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Reduction of Free Fatty Acid in Mixed Crude Palm Oil Using

Static Mixer Reactor in Circulation Process
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Abstract

This research is to study the reduction of free fatty acids mixed crude
palm oil in static mixing using circulation process, with ethanol as the reactant and
sulfuric acid as catalyst. The variable factors in the reaction are: ethanol grades,
amount of ethanol, amount of acid catalyst and reaction time. The reaction
temperature is controlled at 75 ° C throughout the reaction. Reduction of free fatty
acid using 3 types of ethanol grade are studied in 0.5, 2, 5 and 100 liters batch process.

It is found that free fatty acid can be reduced to less than 2 mg KOH/¢
under the appropriate condition with 3 types of ethanol (95% commercial grade
ethanol, 99.9% commercial grade ethanol and 99 AR grade ethanol). Therefore 99.9%
commercial grade ethanol is used in this research. It is found that using 100 liters batch
circulation process through 2 sets of static mixing tube (7 tubes/set and 1 meter length
each) with the flow rate of 500 /h, free fatty acid is reduced from 34.5 mg KOH/¢ to
1.83 mg KOH/g under the conditions: 65.7 Vol.% ethanol, 6.7 Vol.% H,SO, within 20
minutes. It is also found that by using this 100 liters pilot scale, triglyceride can be

converted to ester up to 93.46 wt. % within 12 hours.
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M13197 1 AauauUAnInIenImuazeIRUsEneuTesl It ulaNAY

AauaNUANIINIEN NLAzasAUTENaUYasuUaNAY

Density at 75°C (kg.L™) 0.873
Viscosity at 75°C (cSt) 13.72
Free fatty acid (wt.%) 15.233
Triglyceride (wt.%) 82.116
Diglyceride (wt.%) 2.348
Monoglyceride (wt.%) 0.244
Ester (wt.%) 0.059

Acid value (mgkKOH.g-1) 34.500




A15197 2 AauauTRveenILen

95% com. grade of 99.9% com. grade of 99% AR grade of

AMENURA

EtOH EtOH EtOH
Ethanol content (vol.%) 95 Min. 99.9 Min. 99.9 Min.
Density @20 °C (kg.L™) 0.8 0.7892-0.7896 0.79
Water Content (%omass) N/A 0.1 Max. 0.2 Max.
Alkalinity N/A Nil 0.0002 Max.
Colour (Pt-Co) 15 Max. 10 Max. 10 Max.
Methanol (%) 0.01 Max. Nil 0.05
Residue on Evaporation (%mass) N/A 0.002 Max. 0.001 Max.

gunsal

desmnlunsfinwmesssiazldyanaaedlunsinwmidoulefivnzan
YoanTannIalududasy 2 Useaniieiu fe Yaveasduuluniu Lasnvnaadiuuionay
GAlY

dnfuganaassuuulunulsznousiegavaassuuadnussguinsiusudy
16 0.5 Ans/ads uandluguit 1 galdlumsfnsmeundeulsnismaaosfivnzanvesiont
UBAAULNIAPD Lamuaammmiﬁﬁmmu‘%am‘é 95% LoMLBAINIANITAIANNUTANS
99.9% WazlevNUBANIAIATIERAINLUTANS 99% uazldnsadaiininaruians 98% u
fusefiselunisannsaladudaseluihifuunduiuiiuam Seyevaassiiusznoudaetn
No3YUIA 1000 addns Wuluaudna1e 100 fafluns ANuEe 140 Tadiuns uazdaTufin
newgsngludnines 4 ATu usazaIunIe 10 Taduns Tlunluwuy 6-blade disk turbine
(Rushton turbine) Alluntswauthiuuazyufisemaad Sduinugusnardluniu 70
Tadins wurugudnatsauluniy 47 Tafwes anuninvesluniu 14 faduns Ay
g1nvesluniu 17 Jadluns uazaugseslusinainiuds 25 fadluns & hotplate Ll
ANNITOUNABANITYINUNTEN

yanaaosuuUlunIuIuInUsIUsuuiy 2 e fuandugud 2 Wuye
noapsillflutunourosnismeassmideulafimnzaniignueseniuoausazinsrlunisfine
nsannsalsudasyluihduundui Saseneudelddnawhuiasenannsalutudasslu
ihifuundufveiinfiusm neld 6-blade disk turbine (Rushton turbine) Tunnsnasitsu



wazansiail lnevunnvedaniunay fe dusugudnansvedtaniu (DY) 140 dadiuns Ay
49v8309nU (H) 130 Tadiuns uag AUNIevesnsU (J) 11.7 Taflns LAzIUIAYeY 6-
blade disk turbine fio tduRIugUENa1slunIu (Da) 70 mm, LdusuAudnalsauluniy
(Dd) 47 fadiuns anundvedluniu (W) 14 fadwns anuenivesluniu (L) 17 daduns
uaz Anugsvestuinaniuds () 45 fadlns waedlds paraffin oil sufanuviiujienile
waesouUAIUANaUNNNYRINTYIUGATeN InediEnimasuuin 500 W Tianuseuriu paraffin
oil

