Tg9uIeatuanysal

n1sHaALESaLAIMaIINUITUUNANAIEIATa U NTAIVIBNaNLUURY U

Ethyl Ester Production from Crude Palm Oil Using Static Mixer Reactor

in Circulation Process
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Abstract

This research is study of the ethyl ester production from crude palm oil
in static mixer by circulation process, using ethanol as the reactant and potassium
hydroxide as a catalyst. The variables in the reaction are amount of ethanol, amount
of potassium hydroxide and reaction time. The reaction temperature was controlled
at 75 © C throughout the reaction. The experiments were carried out both in CSTR and
in static mixing pipes circulation to determine the reaction conditions of ethyl ester
production.

The 99.9% commercial grade ethanol is used in this research. The 500
ml of reactants were mixed in 1,000 ml beaker and heated by a hotplate. Under the
conditions of using the 20 Vol.% ethanol and the KOH +12 ¢ KOH/Liter of oil, reacted
within 100 minutes and the 900 rpm of stirring speed, triglyceride can be converted to
ester up to 97.456wt. %, analyzed by TLC / FID. It was found that using pilot-scale
batch circulation process through 2 sets of static mixing pipe (7 pipes per set and 1
meter in length of each) with the flow rate of 500 \/h, triglyceride can be converted to
ester up to 99.577 wt. % under the conditions of 20 Vol.% ethanol, KOH +16 ¢
KOH/Liter of oil within 50 minutes.
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molar ratio
Temper
Type, volume of of Catalyst/loading Optimal reaction conditions
ature
reactor (cm3)/type of  ethanol.oil
Feedstock
agitator, agitation Conv
Reaction Time
intensity (rpm) (mol/mol) (wt.%) (°0) ersion
conditions (min)
(%)
Soybean Flask, 500/mechanical, NaOH and KOH/0.3 and 30 and 70°C; 12:1;
6:1 and 12:1 97.2 60
oil 600 1.0 70 0.3% NaOH
Batch reactor,
Soybean 250/ultrasound (indirect 1.8:1 -
NaOH/0.14-0.56 29 10.2:1; 0.35 91.8 30
ail sonication) 4870 W/m?, 10.2:1
40 kHz
Soybean Erlenmeyer flask, NaOCH3, NaOCH,CH,/0.3 0.6%
10:01 65 97 30
oil 25/shaker, 450 and 0.6 NaOCH,CH;
25°C; 7.5:1;
Rapeseed Batch reactor, 2000/disc
6:1-7.5:1 KOH/0.89-1.33 25-65 1.33%; 10000 98.9 90
oil stirrer, 10,000-20,000
min™
Flask, 250/magnetic, 30°C; 16:1;
Castor oil 12:1-20:1 NaOCH,CH5/0.5-1.5 30-80 93.1 30
600 1.0%
Flask, 250/magnetic, 30°C; 16:1;
NaOH and
Castor oil 400 Batch reactor, 6:1-39:1 30-80 1.0%NaOCH,CHs; 99 30
NaOCH,CH,/0.5-1.5
1000/mechanical, 400 mechanical stirrer
9.65:1-
Castor oil Mechanical shaker KOH/1.33-2.17 30 11:1; 1.75% 80 90
12.35:1
Cottonsee
ol Flask, 500/mechanical 4:1-9:1d KOH/1 78 9:1; 2% water 75 30
oi
Sunflower Flask, 250/mechanical, 50°C; 12:1;
6:1-12:1 NaOH/0.75-1.25 25-75 98.5 5
oil 600 0.75%
Sunflower Ambient
Erlenmeyer flask 6:1 KOH/0.5-2.0 50°C; 1.0% 98.7 240
oil and 50
Soybean Ambient
Erlenmeyer flask 6:1 KOH/0.5-2.0 50°C; 1.0% 100 240
oil and 50
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nszvrumananluTenwaanihiualuat (canola oil) MevierauLUMYLIL WU Feuly
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MeOH) Maa19i1ufAzen 30 urdt 1uaningvanzauuay Alamsyah et al. [14] ¢
Wisuisurienaufunisniunanvesnisudnlulefiisainiifuldudieufasen
NIIULBAMNDITATY WU VienauansananuSaeanasla 96.5 wt.o% li5andinsnau
wen Alteuly gaumgil 65°C Sasdnlaelua 1:10.5 (TG:MeOH) Uag 1 wt.% of KOH fiaan
UATe1 5 Wil
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2ONKUUNISVIAABILULAINY iafainisuavessiuUsdaserenisuanlulofiea 1w Crabbe
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wui1 meldanneiivunzan fe Sandnlasluavesuniueatuiduiiiy 40:1 lnse
Fatandusisauizen 5% lneUsung uazvihufiseriigamgdl 95°C Wunan 9 dlus 16
uBaloaimesfifinuuansiviafu 97% Ghadge uay Raheman [16] l@@nwinsmaniied

winnzaulun1suanlulefeakuuaestunouaInindy mahua tneldisnuRINanaUaUa

a

(response surface methodology, RSM) Fumauusnlaman1isimunzaungalunisannsn
lufiudassviatasnii 1% lagdimidn ddauusdasshie wniuea nsndaila3n wasiiailu
N5 wudtanelvangaufe wWnuea 32% lagusuns nsndaiiin 1.24% lag
Wmtinaed3uns wazldiaanlun1sviuisen 1.26 93lue Neaumgil 60°C wazilundnlule
a v aaa aa o v =i =i =

Aasasiguisemsueamesindu neldanneimunzauiiande wniuea 25% lag
U303 Inuna@eslansonlan 0.7% lagumtindeu3uns lalulefianianiuuigns 98%

Tiwari et al. [17] laAnwimannigimuzauigalunssuiunisuanlulefwaaininduays
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nMsviUfAZen 88 wnit figungdl 60°C wazilundnlulefwasionieujazen
nsuteawmesiiadu nneldaniiginuivaniian Ae miuea 16% laguIung

Tnunadeulansonles 3.5+ aAraudunsa lagumdnsdeusuins wazldinanlunisvin

[
v Y a

UATen 24 wi lalulefwaniinnuusgnsuinndn 99% a1naddeluideivinlimsiuia

v
aa A

A5N1590NLUUNITNARDUNDMNANILNMUNLEUTUNTEUIUNSHANMILITNURINAN D UAUDS
(response surface methodology, RSM) @¢lu91u398lagU135n19/9na1IN108nNLUUNIT
7AADY LNOMFNITIUALLANTUNTEUIUNITHER

va o A

nnsavAugIudeyasie asuindlififideneiunisnanesaeamesann

[ a

uurduleenisldvienaunuuadn(static mixer) Weannidunisivdeuingfvwaznisvi
UfAsensndniedaoamas anwuudsnuduluuvionay Jwienauiidefininnisuausae
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danupe lenunaadideendnngziouindn Tdwasnulunisviuldesndt Tovatluns

