR Spectrometer model

Mercury 400MHz
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3.1.3.1 dA5129 1-lwswendlalalnsnalaanes
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3.1.3.5 dA5129 1-anwandlalalnsnaedines

I
Y

JUNBUNNTEUATIZI 1-Lanwandlolalnsiatedawas 19Iswuaeiuiide

3.1.3.1 usikeanagoantifie 1-taneuea wasldnailun1sviuise 3 4alus

3.1.3.6 §91A512Y 1-aannandlalylnsiatoanes
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2 4 IS a 1 Yaa 1 a v
TURBUNTTAUATIET 1-pannendlolalnsialeawnas 1970l duLAeaIny
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v
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wamsﬂ%’uﬂgmﬁ’amilmaﬁqmmﬁﬁﬂuluiaﬁLsziamﬂfwﬁuméu PNNTLANFNTLAUUAIN

GRS RR

3.5 9aauniavaslulefiwaainunduuiauilonauanSLRNWAINILAN
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D 445 @UnNSAIUINAIAINUNLR LaRIRILl

Viscosity = Ct

Viscosity = anunila (uRaland wie cSt)

C = A1ATIYRIREAIAAUNILN (T 1TafUAT/AUNMAEes 138 mm?/s?)
t = narlunsindeuiiveesanluvaeninanuninainasusuludqeduan

Avun U9 138 s)
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4.1 F9AT1ZAEISAULAINIAL
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5UT n-21 'H-NMR aUnadu (CDCL, 400 MH2) w84 1-senvendlelalnsfialeainos (1:5
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1. murudevazvasnislasundasarsasduliilundniue Gaulaunain [26])

1.1 $ovazuninisildsunlasarsassuluidundnsusvas lolalnsiaeamnes

v 4 Y o 2 oo w g 2 X l(‘OCH(CH3>z>
Sovazvoinsasuwlasansaasululundniue) = —— x 100
lecr,co00

a Ly

locr(cryy = ABUNTTUlUTRBUYDS -OCH(CH3)) MUy 4.98 fiTiiow

lacoon = ABUMNTTUlUIABUYDS -CH,COO- isunus 2.32 ANLDL

01 040

«
o
EN
n
FN
=)
w
n
w
o
N
n

2 x0.49

$asaznisilasuniasansassulidundnsusvadolaslnsiaeamas = x 100

1
= 98%



2. ATUIUKA A3 DYAZVDINANAN

2.1 nalpsevazvadlalalnsfiawamnas (IF)

NANAMATIVDY |E

NalRse8azYad IE = x 100

HANAARIUNG YV IE

NANANASIVDY IE = UN1Invad IE AdUASIZIila

HANARAUN T4 IE = Winnvasdunanniunsiu x

66

1 Jwavesindunsnmiuns Tu 3 luaves IE 322
X o X
876.16 1 lwavesndumenymunzdy 1 luaves IE

nalnsesazvadlolalnsiaeawas (IE) = (89.58/110.22) x 100

=81%

2.2 nalpsesazvaidnandlolalnsfiaoamas (EIE)

NANANYS9vD EIE

Nal93a8aLUad EIE = T T
HAKARAUVI W VO EIE

x 100

NANAM39Y0Y EIE = Wndnues EIE Aduasizile

a a gél LY
RNANARFNTNNEG B UB EIE = Wwavunu®y IE x

1 luaves IE 1 luavea EIE 354

X

322 1 luaveq IE

nalnsesazyaIdnandlolalnsfiaamnas (EIF)

=(9.23/11.06) x 100
= 83%

X
1 luaveg EIE
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2.3 nalpnsezazvadnswendlalalnsiaeamnas (PIE)

NANAMA59UD9 PIE

HalAseeazUel PIE = R - x 100
HANBARLVIEUHUe3 PIE

NANANASIVDY PIE = U1ndnvae PIE AFuASIEAlA
HANANNIUNG Y04 PIE = Uniinuaa EIE x

1 luave9 EIE 1 luaves PIE 474

X X
354 1 luave9 EIE 1 luavaa PIE

nalesavazvadlnswondlolalnsnaleamas (PIE) = (2.74/5.44) x 100

= 50%

2.4 nalpsesazued 2-Inswandlalulnsiateamnas (2PIE)