dmsuyanaasikuUvianauainusznauneg qumaawmmﬁﬂmiqﬁwﬁu
Buduld 5 ans/eds Fauandugud 3 Hugeneassifldludunouvesnimnasmndeuladi
wangaslunisinwinisannsaleiudaseluthiuurdufudeiniesfnseiuvuvionausadn
i Fadsznaudag SehdfuduAudiues 15 das fuevueauunms 60 Ans fansn
FaWFNUTUINT 20 Gns vienauwuvadn uaEuRIUAUINA1Ye 10 Taduns 817 1 Lwuas
flévioduusiuauauaa n1e 10 Tadiuns 811 15 fadiuns O 180° uHuauALEAURRZEY
solTeuqatusmeyy 90° AaeAMLETMe S1UU 6 Yo wazTauuTvieraLLUATAsaz
vielfleruauANLFeugidAssEneinUfAzen

[

YANAADIMVUONANATATUININTOIUTIRUTSUAULS 100 §ns/ATY A9

a

wandlusudl 4 Wumamasosiildlusuneuresnisndn diiulidu esterified Lﬁal,“f]uifmqm
LiiJG]UIUﬂ’]iﬂﬂ‘U’lﬂﬁNaG]LE]‘VIaLE)aLVIEJi(ﬂ?EJLﬁi@\‘i‘ﬂﬁﬂimLLUUVIE]NﬁSJﬂaGIMNu’JuG]EJIU 9
anunsanEn 1suldu esterified THAY 10 Ans/ads Usznaude Sahduunduiu Saom
weA faNIATATIIN viewaNLUUATH YuAEURNUANENA1e 10 Tadiuns £13 1 e Jd
maNamLwamﬂmﬂgﬂsa'nﬂul,l,muameaa N33 10 dadiuns 813 15 daduns Ua 1800
LHuALA LA ALz TUABITaNYAN WAL 900 AABAAINNEIIYIE MUY 14 viewau lag
wusdu 2 nquvieyalng) dvionaudiuiu 7 vienausenguvieyalvg wazilawiuiuvionay
wwuadausaznguiionuauaufeugyideseviniiten Tnenauaisieduansied
LUUMUIY TaansranazlnaiuyionauuuUaATWIAAIILYEY 1 1UAT 911U 14 vioHa

MUPNIINNS A 500 AnsHaTIlua



Motor

Sampling port

Aluminum foil J

Shaft

T Baffle
¥

"
Hot plate M
| |

(%

SUT 1 UARIUNUAMYBIYATUIAUTTRNTUTUAY 0.5 Gns

Motor
Feeding port
Flange [
M—D Paraffin oil jacket
—
Shafi
: ‘ ey ok heating outlet
Baffle | 4 e
Dt Da

Rushton turbine [7:7
Rushton turbine

\Dﬂjl: L
L--Samplingp{.urt

JUN 2 ULanURUNINULAZYANARDITUIAUTIRUSUTUAY 2 80T

heating inlet




)
2

TC
T1

XK IXE IXE IXKIXK
XK XK XK IXE XK

IO XK XK X

(
\ IXEIXEIREIXEIXET

HT

P1
JUN 3 ununmuanagaunsaivienasadaiuuniwulunsaansaluiugasyluhdulndy

furdafiusuuaussinduisudu 5 ans
(T1: S duRuuasdnhufise) T2: Suevuea T3: fansedaflain P1: Hamsguou p2:
Hurnan P3: Junsadaiingn HT: Bvmnes v: 11da TC YAATUANRANNN SM: vienauadin wae
S: funuaAUiIeg1)

STt 4 gaufnsanienauaiinuuumsulunisvanssmsannsalutudassluiiuduiu
usmviinnsnluiudasyas
(1: FrhsuUduiu Yuin 180 an3, 2: DaLavIUea VUIA 70 aRg, 3: S9nIATanasn wua 20
An3, 4: vienaNLUUARR S117U 2 nauviewalvia), 5: TuasAfuuunLLIL ua
6: fafutiiuannsn)
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ABNIANLUIU

niAfeddnwnsruunisaansalududassnnintuduiveiansalodiy
daseqe Insldlenuoalunisyufisoneamnesfindusuindududv fdunounis
Wisuiflsudnenmvedioniusausazinsalunisviufiten Fauseneusie leviusainsn
NSAIANLUTANEO5% LoMNLBALNIANITAIANLUIANS 99.9% WazlenTuaaInInILATIEY
AUV 99% wasAnwdeulamanzanlunisannsalududassluihiuduiu el