Heautosndn wazaraIntun1sungessny (Leng et al.[18))
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Unsalvienauadauuunywiu Wngldufnsemsueamnessindu wazldlnumadey
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1. dngAunazarsiailunisuaniasalennas

1.1, dhifulduivedindiusu (nsalududaszsinin 5 eKOH/Liter of oil)



1.2. LBNTUBANTANITAIAINNUIANT 99.9%

1.3. munaweulansanlamnsnnisan (KOH)

2. arsaiilumsiinszimesdusenauingu dremadia thin layer
chromatography/flame ionization detection (TLC/FID)

2.1. lolalwswuea

2.2. Husanmauduniames

2.3, lgniau

2.4. nsaneosin

2.5. LUUGU

2.6. lowaiia Bnas

aunsal

1.ya3asUfnsaimmeasinisiniesaedines

desnnlunsdnwimaaesiasliyanaass 2 g lunisdnwmdoulad
wanzauveIMIKAneSaloanesie anaaowutlumuIAUITESwEIRY 0.5 Ans wa
YAVARDILUUDHANATALU UL TUIAUTTYinsuEudy 100 Ans

yannaesuuuluNIuILAUTIRENTuERY 0.5 Ans Fauandlusuil 1 gnldlu
nsAnwdeulafmunzandvunisldioniueainsanisfinauuians 99.9% uax
Tnunadeulensonledinsanisdiduiniaujiter Tunsuanesaoanes Seyanaassi
Usgneausmegdninasuuin 1000 #addns dur1uAudnate 100 Tadiuns Al1uge 140
Tadwns wazlinsudanzueanisludnnes 4 ATU uaagAsUNINe 10 Tadiuns Jluniuwuy
6-blade disk turbine (Rushton turbine) Ail#lun1snauthifuuasviuiisemaad fidusin
Audnansluniu 70 Tadiuns Wurugudnarsaluniu 47 daduns anunitvedluniu
14 fadiuns auevedtuniu 17 daduns wazadiuasvedduniuainiuinines 25
Tadwns danuguwsslunisniunad (Vz) Usssna 5,356 1 hotplate ielanusounaen
MSYUNATeN

YANPABIVIEHANARALUUMIILILIAUTSTUNSTELAY 100 Ans wandlugu
2 \Jugpnaaesruiathsesifldlufuneuvesnisinuinsvhuiiselunisudnesaeanes
felevueaInIANITAIALLTaNS 99.9% warlilnunadeulensenledinsanisddy

AseUfisen FeUsenaume daduUIaNAU deenIuen ienauwuUaT e YuIALEUHIY
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10 finfiuns 81 15 Sediuns On 180° uKuALALIAALAar T uAaLdawqafuR B3 90° maan
ANUEIME §1WIU 14 vieway newuadu 2 nguvieyalve) Sviewandiuiu 7 venaussngy
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2. yaaUnsain1sansusu

9 9

¥aaUnINI5aNUINUUSLNBUAIY NTI8LENIUIA 500 Uaddans Juay

q 9

Untnasuuna 50 dadans wag hot plate stirrer

3. ¥agunsaln1sAATIziasAUsEnauLdy
nTLATIEesAYsENaUUNIUlEATeY Itronscan MK6, chromarod trpe S-

quartz rod (Mitshubishi Kagaku latron Inc., Japan) WaxLA3es rod dryer TK-8

Asnsaniiuau

&

WosannauddetidunisAnwinssuiunisuasieSaedwasinaldioniuea

1%
[

NIANTITAIAINUIANS 99.9% MUfATemTudeawmeIiaty Tellunounsil

1. M3fAnwInszuIunIRaaeSaeamasateyau nsaluuuluniu

T

FluTunauNISAEN LTI TuNEUnSTUIUNTaRnIAlTUdasElRNNIN 2

)}

1% '

mgkOH/g Lutnfulsudu viuAterfuleniueainsnn1sdiainuuians 99.9% uaz
Tnunadeuleasonlesinsnnisé ludosdudnvimdeulavevnnismeasveanisi
Uiizessluniuuuy six-blade turbine dviufAzenludninesauin 1000 fiaddns Liv
f?hazmﬁnmmﬁﬁﬁﬂﬁﬁ%mm 910 undl maen 70 ufl Aideulunismaasisng o wazileld
Foulvnsvaassiiannsandnedaeamesld Jswenuvuieulunmaasdasimuniauls
Afnadenszuiuns e Uunuveslnunadeulonsenled wazuIunaeniuea 16 12
Houlunsvaaes wansdamsned 2 Ingldaanasosuausspindudusu 0.5 Aas fuansly
U 1 Buanmsmdifuindudv 0.5 des addudnnes wasluvusifeafufida hotplate
iielvianufeunaziUnueimesil 900 seudewdt limesluiimesmuaugumgiinaonnisi
UfSenmsil 75 °C \flothifugamgiivszanas 75 °C inevueafinaslnunadouleasenled
puviinuresdeulafioonuuuuinfuansaletudassrenitusuduasiunasludnines
puUFnafioenuuy waziFudunauiiSufasaraelnunadelsasonludadly vin
nafiusaegiann 4 10 uril aaen150 uit asar 6 fadans lnslunisifufogisasif
Turnzgpmaansdinsinnueg wasynaswesnmaifufegsdestihmegtsluugluinfuriud
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ImmzléfﬁwﬁulwiaaLezjaagﬁﬂuuuLLaﬂﬁuLﬂuﬁﬁmqﬁ’u%’mLﬁ]u wadenauAdundasoanan

nduihiiululefwaludsmeiniou wagiasesAianuuTanseae TLC/FID

d' d‘ a a s g LY (3 1% dll a L3
A15199 2 WeoulvnisneasslunisudsielaledinasannuisiuU1ay @’J‘EJLFW@Q‘UQF]?MLLUUIU

N YAUTIRNTULSURY 0.5 Gns

Ethanol, E Potassium hydroxide, K
un (vol.%) (g /L of oil)
1 14 10
2 14 12
3 14 14
a4 17 10
5 17 12
6 17 14
7 20 10
8 20 12
9 20 14
10 23 10
11 23 12
12 23 14

2. MIANEINTZUIUMIHANLRSALREANDIAIBYAUNTAliaNaNFTALUY

YUY

(% 1% '
o/ v a Y o

TugunounisAnwidlddnduiiniunssuiunisannsaladudaseliainia 2
< 8 v oa v o aaa Y 9 a £ a

mgKOH/g tutsuisuau yiUfATeiuenIueansanIsAmAINUSans  waslnuvaidey
lansonleainsnnisan TudesduinisAnwiniteuluveulunn1smeass uwaltiiveulun
Weoulun1snaassnsnaitui@nuwilagld Response Surface Methodology (RSM) wazld
WHUNITNAABILUU Central Composite Design Ina@nw@inusnszausig 9 5 seau Aauus
2 fuUs Agiinavan 12 N15neaed Wanafannsen 3 lagldyannassvienauafinuuumyuiy
YuAt1309 faandlugui 4 Suannmiiuligu 25 aas adudaiduuidu luvusifeaiy