NANARAIIVDY 2PIE

HAlASeEaEYY 2PIE = = - x 100
HANAARINNG TR 2PIE

NANAM39YDY 2PIE = Untinwaa 2PIE NALATIEALA
HANGNNIUNG Y09 2PIE = Umitinves EIE x

1 luave9 EIE 1 luavee 2PIE 474

X X
354 1 luaves EIE 1 lwuaves 2PIE

nalesauazyae 2-Inswandlolalnsialeamwas (2PIE) = (7.03/12.22) x 100
= 58%
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2.5 nalnsesazvestiinendlolalnsialeawas (BIE)

NANAMA59UD9 BIE

HalAseeasUed BIE = R - x 100
HANBAALVIEUHUe3 BIE

NANANATIUDY BIE = U1ninvad BIE NFuAIEHLA
HAKANAINNE WO BIE = Umitinuea EIE x

1 luaveq EIE 1 luaves BIE 502

X X
354 1 luava9 EIE 1 luavaa BIE

nalnsesazyaaliinendlolalnsiawawas (BIE) = (2.97/8.13) x 100

=37%

2.6 nalpsesazyad 2-Umendleolalnsiateawas (2BIE)

NANARAIIVDY 2BIE

HAlASeEaEYY 2BIE = = - x 100
HANAANINNG VeI 2BIE

NANAM39YDY 2BIE = UMtNYa9 2BIE NALATIEHALA
HANGNNIUNG Y09 2BIE = Umitinves EIE x

1 luaveq EIE 1 luavee 2BIE 502

X X
354 1 luaves EIE 1 lwuaves 2BIE

NalR5e8azYad 2-Umendlolalnsiaedawas (2BIE) = (4.16/10.32) x 100
= 40%
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2.7 nalpsevazvananvandololnsiaeamnas (HIE)

NANAMA59VDY HIE

Halhseeasyel HIE = R - x 100
HANARRLIWHved HIE

NANANATIVDY HIE = 11iinvae HIE Aduasizila
HANANNIUNG Y09 HIE = Umtinved EIE x

1 luavaq EIE 1 lwaved HIE 558

X X
354 1 luave9 EIE 1 luawed HIE

nalnsesazvauanwandtolalnsiaeawas (HIE) = (2.92/10.06) x 100

=29%

2.8 nalpsesazvainannandlalylnsiaeanas (OIF)

NANARA59U89 OIF

HalseuazYes OIE = = = x 100
HANAANINNG VeI OIF

NANAM39Y99 OIF = U11iinvad OIF NdLATIEHALS

HANANN LN Y09 OIE = Umitinves EIE x

1 luav@q EIE 1 lwaves OIF 614
X X
354 1 luave9 EIE 1 luaves OIF
NalR5e8azYRIRaNNandlalglnsiaeanas (OIF) = (1.28/6.96) x 100

= 18%



3. ATUIUAIAMANULA (AIUNINTFIU ASTM D 445)

[

AUNNTATUIUAIAINNLALARIA

i
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Viscosity = Ct
Viscosity = Anunila (wudaland wse cSt)
C = ANASTIVDINABAINAIUNLR (MaDALUDS 150 = 0.035 M1519TaaLIRNT/
ANMAEDY %39 mm?/s?)
T = narlunsindeuiivewewanluvasninruninangaisusuluds

Qy A o a ) =)
AUAANNINUA (IUIN KID S)

q q

A15199 9-1 ANnuntiaveslulefwaaininduliauloPuaSRNWAINILAL

L a1 Gui) | .
ansNiuTin e T Aanamila (cSt)
AN 1 | SN 2 | Aade

Tulefwaanihsunda (PB) 123 123 123 4.31
PB + Inswendlelalnsialeanes 132 132 132 4.62
PB + 2-lnsnendlolelnsiawamas 140 | 140 | 140 4.90
PB + Umendlolalnsialoaines 141 142 142 4.97
PB + 2-Umendlelglnsiiaoames 136 | 136 | 136 4.76
PB + tgnvondlolelnsialoaines 134 134 134 4.69
PB + sannendlolulnsialoaines 140 141 141 4.94
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a 1 a ) s A a a ] a
MN199N A-1 '“ﬂqﬂsqul,l,ﬁg"q@l‘waLV]GUBQIUI@@ILGU@‘U']ﬂU']NUUWaMLN@LG]@Jﬂ']iLW@JLLGNV]"NLﬂ@J