1. maGsudisudnenmuasiemusaudazinsalunsiujiseeamasiiaduiusiy
Uauay

msfnwvnveuwmReuluifanudululivesmsannsalusiudass sens
fsandeninsaoniuea lngdmuasulsinasenisannsaluiudasy veudoulunis
NAABIAD NUUAAIULIITOULBLMDS DU 500, 700 tag 900 SOURBUI ﬁmumﬁmmmmﬁ
Iﬁi’ﬂumiﬁmg‘jﬁ%mﬂu 6,8, 10 way 12 %lasUsu1ns was nvuaUsSuaentusaLdy 20,
30, 40, 50, 60 waw 70 %lneUsanms lagldyanaassuaussytdiududu 0.5 Ans dauang
lugufl 1 maneasaiuanmihsiutrdudu 0.5 des addulnines uarluvmzderiuiile
hotplate wieliaudounazidanainesivuaainusiseuaiufieonuwuu Tluianau
ﬂizmaqmmﬁLﬁaammmwﬁmmﬁﬂﬁu iﬁi’fmaﬂuﬁma%’;’mqmmﬁmmﬁﬁﬁmﬁaqmm:ﬁ
Uszannd 75 °C mevusaasiunanludninesmaTinaiiosnuuunisvmaass faevuoady
ﬁﬂﬁqmmﬁ%qﬁﬂﬂuamm seaungungiusEana 65 °C InnsadaiininuIununiud
sonuvvadludnnesi 9 waziiudunaiuiinizudunsa lnsauaueumginasanisii
UFA3enT 75 °C uanfusenadutisnamaiioonuuy mafudegnamnadaivhesndly
ngamsifaUFAzedenisutludnibulasiuil vdsndunedisliigumnifes wldnsae
uenuazineTendsdis wiidedneinfeuauarein thlulasmsmmaemudunsafivaunde
ogfvasazarslnunadonlensonled dsamnsaduinldanannis 1 waziingey
939AUS¥NBU Ester, Tri-glyceride, Free fatty acid, Di-glyceride wag Mono-glyceride Tu
ijlﬂﬂuﬁwl,wﬂﬁﬂ thin layer chromatography/flame ionization detection (TLC/FID)

YSunauansavanefly (ml) X adnuLguduansazana(N) X 56.1

AN A(mgkOH/g) = (1)

Umindumeens(e)

deldideulunismeassidululslunisldionueaudazinsnannsaluiy
sasrluihifuliduiv YvevwadeuludndnnieenuuunisnnaswarAneidoulunis
naasslayly Response Surface Methodology (RSM) wagldununisnaassuuy Central
Composite Desien Inefnwnduusiisesusng q 5 seiu fuds 2 fuds qzilvienun 12 M3
VAADI UARIAINNTIIT 3 6'?}&%ﬂaaqfﬁhstqmnﬂaawmmmiaﬁwﬁuﬁué}’u 2 B0 Fanandugui
2 manasosiuanifuisiuliduiu 2 Ans adudehuiise Tususfosuiidnsnnesls
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au¥eu paraffin oil wazidatuvsuiu paraffin oil liieguihdulduAvuanlauaines
900 souUsiaundl Ifinesluadnaruguaamaiinaennisvitufisend 75 °C ilogamgi
Uszanas 75 °C imenueaadlunanlufiiujisenauuianaiosnuuy seaugamgl
Uszana 65 °C innsadafilinUiunasauiieanuuudh 4 adudsiuiter uasiiuduian
TfiTEIANNTA uaziiudegnamn 9 10 und a¥yay 40 Tadans maen 40 I Tnsnsiiu
fhogamnadadosihiegnutaduinfulasiui udsndunislidenmgive wdunld
nseusniazdevendeiis wdadsdethiouauazenn dilulnsmsmmaranudunsadi
nasvdongldfeasazarsnunadoulansonles uarinzimasdusznauthiuldde
wAlAYS TLC/FID

M3l 3 Roulunsvaaesdunsinsuiisufisudneninvesenusausazinsnlunis
annslvifudasyluthduunduiu degaufnsaiiouluniu suausspinsuiudu 2 es

Run Ethanol, E(vol.%) Sulfuric acid, S(vol.%)
1 95.3 10.0
2 85.0 8.0
3 60.0 7.2
4 35.0 12.0
5 24.6 10.0
6 60.0 12.8
7 60.0 10.0
8 60.0 10.0
9 85.0 12.0
10 60.0 10.0
11 35.0 8.0
12 60.0 10.0