Adatumyuiuidulduauiisnsinisiva 500 anseatalug uaziladninas awia 2,000 W
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wagldgunsaldnsoninesaiuaugamgingludwaniuuryuiuvioteiiuldunaennis
o aaa d‘ Ie) a d‘ U = L3 a d‘
MURASEIAIN 75 °C waziiueniueaazatedulnwnadeulansenlanniudiuiud
panwUUUINAUANIA LR sy YRS uAuadludiasazae lnwadesulansanlen way
WaaUauansazatgnigsnsinisiua 495 anssadllud IngsuduaIN s aseniun
A a ~ ¢ o A a P

Mmanasaraelnunadeulansenlyd dunaguilsUsinuvesasazaelnunadeoulansen
lggludsansazgarelnunalgoulansenledgntoudissuunyuiununnad 3sUanadsu
asavavlnunadenlansenles lneAudegradusialaiii 5, 10, 15, 20, 25, 30, 40, 50,
60, 70, 80, 90, 100, 110 uaz 120 w1l uaglunisinumedrmnassdesindegnsluugluun
= o & Zvyud A v Y a = Vv ¢ Y o a = '
Wulaeviui 1ntunslingumgiviesudimendweseattegauaianis udniluledisadeg
AUUUNIA AU UL DM U lUIRI1zieInUsenauindulamemailais TLC/FID
waza1u15aunlUnageUAINUIENSIORRAIBSAIELASBeVAdD Fourier Transform

NMR Spectrometer 500 MHz, Model: Unity Inova, Varian, Germany 58 NMR

A13199 3 Reulunisneasslunisuanesapamasainiiduiidusensesuinsalvionay

ADPLUUMYUINYILININTEY USTRUNLTUSUAY 100 dnS

Ethanol, E Potassium hydroxide, K
un (vol.%) (g /L of oil)
1 9 12
2 28 6
3 20 12
4 20 12
5 20 20
6 31 12
7 28 18
8 20 12
9 12 6
10 20 12
11 12 18
12 20 aq
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3, psiassivnasdusznauluindudiemaiia thin layer
chromatography - flame ionization detection

1. guihiuannnuniiafiewioriesginasduszney

2. w3puans TLC 1 fivszneude wonwu laefiadves wasnsanesiin au
§n5189u 50:20:0.3 TneU3uns waziuuans TLC 2 fiUsenausie @nieu Lasiuudu any
ons1du 1:1 IneuSuns

3. Ww3pusTusnegne Tnawseoueniay 0.75 Jadans aslunaen lite touch
wmestisiusetng 1 nesadusneueladiy

4. vensegnein3euldasuy Chromarod wagyn Chromarod Tuutluy
415 TLC 1 soauansindeudils 80 fiadwns wanhluudluans TLC 2 sesoauansindeudils
100 Hadluns

5. 11 Chromarod 7iugans TLC 1 wazans TLC 2 waalUausieinies rod

a

dryer TK-8 figaumindl 105 °C Uszanau 10 il

Y

6. 111 Chromarod TU3AS129199AUsENaUAELASY Itronscan MK6 $435015
IdunsienasusazuilnmgdnsIn1siAdaunluvingy wazmdiunusveslviunienaon
NN UAI8AT flam ionization detection Iaglda1n1aNonsIn1siva 2.5 ansaeul? wazly

lalasauionsinistua 165 anssauld

4. NMIMFULUUANNMSIIUIEANUTUNUS

nsAnwIaUluNIINAaRIRIYIS response surface methodology, RSM Tu

[y

=Y d' [V 4 Y a Y v .
ﬂ'ﬁ‘lfﬂLQE]“IJI‘U“V]L‘VI&JWB&ZLILL@SGZJﬂ’]iﬂ'J']ﬂJﬁSJWUﬁ‘UE]\‘]W]LLU?E]ﬁiZﬂ‘U wdsmulagly Multlpte

'
v o =

Regression N15¥AUANNLTBNU 95% wagRarsanaunisaanaunlufidedfyeon Jedunals

v [

971nA1 P-value 81 P-value fiA111nn11 0.05 kansinnaufsnaliitudfese response

IS Y ! (% [

daurn Pvalue fivesnin 0.05 fdudfyseaunisvuieauduius gULLuuammi‘ﬁléf
annsathlvadensiiuianeuaues (response surface) wagns1n contour voudoulunis
NAaelurInIsLUSARLUSDEST LAY HanauaUDIla
5. mamaneivuzauiigalunisuaniesaloainas
Msmanmyiwanzaslunsuanesaeamedaininsiulduanunsonile
MANSUAANNNSIUNEALEITUST e savhuemAvesiUsBase i 2 16 AeUSunm

onueakarUsualnuvadeulansenlys lasunaunisaie excel solver Feagaigly
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d‘l d‘ o Y = o a g dll IS LY dll o aaa d‘ 14
vaulnkaulunniun LLﬁ'J"N‘I/I’]ﬂ'ﬁVIﬂa@\T"\]'N‘mL‘W@EJ‘L!EJ‘ULQ@ubleJﬂ’l’iV]']UQﬂﬁ‘EJ’leLﬂﬁ]’]ﬂﬂ’]i

WAALNITATVINUNEY

NANISNAADILAZIANTINE

nMSANwIMIvaULYEauluNISNAaBIYRINISHARLETALEAMBSIINUNTWUNAY
v a a ¢ v ) a = o Y
saapsaufnsaluuuluniu b 12 n1sneaassfauandlunisnei 4 83vin1snaassieyn
neasakuulunuludnines vunussauduisudu 0.5 ans Wudiegnsiivian 10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 110, 120, 130, 140 way 150 w19l nuInludeulunisneassi 1-6

A a T & ' a a Y a

wazauluniveaedi 10 ldinsuenduseninndiweseauazioSateanasauanddugun 3
wazdrnsudaului 7-9 wazeaule 11, 12 Wuwdeuladvi ldann1swenduveanadieesoa

LAZLETALOALADS I UUIITINIAT F0819UNTUNTNITHENTUAINITAUININIUNTZUIUNITAN

wagyiNTIATIEIIeIETs TLC/FID Wielinsieiesdusenauvesdidulansianslugui 4-8

M13197 4 uanseulunismaaedlunisudnesaleanesieyanaasswuuluniy YUIAUTY

YTUSUAY 0.5 BNT

Test no. Ethanol (vol. %) KOH (g/Liter of oil)
1 14 10
2 14 12
3 14 14
4 17 10
5 17 12
6 17 14
7 20 10
8 20 12
9 20 14
10 23 10
11 23 12

—
N

23 14
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Ethyl ester (wt.%)
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I
I
1
1
I
1
1
1
I
I
I
1
1
I
1
I
91 I
1