Aa @

TuuSunad 50,000 ANLOW

o . 39U (°0) galvawn (°C)
GBIV RRTEC I

1| 2 3 |was| 1 | 2| 3 |wde

nswandlalelnshateanes 175 | 173 | 173 | 17.4 | 104 | 105 | 105 | 10.5

2-Inswandlalelnshateaweas | 17.0 | 169 | 17.0 | 17.0 | 10.0 | 10.0 | 10.0 | 10.0

Tmendlalelnsiaeamas 168 | 168 | 169 | 168 | 96 | 96 | 96 | 9.6

2-Umendlalelnsfiawamas | 159 | 157 | 158 | 158 | 9.1 | 9.0 | 9.1 | 9.1

wneandlolaslnsialeawas 155 | 156 | 155 | 155 | 89 | 89 | 89 | 89

aannand balelnsiateanes 146 | 147 | 147 | 147 |80 | 79 | 80 | 80

A15199 A-2 aguiazIalvamveslulediwainididuliduiliofualsiduusaniaad

ad e

TuUSunes 100,000 WNLOL

o . Y (°C) olvawn (°0)
ansiAnuanIaLed

1 | 2] 3 |wie| 1 | 2| 3 |wde

nswandlalelnsiateanes 173|171 | 172 | 17.2 | 1021102 | 10.2 | 10.2

2-Inswandlalalnshateameas | 169 | 166 | 166 | 167 | 96 | 95 | 95 | 95

Tmendlalelnsiaeamas 165|164 | 165 | 165 92 | 92 | 92 | 9.2

2-Umendlelelnsfiawawmas | 155 | 155 | 156 | 155 | 88 | 87 | 88 | 8.8

wnewendlolalnsialeawas 152 | 150| 152 | 151 | 86 | 86 | 86 | 86

aannandlalylnsiateanes 145 143 | 144 | 144 | 7.7 | 7.7 | 7.7 | 7.7
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A13197 A-3 YnYuiazynlramveslulafiwavinuiduliduilolfnansiiunaani el

ad e

TuUSunes 150,000 WNLOL

o . a9 (°C) abvam (°C)
ansAnuanaLed

1 | 2| 3 |wie| 1 | 2| 3 |.wde

Inswandlalylnsiatednes 169 | 168 | 168 | 168 | 95 | 95| 9.6 | 95

2-Inswandlalalnshaeameas | 162 | 162 | 16.1 | 162 | 88 | 88| 88 | 88

Tmendlalalnsiaaamas 159 | 157 | 158 | 158 | 84 | 84 | 84 | 8.4

2-Umendlelalnsialoamas 146 | 148 | 148 | 147 | 80 | 80 | 80 | 80

wwnewondlolalnsiaeawas 145 |145| 144 | 145 | 78 | 78| 78 | 7.8

aannandlalylnsiateanes 139 | 137 137 | 138 | 72 | 72| 72 | 72

a 1 a ) s A a a ] a
M990 A-4 '“ﬂqﬂsqul,l,ﬁg"q@l‘waLV]GUBQVLUI@@ILGU@‘U']ﬂU']NUUWaMLN@LG]@Jﬂ']iLW@JLLGNV]"NLﬂ@J

aa ®

TuuSunas 200,000 WLOW

o . 9091 (C) yaluam ('0)
GREGHIENTRNITCEY

—l—s 3 |was| 1 | 2| 3 |wae

nswandlalelnsiatedanes 16.6 | 165| 165 | 165 9.1 | 9.1 | 9.1 | 9.1

2-Inswandlalelnshateamas | 159 | 160 | 16.1 | 160 | 82 | 83| 83 | 83

Tmendlalelnsiaeamas 156 | 156 | 155 | 156 | 81 | 81 | 81 | 8.1

2-Umendlelalnsialoamas 146 | 143 | 144 | 144 | 76 | 75| 75 | 75

wneandlolalnsialoamas 142 142|141 | 142 | 74 | 74 | 74 | 74

aannand balelnsiateanes 134 | 135| 135 | 135 | 70 | 69 | 7.0 | 7.0
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