2 msanedeulafimunzaslunisannsalududassluhdulduiu
dloldnsnvenenueadimunzay wazideulunisvnaswesnisidienivea
Tunrsannsaluudassluisiuduiuiivmnzauudr tideuleingnumveuwnnis
nnas IneivuasuUsiidnarenisannsaluiudaszie fvuaUSunansadu 2, 5 wag 10
%lagUSUN9S wazivuaUSuiaeniueaLdu 30, 60 way 80 %lagUsuNnS levaUuLRNIS
neaesiutesnwuukasAnydeulunisnaaeslagld Response Surface Methodology
(RSM) wazldusun1smaaeauLuy Central Composite Design tngfinunsuUsisesiusg 4 5
seu FauUs 2 fuds asiivianun 12 Mavaaes wanafannsed 4 Tneldgamaaosnuss
hifudusiu 5 803 duandusuil 3 Buarnuminulrdudu 5 das adufahduuduiu Ty
vauseafufidadumsuihifulidudiu (P1: GRUNDFOS ALLDOS DMX 50-10 circulating
pump) uaglignimes (HT: heater 500 watts) ﬁwamimamuqmqmmﬁmﬁ 75 °C napAnIs
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Wnunsen uazLintonueaatludaeniuoausuiunudmusnazsladueniuea (P2:
GRUNDFOS DME mixture pump) feulemusaivenauainiisnsinislvagean 37 dnsse
Hlus TuﬁumzLﬁa’sﬁ’uﬁ%%ummuﬂfwﬁuﬁuLLazL%%ummuﬁ’]ﬁmaﬁswﬁé”m’mﬂwa
g9an 56 Anssiedalug uaziinnsadaiiainasludsnsadaininuiuamuieuly dunngile
UTinuvesemuealuduemusagatioudnssuunyuiunuawdidaladutdeunsadaiingn
(P3: GRUNDFOS DDC sulfuric acid pump) ﬁﬁmwmﬂwaqqqﬂ 2.5 Anseadilug wauSudu
namsThuiAsedudiuiunsedaiinin wasiudedsihdunn 9 5 uid efsas 40
fiadans maen 60 wiit Taennasadonidmetsudluindulaeiui vdseindunaiiiy
fhogaislifgungiviesudnilumlanmousnuasdiovededis udahndedethiouay
azo1n lnsimsnmarenandunsafivasndesyssasazarslnunaidonlonsonled uas
Anszdmesduszneutduldfemaiads TLC/FID

mseft 4 Jeulumsvaseslunisannsaluiudasyluhifuunduiuieesosfnsoivionas
ANALUUNLUIU mummaqfwﬁuﬁluﬁu 5 803

Run Ethanol, E(vol.%) Sulfuric acid, S(vol.%)
1 60 5
2 95 5
3 60 5
4 60 5
5 85 8
6 35 8
7 60 1
8 35 2
9 85 2
10 25 5
11 60 5
12 60 9

IfSeulunsnnasivesnisannsaluiudassmeindesufnsaivienauadn
wuuvANAUsIRisudady 5 dns winhdeuluiinanufnmnisannsaluiudase
yei1sesfeyavaasssuIAUTIgindusuiu 100 as Fauandluguil By
Unduiu 100 Ans adludaiduliduiu Tususfeatufidatunyuhiuunduiuisn
mslva 500 Anssiadnlus uazdaBmines vu1a 2,000 W uazilgunsaifindednaearugy
punginmeludmauuuunguiuvieduhduldufunaonnisinufazeliaed 75°C way
WFiutenuea 66 ans (66 %laeU3anns, Reulvanmmeassieynufinsaivienayainuuin
TNy 5 809) adufionues wasdandrtleuonusadiwsnsnisiva 495
dnsriedalus dunegilleUSinamesenuealuiaeniusagniouinssuunyuiumuaud s
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Funsadaiiainas 7 ans (7 %laeUTuing, Reulvannismeassneynufnsabionavadn
mummif\;ﬁwﬁuﬁmé\’u 5 dn) adlufansadafinin uaziudunainisiufazer iudinis
nsadaingn Tagalunsiuiisendusuusvesmmaaes Feagimusszeyiianueanis
yuiRTendu 0.5, 1, 2, 3, 6, 9 uar 12 $alus uarlumsifiudegnamnadsiosihseensly

[ V)
Y

wilutiBulpeiiuiiitevgaU fAsomdaniuisidiusegefislifgungives wldnae
LL&ﬂﬁﬂﬁﬁfﬂ%qa&gé’mdwﬁa wEhindadeihdeuasuazenn thldlasimsnmnaranudunse
Faundoseasazarelnunadeulensenles Sinszimesduseneuiingudemaieis
TLC/FID u,azﬁwiﬂ‘mmaawmm%qw%‘%aLaama%éfaem%ﬁamaau Fourier Transform
NMR Spectrometer 500 MHz, Model: Unity Inova, Varian, Germany #38 NMR

3. MFIATIZHA2DE9

3.1 MsAeszvmnusununsalududdss

msasimaanudunsaluiegrsitulunmsdneildianisves The
American Oil Chemists' Society Method Cd 3a-63 for Acid Value (AOCS, 1998) lau i
Supoudsll

1. wisnasazarelnuwna@edlansenles lnvavarelnunadeulsnsonlyn
nulelaldsniusamednsidrulnunadeulansenlen 2.8 nsu relelglisniuea 786.9 nsu
(AMATLTY 0.05 WBsHeA)