20
10 20 30 a0 50 60 T0 80 90 100 110 120 130 140 150

Reaction time (min)

UM 4 Lansuan1simseilasidusioamasiusegiaintiueadaulunismeass

v

nuea 20 %laguiuns waglnunadvulonsenles +10 g/liter of oil
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1%

HANINAABINISHANLETALRAMTMEYANAaatuUluNIY YUIAUTTRUNTTY

1%
O

BUAY 0.5 ang 1AR19819UT U e NTUwaE ke NTUSENI1DSaLRdL s WAL NALYD50a

1 19991NN15 AN BN ATUNTAINULENTIULAANITTIAVININITHENTY WALHANITILATIE
aeAUsENRUTRITUMBg19laaInNITAaaMms 12 Reuly aunsaagUanefimuizay
a a & Y o ¢ a v A A
YaansHAneSaeawesNtuUduRUMEYanaaasuUlunIy Aenieuly tevuea 23
%laeUsuns waglnunadeulansenlan +12 g/liter of oil MaavUfATen 130 w1l lag
AIVANRUTnaRANISIUASEIRAST 75 °C ASINISNIUREY 900 Sousioudt 1lu

al A a € v

anngilirnauuIgrsveesaeainas 98.114 %lagumiln ganigaiiladiasigrialg]

Y 9

(«@))))

TLC/FID wanslugui 7 wiidlofiansanaduaiunsalunisuentduseninuesaanosuas
a = ~ v ° aaa A 1 a awv o aa =
nawesea Woulvnwuzautazlyisszeziainisviufisenliiiadiatundaiuaios

a Y & N A a =~ &
AUARNISTAVININSHENTUABD B ULULENIUDE 20 %laaUSu1ns wazlwinaldeulansanlan

+12 g/liter of oil lagiTulenduAtLs 60-150 U1 NgunninluAuAsinaaAnNIsNURTeN

s
a

75 °C AMUL5INITNIUREL 900 TOURDUNT IMAIANNUSANT V0T aLoaLnDs 97.456%

q

1387 100 U7 o3RI RA28T TLC/FID wanslugui 5 FelirnAuuIansvedesa

[V ]

wamesganiidouludu q nmelussernaniufiteiivitu Jaguldhdeulsdifudouls
funnganiianalunisudaedaeamesaniitulidudeganaassutluniu wuiaussg
thifudasiu 0.5 A
MNMsAnwINHARSaleame TNt e ionauaR AL UMY
demawFeuhiuudufudeyaufnsaivionauadanuunyuauunnties faussgiity
Budu 100 dns Taenszurumsannsalusiudassaniidnunieldtouls lonuea 66 %lae

U3u1ms nALaNISn 7 %lagUSuIns L3a1%M1URNS81 20 UNT WATAUVNANAABANISYIN
9q U

UfATen 75 °C Wialinsgviesnusenaunmdnuazvesdiiuannnding1d taaandlunisg

J s
A o aaa ! a 3

7l 5 waziilovhuFAsenasselufl 30 uii wuirdAiAnuUIanBvesioaIoTges 30.58 %
Tagtniin Tsdnwinisudnieiaeamesielfisenoamesintuluduneuiadiey
Ufnsaiviorauadauuunyuinvuintiides Srussgiidududu 100 das Selddeulunis
NARDURLIRE LoMUBA 66 %lasUsRT NIATaTngn 7 %lasUTanas Wufegeinainis
MUHATeN 0.5, 1, 2, 3, 6, 9 uay 12 dlaa LLazi’mmmU'%ajwésuaqL@%al,aama%é’wm%aﬁa
naaou NMR nanisnaasusauansluguil 9 audiuldinssoznanvosnsvihufizendnasie

mswasunlasveandwalsaluintudueawas Felunisveassiidunisulatesrlsznau
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1% '

S o § a a = = = I3 oA o aaa
yaaduUdnfvivsn Fdlngilulasnfwelsd wuinlesseziiainisindjisen

o

v

WLTuAIAUUIgNSTResaanasngetunuluiie lnednisuUasveseanesagng

a 1 % 1

50157l TEEIaIN SIS 30-180 W1l wanasaniuly 180 wnil wise 3 Falus

AUTUIAT 6 T3 NITLUAIIDUDAWMDIALIALTULANLDY WAZISUAINNAIRIN 6-12 T

s
a

lngaunsandnieSaleanasiinuuTansaan 93.46 %laguiniin Maa1 12 alua ueen
(Y ! [ [ ! a £ s S v = & ! [

AanaNdalaiiuAInNUIgVavRIeames 96.5 %latnin Fuduainuunsgiudnne
wazAunmvaslulefiwalssinnufiaamesvaansaludu w.ea. 2556 F9dnwnaasinisly
UAsemsudieamesfiindulunisiddsunvandueamnes ludunsuiidass da91n

ASTUIUNTLRANDSWLATU

M1319% 5 uanfainvazuaresauszneuvesifuannsanueuly wnuea 66 % lag
Y3u1ms nsadaiiain 7 %lagusuins 1ia1vinufnsen 20 w1l wazeungiinaeanisin

Ufisen 75 °C lneyaunsalvionauainuuuryuiuauininied 69UsTaudususy 100 dns

Physical properties and compositions:

Density at 75°C (kg.L™) 0.896
Viscosity at 75°C (cSt) 6.29
Free fatty acid (wt.%) 0.823
Triglyceride (wt.%) 75.264
Diglyceride (wt.%) 5.935
Monoglyceride (wt.%) 1.022
Ester (wt.%) 16.956

Acid value (mgKOH.¢?) 2.3047 (crude biodiesel)
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A13199 6 wanssiasuUsdasenldlunisAnwinisndnesaeamainieyaunsaivianay

A0 UUMYWINTUIANTRIUTIRUIWSHAY 100 Fns

Independent variable Coded level

-1.414 -1 0 +1  +1.414
E: Ethanol concentration (vol. %) 9 12 20 28 31
K: Potassium Hydroxide (mg KOH/Liter 4 6 12 18 20
of ail)

A157199 7 wanadeulanismaastlunisfnwinisndniedaeanesmeynuinsalvionanade

WUUMYWIN YUInNTouTsundiusuay 100 §ns

Test no. Ethanol (vol. %) Potassium Hydroxide

(g/Liter of oil)

1 9 12
2 28 6
3 20 12
4 20 12
5 20 20
6 31 12
7 28 18
8 20 12
9 12 6
10 20 12
11 12 18
12 20 4

Lﬁalé’ﬁaulmmﬁmaaqmmmﬁwmmaaaLmﬁmiqzﬁaqﬂmamimaawm
mimémLa%aLaama%ﬁ'gEJLamuaamimmiﬁﬂmmﬁqw’é 99.9% Welfiusegns fivsan 5, 10,
15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 110 way 120 Y] ‘f?wm 12 ANINAADY NaNIT
VARBILANITINNTIT 8 d@unsathuinsgimSeuleiimunzaunardanuudugi e

Multiple Regression Ingfmunaiadaunsalunsulasdueamneasidu Response 910
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Y171 LAEUNITANUFURUS LARIAIIUENNTST 1, 2, 3, 4 LAY 5 AUa1AU AdUUTEANTLaz A

MeadRvesaun1suandialuniseil 9 wagns1u Response Surfaces wanssalugui 10, 11,

a

12, 13 uag 14 a1uasu Jearunsanisilieuiisvdsunaansimiinlglunisitugisen

annsauaueamasle 99 wt.% NzezaIn1sviufAzese q veInsdinIsAn¥INIINE:

(% '
o v a v

oSaleameimeyaUjnsalvionanafinuuunyuInvuIntlTenldiussauniusuau 100

q

a

dns liaguil 15 iefinnsanuiinunmsldasiainagszoznalunsinufizen wuie
yURAzen 50 undl ludelefimunzaniign 3919 Response 1iu 99.945 %laetimiin
\osannArmnadetuainnisiugvesannisilvailndidss 1 ign delan R2 iy
0.971, R%qustea MU 0.943 wag WA Ry, pregiction 111U 0.667 léﬁauimﬂ'ﬁﬁmﬁﬁ%mﬁ
wnzanlunisndnedaloamas Asteniusa 20 %lasUTuins uazlnunaldenlansonlys
+16 g/Liter of oil waziiloiin1snaassaiudouly eniusaiafu 20 % laeU3uins
TnunaiBeulansonld +16 g/Liter of oil wdnfumegahfufinavhuiised 50 undt 16
ApuuIavivasesatoained 99.577 % lasivin dslndiAeatudinisiiasizsidae
Multiple Regression haglaninakFnveIn1sHaneSaleamasmeynuinsaivionauwuuaiin
defmumisuunduiiuriniu 100% filunissd 10

ot9lsAmuiaRTaAT R, pregirion LAVINAU 0.667 va9douludina
foiilsefumnuutiud1vesaunisin Wesufuaunisauduiusinansyiu §izendu
fagiiulain ﬁauimﬁ?hat,’;mﬂﬁﬁmﬁﬁ%m 15, 60 wag 70 U WA R%y, prediction ANAU
0.833, 0.893 way 0.981 MIUAIAU %qﬁadﬁaumiﬁmmwuﬁﬂqq LANAYDINITNARBITIN
aunsANEURUSTLE wudraunisauduiusi 2 Inalndidesiuan Response 91nn13
yhuneiign Jsaguidendeuludinadudoulaiiffianlunisndnosaoaneantiiu

UnaufumeyaUinsaivionauadnuuumyuIl YAt



22

S

(Do G2 LREUBALILLUBCEUIEEATERAEN L8l GZ UMSMEIFLIILIVELIEL LBTALUNBBIVIAELUUIL)

11096 88086 80.86 60,6 GC'96 80LV6  Levbe 00V'L6 L0896 0ee96 L2596 81896 1v086 109L6 €96 1 0¢ ¢l
p8e’L6  €81L6 686L6  L6,6 GC86 9PCL6 G986 99686 <186 8Iv86  1ee’86 06586 19986 8L686 09,6 81 cl 17
¢lC66  0Lb'66  £LC66 1266 6066 18¢66 99C66 8Cb66 1Iv566 02066 €686 99C66 ¢Ll66 0¢886 9166 cl 0¢ ()2
816°06 6¢1'16 GLL16  ¢cvece6 9196 GL068 <0016 ¢88¢6 0491'.6 16D'96 9656 GPG96 888°G6 80¢'86 2986 9 cl 6
06266 Lvc66 9¢T66 6686 1686 89066 0LC66 69C66 D686 15066 V6686 60066 €C966 <CSv66 9966 ¢l 0¢ 8
99266 86L66 00966  Pe'66 9066 92086 98066 LL696  LbG66 88686  GPC66 €986 18986  OV8LE 0616 81 8¢ L
L1626 Q1986 086 €686 C6L6 ¢8Y86 01166 0886 6¢G86 bel66 1IvC66 8L966 8LG66 (8686 9686 ¢l 1e 9
Gp886  ¢9.86 ¢S886  0.86 9166 08066 VLL86 GLL86 89LB86 1.1'66 65686 GP686  8L8B6 86886 6886 0C 0C g
8166 ¢0e'66 16666  Cl66 6166 8le'66 <9966 CIv66 L0066 €Le'66 CGe'66 2066 9Cl'66 OpLée6 €566 ¢l 0C 1%
1886 08166 G166 1886  GL'66 ¢8986 <CIT'66 9¢C’66 €0066 91686 65066 29166 6£e66 LLG66 0866 ¢l 0¢ ¢
Gpb'86  vILB86 69¢°L6  8L86 6166 L6686 8Ll86 9LCL6  069L6 L1886 98¢96 16186 80696 €086 16'L6 9 8¢ [4
65196 8L996 G88V6 €96 6096 98868 088C6 [88V6 6096  188C6 £5.88 OWb'G8  ¢IGb6  0eL06  C1'16 cl 6 1

%M %I %IM  %IM M) %I %IM %I %M %IM %) %IM)  UWST  %IM)  %IM) o0 on)

uligzr uiwQrr Uiwpor  uiwge  uiwpg  ulwg/  Uiwgg9  uiwgg  ulwgpy  Ulwgg  ulwgg  ulwoz ulwor  ulwg - /8) ou

13353 VEILE] VEILE] 19)s3 43353 433153 13153 13353 13353 13353 13353 13353 13353 12353 49353 HOM ey woL

£19i 00T MMLITELALLENDEELIBLILAENTEANNTISEIEEMEUUEUBNCLUIRLIUL CIIRISIRIVEMELUDRRBVALLUMMIET 8 UBLELY



Ester

15min

Ester
50min
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70min
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120 min
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2 2 2 3
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2 2 2
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2 2
=f +PE+ PR+ PE +fEK+SEK

2 2 2
- ,BO + ,BlE + ﬂZK + /)’3E + ﬂaEK + ﬂSK + ﬂéEK
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25.0

20.0

15.0

B Ethanol(vol.%)
KOH(g/liter of oil)

10.0

5.0

0.0

15 50 60 70 120

reaction time (min)
UM 15 wamamsiSeuiisuUsinaanseinldlunmshujisennaunsaudaseamasla

99 wt.% NszestIaIN1VUATe19e 9 veaansAnwinsnanesateamasmeyaunaivie

HANANAL UMWY YUIntToadaussgdiususay 100 s

M13199 10 LAAINANANYBINITHENLESALRAM MY U NITVioNANWUUADA

A53UIUNS Yield (vol.%)