2. Mam‘fﬂﬂuﬁ’;ashﬁﬂummgmmmjﬂizmm 0.6-1.0 N34

3. voalelelusnuen 6-8 veaadlunanfuisilurngrugudaelid,

4. neafluadnnidu 3-5 e askunauiuingdu waglalalusniuea wenln

5. loswsnansazanediegnneansazanslnunadon  lansenledinien
11 ey q noaasazarslnuna@enlansenlenasluaisazaisdeodnedi o wagiugnegis
ussaunIEnsaranefieEsazsuUAsuA Tudviysounaiiuszinm 30 3uil wdandudin
AUsinmuansazaelnunadenlensonlediivilviansaraneseraldoudifudumseu

6. meaudunsafenisiuiaanaunisi 3.1 Taed walulanaves
Inuvageulansonlunme 56.1 nJudelua

32 n1s55ias1eRnnesdUsynavludndudlemaiia thin layer
chromatography - flame ionization detection

1. guihifuanenumiiailawdesiinsginesdusznau

2. \wenans TLC 1 fiusznaudne wenwu laefiadmed wavnsanlesin sy
§nsndn 50:20:0.3 TneU3unas uaziesewans TLC 2 7iusznaudie eniw wasiuudy au
dnsaiu 1:1 lnedsunas
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3. w3enthtuieds TnawIeuenau 0.75 fadans aslunasn lite touch
WEmesinsusegne 1 nemadluenuglrdniu

4. veatinfegeinIenliasuy Chromarod wagth Chromarod luugly
413 TLC 1 seauansindeudild 80 dadwns udniluudluans TLC 2 deseauasindouiily
100 dadlung

5.1 Chromarod fiug@1s TLC 1 wazans TLC 2 udqluausisiaias rod
dryer TK-8 figausgil 105 oC Uszanal 10 il

6. 11 Chromarod lUBas1zriasAUsznousieLA3os Itronscan MK6 3935015
Hiunsuenansusazaiingresnsinisiedoudinldwindy wazwdudwedlusufiuenoen
nfuseds flam ionization detection Taglda1niafisnsinisiva 2.5 ansroundl uazld
elasudisnsinisiva 165 ansaeund

4. NMINFULUUANNMSIUNEANUTUNUS

msfnwieulunisnaasidigds response surface methodology, RSM Tu
mswideulafiinrauwazaunisauduiusvesfulsdasyusudsaulagld Multiple
Regression iszsupuidiotiu 95% wariansanaunisdanaviliiveddyoen Fadanale
271nA1 P-value 61 P-value §iA131ANI1 0.05 wansIwaudsnanluiidediAyse response
@A P-value founin 0.05 Ifuddysoaunsviusanuduius sUuuuaunsild
annsalladensiiuianovaues (response surface) kagns1w contour veadeulunis
naaoslutensuUsamulsdasziaznanauauasle

5. Mamanzivanzaungalunisaalsuunsalusiudase
Asmanemunsaulunisannsalaudass ludiuuiauauiusiusin

1%
o

n3nludiudasegeaunsanm liaInNnITLAaNIsYIUIeANUFURUSTIAIL1 YNNI AGN
wUsdaseiie 2 1a AeUSunatenusauazUsuunsadailain lnguiaunismiy excel solver
Feagnelurauiuneulefinivun wdadwihnimaaeniagiieuduleulunisinuisen

PlAANNISWAFNNITNTYINUNY

NANNSNAABILAZ I TS

nsfnwudeninsaieniuea amnsaasuidenanuiiseuiivanzanly
nsAnuTl 900 seuseunl uagldvauinaieulunismaasafiseenuuuwasfinwdeulunis
naadlagldis Response Surface Methodology (RSM) wagldiuunisvnaasiuuu Central
Composite Desien Tnglunisnaaadazyinisanuiulsiisedusa o 5 sedu Anwiduds
2 s Ievanun 9 Seuly 12 nsveassdudanslumseit 5 wazuaniswasuusdasyly
msnmnsideninsmeniueaseyeuinsaluuuluniufauandlumsnsi 6
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M15197 5 Lanadoulun1snnaeIveInIsannsn bluiudaseAiglenIuealnInnNIsAIAIIY
UGN 95% LONTUBANIANITAIANNUTANT 99.9% LAzl WeANIAIATIENAIUUTAND
99% lagaunsaluuluniu WaUTIUIEUAY 2 G0s

Test no. Ethanol, E (vol.%) H,S0a, S (vol.%)
1 95.3 10.0
2 85.0 8.0
3 60.0 1.2
4 35.0 12.0
5 24.6 10.0
6 60.0 12.8
7 60.0 10.0
8 60.0 10.0
9 85.0 12.0
10 60.0 10.0
11 35.0 8.0
12 60.0 10.0

=] v a A =< U A L
N19149N 6 LLﬁﬂﬂi‘Viaﬁ]'JLLUiE]ﬂ?SVIIﬂUﬂWiﬁﬂ‘UWﬂ’1514@@@\‘]%@\‘1ﬂ’]iaﬂﬂiﬂlﬂmu@ai%@'JULEWI’]
uaami@mimmmmawﬁ 95% LE)‘V]’]‘L!E)@Lﬂiﬂﬂ?iﬂ?ﬂ'ﬂlmiﬂﬂﬁ 99.9% WazLaNIUBdALNTA
'JLF’]?]%MV’TJ"IQJUE&VW 99% Iﬂﬂ‘ﬁﬂﬂﬁﬂimLLUUIUﬂ')u wmmmummimu 2 ang

Independent variable Coded level

-1.414 -1 0 +1  +1.414
E: Ethanol concentration (vol.%) 24.6 35 60 85 95.3
S: Sulfuric acid concentration 7.2 8 10 12 12.8
(vol.%)

LﬁaﬁﬂmimaaqmuL’ﬁlaulmﬁ'aaﬂqummﬁzﬁmeﬁaqﬂmamswmaawaa
maammmimﬁu@aﬁzﬁ’amamuaaLﬂsmmiﬁwmmﬂ%qwé 95% LONIUBALNTANITAIAIY
U%a‘wé 99.9% LLazLamuaaLﬂﬁ@%lmwﬁmmu'%awé 99% Toeifusethadutiaian 7 10,
20, 30 WAz 40 U7 WARIHARINISIIT 8 L:uamumJammmwmaammimﬂgﬂim 75 oC
way mmmaLmaﬂumuiwmmumammLiasaumw 900 58UADU Gm"l,wamsamﬂim
lsumuaaiﬂuumumammwuwmmagiume 13.025-1.117 mg KOH/g $awaa1nn1s
AATEIUSHIUNIA LU AT L ANULAUNNTNAABENNNT VNI AN NFURUSTE INeUS U el
ninlududaseiudwdsdaseliaunissusuu quadratic polynomial lagld3s multiple
regression leaun1suansnuduiusiandluaunsi 2, 3 uaz 4 wansAnduUsTANSUAN
IR RVOIENNTT 2-6 Fan519d] 760@@Lamuaamsmmsﬁwmmﬁqwé 95% LONUBALATA
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NNIANANUTANT 99.9% UaLlaNIUOANIALATIENANUTEVE 99% auaau aguladnsa
wU59a5An USunaeyuea wazUsuiunsadailisn duarenisanaswaslsuiunsalasiy
daszluiuududu

AV =p+p E+p S+B ES+BS'+SSE +SE S’ ®)
AV,=p +p E +p ES+p ES’ (3)
AV,=p+p E+p S+ ES+pS"+BSE +SE, S’ @)
L?jEJ AV aEJ ﬁiwmwmﬂummamamﬁmsﬁ Lﬁ@I%LEJVI’mEJaLﬂi@lﬂ’liﬁ’lﬂ’s’m

U3avis 95% ViUFATen

AV, Ao marudunsaveswdnsud deldeniusainsanisdining
U3avs 99.9% vufRTen

AV, Ao manudunsavewdndue Weldlenueainsainsizsiainy
U3avis 99% ViUFATen

q

o,

a

E1l ) Lamuaamimmiﬁﬁmmﬁ?jwﬁ 95%

o,

E2  f® LeN1UeanIANISAANNUTENT 99.9%

s
a

E3 A9 LONIUDANIAATIZIANNUTENE 99%

S Ap NIATaNISN

B fo mduussdns

Paun1syuIgANNFuTuSTeIUSInansalusudas AU sdase luas e
A5 contour slduansnnuduiussening UsinaemnusanasUsunansadainsniidina
AonsanasvesUsinansaluiudassfidn1isminzauesonusalazinga é’]’ummﬂugﬂﬁ
5,6 uag 7 GUENLamuaaLﬂimmiﬁﬂmmu‘%qw‘é 95% LamuaaLﬂmmsﬁﬂmmu‘%qw‘é 99.9%
LLazLamuaamimﬁmiwzﬁmmﬁqw‘é 99% AIUAIAY
A1519R 7 uansAduUsYavs U saaRTeELnS 2-4

Coefficient Value p-value

B (3) @ @ (3) @
Bo -43.06 6.527 -84.14 0.01214 0.000314  0.00799
b1 0.825 0.000911 1.407 0.00620 0.02039 0.00707
B 10.40 -0.02884 17.82 0.00594 0.00653 0.00662
Bs -0.198 0.00148 -0.303 0.00299 0.00709 0.00547
B -0.463 - -0.808 0.00947 - 0.00978
Bs 0.000195 - 0.000211 0.000072 - 0.000725
Be 0.00841 - 0.0131 0.00594 - 0.0098
R’ 0.990 0.752 - - 0.959
R adjusted 0.978 0.659 - - 0.910
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5.0
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i ' < a Y o ¢ a a U a av v [J
JUN 5 uansrnanudunsaiAvesdduldufuiiiunisannsalududase ileannisvia
UFATEIMELENIUOANIANIIAIAINUTVD 95% wasnsatatisnusunasineu Tdanly

n1syiUGAse 30 wi

b3
[

Sulfuric acid (vol.%)