Fupeud 1 nszviunseamesiadu dmsunsannsalutiudasy
Esterified oil 117
(laflér@ns, 117 vol.9% ieutsfuunduiu 100 vol.9%)
Fupeud 2 nsruIunIIUdlaMeI ATy dmunsHanesaeanes
Crude biodiesel 136.33
(laileang, 116.5 vol.% ey esterified oi 100 vol.%)
NITUIUNITANLETALRELNDS
Biodiesel 76.05

(819887, 55.79 vol.% Lgu crude biodiesel 100 vol.%)

MW NaNaaieuiy 100 vol.% Yasdulausuiiusiy
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1. M3fneINRENESaRANSIINUNTUUNANAUAELATEIUN TAIVIDNENLUURY U
Tngldufizemsudioamasiliadu

wuhansandnioSaeanesmeiaiesfnsaivenauainuuumyuau 75
AUUTANS 99.577 %lagtmiin lnensiiaszsiesdusznauindfusemada thin layer
chromatography/flame ionization detection (TLC/FID) Lﬁlaﬁ’lﬂﬁﬁ%mﬁ’mamuaamm
MseLUIanS 99.9% Usinas 200%6Tne3ines nunadeslansenled +16 o/Liter of oll

MInviugasen 50 uri leefinuauaamginaennisvinuisen 75 °C uagkaunledy

L

myuudngIniglng 500 Ansdedalus eRarsandnvarnisnienmeestinduiiiiy
nszvIuMIKAnESaleane SevionaNaRnuULTL UL thiufildudnvhujaseliddng
wenfuszminaosaloanosiasnfivesen Tngaadflanimaile 191nANATULTVBINITNIY
nasvilvindweseasimoglusuresodaawed \Hultoseuiensalatufuaydaduas

a o

ddaTvheoes dwalvinisuenndwesoameusdliuaidaniilaen wilswdaglaiinisuen
fusgmiendiwesennaiedaoawaslunsiiufisedeyaufnsaivonauaiiauuumyuay
YuA1TeaUTIEITuENAY 100 Ans leBaoaneiTlARTnanAngds 76.05% vesindy
Undudv Fadeieuiisuiunimanesaeamedieyaunsaiuuuluniuiiauuians
97.456% Tnvtiwiin Tngldionuoainianisdnnuudans 99.9% U3uiu 20%laeU3uns

a

Tnunadenlansonlasd +12 g/Liter of oil Mna1viUfAZen 100 unil Inefiaruaugamgil
paeANIUARGEM 75 °C wagnausoaiaseuluniu 900 seudewit fagiuld
nsuaniedaloaimesmelniosuinsalvienanaiauuuvyundduiinaseniuea 20% lag
Usums windu Tdlwuna@eulansenlenuinnin +4 g/Liter of oil wazldszuziiatlunism
UfAzenteendnge 50 i

agUldienueanIanisiiauuIans 99.9% aunsandniedaioaines
fegaufnsaienauadnuuunyuiu wuathsesussgthdusudy 100 dns Adeaudand

HIUNINTIZIU 95.6 %laeunin wivsliifnnsuentureindiwesoaraziodaloaines
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2. aunnlulefiwaiilaannnssuiumndnesaeameinidulauaveiansalududase

FaLUUADITURDUAIBVIONANAT AL UUMY LI

M13199 11 Aavandiuazesdusenevvesluleieg

v . - wwsgululefiwayusu  wnsgululefiwadewniivd NaANISANE
JamrunfuaNUALAS
298UsEnau BNTIGN UATFIU NG UINTFIU RUYLIAR)
#in i
AUNUILL Y o gouvll  860-900  ASTM D 1298  860-900 ASTM D 1298 888.66 -
15°C (kg/m?)
AMuniln o gauugll 40°C  1.980  ASTMD 445  3.5-5.0 ASTM D 445 4.89 -
(cSt)
ganulil (°0) 2120 ASTM D 93 2120 ASTM D 93 166 -
Az (%wt.) <0.0015 ASTM D 2622  <0.0010 ASTM D 2622 0.0014 -
UGN >47 ASTM D 613 - - - -
ndiams (%ewt.) <0.02 ASTM D 874 <0.02 ASTM D 874 <0.005 -
Yuavazneu Gevol) <0.2 ASTM D 2709 <0.050 EN ISO 12937 <0.050 -
AIANNTOULNUNDILAS <No.3 ASTM D 130 < No.1 ASTM D 130 No.la -
Armnadunse (mg KOH/Q)  <0.80 ASTM D 664 <0.50 ASTM D 664 0.3680 -
nAwRTUDATE (%6wt.) <002  ASTMD 6584  <0.02 EN 14105 0.0032 -
naleIuaNn (%wt.) <1.5 ASTM D 6584  <0.25 EN 14105 0.16 -
& N p51afidanaeY - - tana -
#enn fu
oA (%wt.) - - 296.5 EN 14103 97.21  GC 6890
99.577  TLC/FID
nINaU (%wt.) - - <0.30 ASTM D 4530 - -
dcuideurtovun (%ewt.) - - <0.0024 EN 12662 - -
Oxidation Stability
110 °C () - - >10 EN 14112 - -
Alelafu (g lodine / 100 g) - - <120 EN 14111 47.0 -
nsmaluadn - - <120 EN 14103 Taiwu -
woanegea (%wt.) - - <0.20 EN 14110 <0.01
Tulundwelsa (%wt.) - - <0.80 EN 14105 0.46
Iandiwelse (%wt.) - - <0.20 EN 14105 0.22
Insnawwelsn (%ewt.) - - <0.20 EN 14105 0.09
Group | metals (Na+K) - - <5.0 EN 14108, - -
(mg/kg) EN 14109
Phosphorus (%wt.) - - <0.0010 ASTM D 4951 - -

ASLANLA (613)
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Abstract. In Thailand, the ethanol production was produced from factory fermentation of many
food crops such as sugar cane, molasses, and cassava. Thus, this alcohol is not required to be
imported from abroad. Moreover, the advantages of ethanol over methanol are less toxic, and the
fatty acid ethyl ester (FAEE) has higher heat content, cetane number and lower cloud point, pour
point than the fatty acid methyl esters (FAME). In this study, the 95% commercial ethanol (as a
low-grade ethanol) was used to reduce the acid value in the mixed crude palm oil (MCPO). The
Response surface methodology (RSM), a 5-level 2-factor central composite design (CCD), was
employed to optimize the ethanol, and sulfuric acid. The results showed that the 95% ethanol can
reduce the acid value from 34.5 mgKOH/g to less than 2 mgKOH/g. Therefore, the esterified oil
can be used to produce biodiesel by base-catalyzed transesterification when the optimal condition:
81.3 vol.% ethanol, 10 vol.% sulfuric acid, and 75°C reaction temperature are used. Moreover, the
acid value in MCPO was sharply reduced to less than 7.477 mgKOH/g at 5 min, and to less than
1.621 mgKOH/g after 30 min of reaction time when the model of optimal condition was verified.

Introduction

In Thailand, Crude palm oil (CPO) and mixed crude palm oil (MCPO) were used as a raw material
to produce biodiesel. However, the free fatty acid (FFA) content in both CPO and MCPO are a
major problem to produce biodiesel. Because the FFA in oils will be reacted with the base to
produce soap (saponification process) when the base-catalyzed transesterification is employed [1.2].
Consequently, the FFA should not exceed 1 wt.% or an acid value (AV) less than 2 mgKOH/g
when use as the raw material. The FFA can be converted to esters by direct esterification with
H2S0, as acid-catalyst. This reaction is shown in Eq. (1). [3]

H,S0,

RCOOH + R'OH RCOOR’" + HO

FFA Alcohol Ester Water (1)

where R and R" denote any hydrocarbon chains. Mostly, the biodiesel production from high FFA in
oils can be produced by a two-stage process. First process is the acid-catalyzed esterifaction for
reducing FFA, followed by a process of base-catalyzed to produce the high yield biodiesel [4,5].
Furthermore, methanol usually uses in both esterification and transesterification reactions. For
instance, Somnuk et al. [5] studied the two-stage continuous process of methyl ester from high free
fatty acid (FFA) mixed crude palm oil (MCPO) was performed by using static mixer coupled with
high-intensity of ultrasound. The results showed that the esterification was employed with the 18
vol.% of methanol, 2.7 vol.% of sulfuric acid, and 20 L.hr' of MCPO flow rate at 60°C, for
reducing the acid value from 28 mgKOH.g"' to less than 2 mgKOH.g"'. The 96.52 wt.% ester was
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achieved when the transesterification was carried out under the 18 vol.% of methanol, 8 gKOH.L!
of oil, 30°C of temperature, and 20 L.hr!' of esterified oil flow rate. Charoenchaitrakool and
Thienmethangkoon [6] studied the optimum conditions in biodiesel production from waste frying
oil using two-step process. The optimal conditions were determined with the aid of the Box-
Behnken design of experiment. In the first step, the conditions were methanol to oil molar ratio of
6:1:1, 0.68 wt.% of H2SOa4, and 60 min of reaction time at 51°C. For the second step, the 90.56
wt.% methyl ester was achieved with the 1 wt.% KOH, methanol to oil molar ratio of 9.1:1, and
reaction time of 60 min at 55°C in the second step. However, the methanol is the poisonous
chemical reactant in the biodiesel synthetic processes and this toxic alcohol was extensively used to
research and to produce the commercial biodiesel production. Because methanol has several
advantage over ethanol to use in the biodiesel process such as higher conversion, faster reaction,
and lower cost [7]. However, the non-toxic alcohol is the ethanol (EtOH) which was produced by
factory fermentation of food crops. It will be used as alternative alcohol for replacement the
methanol. The advantages of ethanol over methanol are less toxic than methanol and can be derived
from renewable resources. The advantages of fatty acid ethyl ester (FAEE) on fatty acid methyl
esters (FAME) are : higher heat content, higher cetane number, lower cloud point and lower pour
point. This is due to the extra carbon contained in ethanol [7].

Currently, few researchers have studied the direct esterification process to produce biodiesel by

using ethanol instead of methanol. Farag et al. [8] studied the factors affecting esterification of high
percentage of FFA in mixed oil. The conditions used in the study were : 6:1 alcohol to oil molar
ratio, 2.5 wt.% H2S04, 300 rpm, 0-180 min reaction time at 60°C. Results showed that using higher
molar mass of alcohol results in decreasing of FFA conversion. Therefore, the methanol was used
as the best type of alcohol in esterification, however, blending of methanol and ethanol can improve
the FFA conversion as well. Pisarello et al. [9] studied the biodiesel production from the refined
sunflower oil, coconut oil and concentrated FFA by direct acid-catalyst esterification. All
experiment was carried out while stirring with a magnetic stirrer. In preliminary experiment, the 0.2
vol.% Ha2SO4 was carried out to reduce the acidity of oils at  60°C  and 70°C reaction temperature
when the anhydrous ethanol and methanol, and 96% ethanol were used. They found that the
reaction conditions were 18% initial acidity in oil, 15 molar ratio alcohol to FFA, 0.2 vol.% H>SO04
at 60°C or 70°C. Clearly, methanol reacts faster than anhydrous ethanol for the esterification
reaction at 60°C. When reaction temperature was increased to 70°C, the anhydrous ethanol reacts
more rapidly than 96% ethanol. Moreover, the 96% low-grade ethanol cannot reduce the acidity in
oil to less than 5 g OA/100g S.
Consequently, the above reviews induce the objective of this work to determine the feasibility of
using low-grade ethanol of acid value reduction process in mixed crude palm oil (MCPO). The
RSM, a 5-level 2-factor central composite design (CCD), is employed to optimize two parameters
(95% ethanol, and sulfuric acid). The main goal is to determine the response surface model and
optimal condition of the relationship between the acid value of the esterified oil and two factors.

Materials and methods

Materials. Mixed crude palm oil (MCPO) having acid value of 34.5 mgKOH/g, was used as raw
material in the acid-catalyzed esterification process to reduce the acid value in oils. All chemicals
used in this experiments, the 99% sulfuric acid (H2SO4) and the 95% ethanol (EtOH), are of
commercial grade. Analytical grade potassium hydroxides (KOH), isopropyl alcohol (IPA) and
phenolphthalein (pH indicator) are used to determine the acid value in the esterified oil. The thin
layer chromatograph with flame ionization detection (TLC/FID) (IATROSCAN MK-65;
Mishubishi Kagahu Latron Inc.; Tokyo, Japan) was used to analyze the conversions of fatty acid
ethyl esters (FAEE), triglyceride (TG), diglyceride (DG), monoglyceride (MG), and free fatty acid
(FFA) in oils. The physical properties and compositions of MCPO and esterified oil were shown in
Table 1.
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Table 1. Physical properties and compositions of MCPO and esterified oil.

Property MCPO Esterified oil (at 30 min)
Mean molecular weight (g/mol) 772.1  [4] -

Density at 75°C (kg/L) 0.873 0.865

Free fatty acid (wt.%) 15.233 0.358

Tri-glyceride (wt.%) 82.116 78.197

Di-glyceride (wt.%) 2.348 9.189

Mono-glyceride (wt.%) 0.244 0.717

Ester (wt.%) 0.059 11.539

Acid value (mgKOH/g) 34.5 1.621

Methods. Fig. 1 is the schematic diagram of acid value reduction process using the stirred
tank reactor and 6-blade disk turbine (rushton turbine) to mix the oil and chemical reactants. The
physical dimensions of stirred tank reactor were 140 mm stirred tank diameter (Dt), 130 mm
height of liquid (H), and 11.7 mm width of baffle (J). The dimensions of 6-blade disk turbine
were 70 mm stirred blade diameter (Da), 47 mm stirred disk diameter (Dd), 14 mm width of the
stirred blade (W), 17 mm length stirred blade (L), and 45 mm height of the blade from the

bottom of tank (C).
Motor
“\D Feeding port
M Paraffin oil jacket

heating outlet

X Da
‘ Dd

Rushton turbine

=
-

heating inlet

I—‘f—- Sampling port

Fig. 1, Schematic diagram of the experiment setup.