R S
e

Ethanol (vol.%)

i ' [ A v o s a a v Aa av v o
JUN 6 uansAranudunsanAvesiuUdufuiiiunisannsalududase ildannisvia
UHATEMNELENIUBAINIANTITANIANNUTANT 99.9% uaznsadaiiisnusuiasieiy Tdianly
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Sulfuric acid (vol.%)
© S

0
—— 0 \%

30 40 50 60 70 80 90
Ethanol (vol.%)

i ' < a Y s a a1 v a av v o
JUN 7 uansenanudunsaniAvesdiiuUduauiiiunisannsalududase ileannisvia
UFATEIMELENIUDANIAILATIENANUTANG 99% waznsadaiiisnusunawaiu Tdaily

n1sviUGAsen 20 wi

A U A g LY & a a Aa
anneivizauvenisaansalududassluddulduavetiafusiungden
anudunsatiosndn 2 mgkOH/s dmsunsyuiunmsieame3anduiueg fuaunisnisvineg
o v ¢ I . A o Y
AUENLS Falluuuuaunisiluwuy second-order polynomial waziilownaunisluasa
WURINBUANDY UAENTIN contour NUANTIETIMANEALYDLDNIUBANTANITAIANUUTES
95% Piouluieniusa 81.3 %laeUung nsndana3n 10 %laguiuns 1Ia1vihujisen 30
WY LONIUBANIANITAIAINUTENT 99.9% Nidauluieniuea 77.2 %laeUTuins nIn
Fana3n 9.8 WlasUSuns 1IaWUHATEN 20 Wl LazleNIUALNIAILATIENAIINUTAND
99% Paulvieniuea 78.4 %laeUsung nIaganazn 11 %lasuiuins a1 jisen 20
] a o aaa a o < a ! =
Wil Ingmuanmniinaanni1syUATeAsi 75 °C uagmusisouasil 900 seUseulil
Juannziimuizauiigalunisannsalaiudaszainundulrdufiueia vy waninandn
VBIARZAITNAADIVDUBNIUBANTANITAIAIUUTENT 95% LBNIUBALNTANITAIAIY
UIANT 99.9% WALLENTUDANIAILATIIANNUITANT 99% nasainnsheniaiiiafinnug 1
TuUdNAuIAY 100% ASluaI51991 9 LazlanIldNIINKANTIVFDUDIAYTENBULSIAL
fogalunsiaziauly Y94eNIUBANIANIAIAIINUTANT 95% LOVNURALNTANITAIAIIY
UIANT 99.9% WALLONIUDANTAATIENAINUTANT 99% HLATIENMETT TLC / FID A9
wandlum1399 10 wae3UR 8, 9 wax 10 uasldesdusenouresiniiu esterified meldtouly
NANAAYBLNIANUANANAUYDLBNIUDR FIN15197 11
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AN51971 9 LARINAKANVDILAAZNISNIARDITBABVILBANTARY | NEIINNTHENWAVBINTT
annsaluiudaseluhiuunduiuiivslneedesufnsaiuun six-blade disk turbine
Yield
(vol.%)
nsannsalusiudaselutiniuunduiuiiusiudisieniueansanisfiaang - 115.1
U3avs 95%
nsannsalusfudaselutsiiuunduiuiusiudiseniusainsanisiay 114.2
U3avs 99.9%
nsannsaluudaseluinuurdufuiiusiudseniueanseinsiziany 1180
U3avs 99%

N3ITUIUNTT

90
pVanu—
80 @)= Ester
—Xx
70
—= TG
60
L 50 —fll— FFA
E 40
DG
30
20 —— MG
10 S R
ey acid value
0
0 10 20 30 40 50

reaction time(min)

JUN 8 uansesAusEnauvesiuduAuHuNsannsaluiudase lgannsiu]isen
AILLEVUBALNTANITANAIINUTENT 95% MLIa1N1VUATeee 9
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JUN 9 uansesAUsEnaUvRIliuURLAUNHuNSaansalududase Aleannsiu]isen
AILLENIUBALNTANITANAIINUTANT 99.9% TIa1NTvInUGATEwN4 9
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70
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o 50
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M19197 11 uanesrusznaueuiiu esterified neliReulunfnanvesnsniiunneneiu
UD40911108

Esterified oil under optimal conditions

95% commercial 99.9% commercial 99% anhydrous

Property

grade grade grade

@ 30 min. @ 20 min. @ 30 min.