Procedures

The MCPO was heated to 75°C to decrease the viscosity of oils. Heating of the oils and chemical
reactants in reactor was achieved by circulating hot paraffin oil through the jacket around the
reactor for controlling the 75°C of reaction temperature. However, the temperature level must not
exceed 78.37°C boiling point of ethanol. Subsequently, the 1000 mL of heated MCPO was slowly
poured into the reactor at the feeding port. At the same time, the motor was immediately turned on
and the 900 rpm of speed was fixed. Next, the required ethanol was fed into the reactor base on the
experimental design matrix. After 5 min of mixing of MCPO with ethanol, the sulfuric acids were
very slowly poured into the reactor and suddenly started the timer. Subsequently, the experimental
samples were collected at the reaction time of 5, 10, 15, 20, 30 and 40 min. Each sample was
quickly cooled with 0°C water to stop reaction, and was washed eliminated the residual ethanol,
sulfuric acid, and water by water washing. Acid value can be calculated using Eq. (2) [10], and
compositions of the MCPO and the esterified oil were analyzed using the thin layer
chromatography/flame ionization detection technique (TLC/FID).

(mLof titrant )x (N of titrant )x 56.1
weight of sample in grams

(2)

Acid vulue =
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Results and Discussions

Experimental results. Five-coded levels of independent variables (ethanol and sulfuric acid) were
as -1.414, -1, 0, +1, and +1.414 for varying independent variables, as shown in Table 2. In the
experiment design, the twelve tests were employed in analyzing the conditions to reduce the acid
value in MCPO. Table 3 shows the matrix of experimental design, and the results of tests.

Table 2, Coding of independent variables

Coded level

Independent variable

-1.414 -1 0 +1 +1.414
£ : Ethanol (vol.%) 24.6 35 60 85 95.3
S : Sulfuric acid (vol.%) 72 8 10 12 12.8

Table 3, Experimental design matrix and results at the 30 min of reaction time

Run Ethanol, £ Sulfuric acid, S Acid value, AV
(vol.%) (vol.%) (mgKOH/g)
1 95.3 10.0 4.575
2 85.0 8.0 4.325
3 60.0 7.2 6.350
4 35.0 12.0 8.900
5 24.6 10.0 16.000
6 60.0 12.8 4.350
7 60.0 10.0 8.150
8 60.0 10.0 8.000
9 85.0 12.0 3.675
10 60.0 10.0 8.150
11 35.0 8.0 7.725
12 60.0 10.0 8.400

(900 rpm of stirrer, 75°C of reaction temperature, were fixed in all experiments)

Response surface models of results. Response surface model (RSM) was analyzed from data in
Table 4 using a multiple regression model to fit a second-order polynomial equation. It was found
that the relationship between the acid value and two independent variables was obtained in the form
of a squared and interaction model. The models of the two responses are expressed in Eq. (3) to
reduce the acid value in MCPO.

AV =B, +p,E+p,5+ B,ES+ 8,5 + B,SE? + B, ES? (3)

where AV is acid value, £ is ethanol, § is sulfuric acid, and f is coefficient value.

Table 4, CoefTicient values of response surface model.

Coefficient ﬁu ﬁ.{ /)).1' ﬁj ﬁ1r ﬁj ﬁﬁ
Value -43.06 0.825 10.40 -0.198 -0.463 0.000195 0.00841
p-value 0.01214  0.00620  0.00594  0.00299  0.00947  0.0000725 0.00594

(RZ =(.990, Rgad.iusted =(.978, and R* prediction = 0.746)

Response surface plot. Fig. 2 shows the relationship between the sulfuric acid and ethanol on
the acid value of the esterified oil at the reaction time of 30 min. To investigate the optimum
conditions, the excel solver in Microsoft Excel add-in tool was used to solve these conditions (Eq.
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3) at the reaction times of 30 min. From results of solving, the optimal condition was the 81.3
vol.% ethanol, 10 vol.% sulfuric acid, and 75°C reaction temperature. To verify the predicted
model, the acid value was to determine at 0, 5, 10, 15, 20, 30, and 40 min of reaction time with
the optimal condition: 81.3 vol.% ethanol, 10 vol.% sulfuric acid, and 75°C reaction temperature.
The results showed that acid value was sharply reduced from 34.5 mgKOH/g to less than 7.477
mgKOH/g at 5 min, and to less than 1.621 mgKOH/g after 30 min of reaction time as shown in
Fig. 3.

Sulfuric acid (vol.%)

30 40 S0 60 70 80 90
Ethanol (vol.%)

Fig. 2 Contour plot of sulfuric acid and ethanol on the acid value of the esterified oil at the reaction
time of 30 min.

Acid value (mgKOH/g)
(=)
S

;

0 p 10 15 20 25 30 35 40
Reaction time {min)

Fig. 3 Acid value in esterified oil with the optimal condition: 81.3 vol.% ethanol, 10 vol.% sulturic
acid, and 75°C reaction temperature.

Conclusions

The results showed that the 95% low-grade of ethanol can be used to reduce the acid value of 34.5
mgKOH/g MCPO to less than 2 mgKOH/g when the optimal condition: 81.3 vol.% ethanol, 10
vol.% sulfuric acid, and 75°C reaction temperature was used. In Thailand, the ethanol production
was produced from many food crops such as sugar cane, molasses, and cassava. Therefore, it is
renewable and can be produced within the country. Moreover, the advantages of ethanol over
methanol is less toxic, and the fatty acid ethyl ester (FAEE) has higher heat content, cetane number
and lower cloud point, pour point than the fatty acid methyl esters (FAME).
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Abstract

in this study, the high free fatty acid mixed crude palm
oil (MCPQO) was used as the raw material for 100 liters pilot-
scale of ethyl ester production by using circulation through
static mixer. Two reactants: anhydrous ethanol and sulfuric
acid were used to produce biodiesel from MCPO by
esterification reaction. The condition: 100 liter of MCPO, 66
vol.% of anhydrous ethanol, 7 vol.% of sulfuric acid, 75°C
reaction temperature, were investigated to study the ethyl
ester conversion. The mixtures (MCPO, ethanol, and sulfuric
acid) were circulated by the chemical circulating pump. in the
pilot-scale of circulation process, the 500 L/hr flow rate of
mixtures were circulated through the 2-bundle tube of static
mixer reactors, which consist of 7-tube bundle, I m. in length
each. The maximum purity of ethyl ester was 93.46% by
weight at 12 hour of reaction time.

Keywords: ethyl ester, esterification, ethanol, circulation,
pilot-scale
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