Free fatty acid (wt.%) 0.857 0.569 0.571
Triglyceride (wt.%) 76.699 75.393 75.058
Diglyceride (wt.%) 9.189 8.807 9.201
Monosglyceride (wt.%) 0.717 0.777 0.439
Ester (wt.%) 12.538 14.454 14.731
Acid value (mgKOH.g™) 1.621 1.192 1.278

nseenuuuMIMRaeImMsannsalududaslnisuunduAveiefusiuditian
nanlusiudaszgdlifiantooni 1 selnsdwiinlagldiomueainsanisianunians 95% Lo
NIUDALNTANITAIAMLUTENT 99.9% uazieviuoalnsadnsizviauuIans 99% lu
nsgvIuMseamesiatu waglddeniunanuuuluniu six-blade disk turbine Wa15047
Usuaunsldieniuea Ysunansadanisn wastiiarlunisinujisen nuiinisldieniuea
WNIAMIEANLUIANS 99.9% lHUTunaiesfigadloIesuiisutuioniueadnasssin uay
THU3uunsadaininduiussufizondesiian amnsoandinnuduninain 34.5 mg
KOH/g widte 1.192 mg KOH/g Anléliu 96.549% 91nFudu meluaaviiufisen 20 wiit 4
Saninisldloniueainsan1sdiauuIans 95% uazlovuealnIaiiATIEiauUIans
99% Fsluannedanannuit nslflemueainsanisdauuians 99.9% liaunisns
yhuweeuduiusseninaUiinunsaluiudassiufulsdaseia 2 9innsieseidieis
multiple regression A1 coefficient of multiple determination A1 R? = 0.756 152 & U
Anadosiu 95% Tasarnaunisarunsnadieansiufineuaussuaznsm contour 189
Usinaunsalusdasziuieulumsmeasdutiemsuusadudsdase Thdoulvivmzan
fanlunisannsnluiudaszanirduindufvedaiiusm felenuea 77.2 %lngU3ung
n3ndaiingn 9.8 %laeUsuns gumgll 75 °C wazmunaNAsinasansynUFATeN 900 soU
hiYal]

Mnuanaaendeninsmeniuealunisannsalutudassaniifuurduiv
yiafiusn asulditeniueainsanisienuuians 99.9% Wunsafvsngauiian wazi
Foulvildidessumnnunisiufisedegnufnsaiuuuvionauadamyuon Tasufazen
wameiinduiiieannsaluiudasyluhfuurduivlsdinir 19%laethuiin wuinisi
UFAevesieniusainsanisianuuians 99.9% melditoulueniuea 80 %lneU3anns
annsaannsalusiuldFfign wifiuSinaneniueaiiauwnfe 60 %lagU3inas fansaand
mnundunsalutsiudnduauldmngi 2 me KOH/g Fudomeniusa 60 %lasusuas 1u
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goulmieulaniseenuuunsvaaes warAnwideulunismaasdineds Response Surface
Methodology (RSM) wazldunun1snaasiuuu Central Composite Design laglun1snnass
azvhnsinefudsfissausiie 4 5 sziu 2 dauds Taranun 9 Weuly 12 msveaseds
wanslumsneit 12 uazlduanssiasulsdassildlunsanuilunddfuandunsed 13
LAZNABDIILATIENETUNANTITNAABIVBINITAANIA lUTUBATE A8 1N IURANIANITAIAIY
U3aws 99.9% LAuogne un 9 5 unit iunan 1 92l Wikan1smeaes wansieansnsd 14

A15199 12 wansdeulunisveasslunisannsnludiudasgluthduUiausisinisslnsaivie
HANADAWUUMLUIY VUIAUTTUTUSUAU 5 80T

Test no. Ethanol (vol.%) H,SOq4 (S) (vol.%)
1 60 5
2 95 5
3 60 5
4 60 5
5 85 8
6 35 8
7 60 1
8 35 2
9 85 2
10 25 5
11 60 5
12 60 9

P L a = = v Aa S o & v dl'
M19199 13 wanesiadiuusdasenldlunisnwinisannsaledudasyluhduiduiienses
UnsalvianauainluunyuIu YWIAUTIRNNUSUAY 5 03

Independent variable Coded level

-1.414 -1 0 +1 +1.414
E: Ethanol concentration 25 35 60 85 95
(vol.%)
S: Sulfuric acid concentration 1 2 5 8 9

(vol.%)
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nansvaaewis 12 deuly aansadnssimdeulaiivnzauuasiinong
wluglamenisvin Multiple Regression ImaivuaAiauaansaannsalusiudasylaidu
Response #491nMsiaszsiléidon Response Muunzauiiiawiiizen 15, 20, 50 waz
60 Wit Llefinnsandien R2 wnlng 1 fiseiuanudesiu 95% Wie R2 whlnd 1@nndn
0.8), R? for Prediction 111111 0.65 WA R’gjused 11NAT7 R for Prediction laaunis
auduiusiandluaunsd 5, 6, 7 way 8 AU udne Response Surfaces Fauansly
gih?i 11, 12, 13 uay 14 auddu Faaunsowaninisiiieudioudsunaeasadiildlunis
ﬂﬁﬁ%mﬁafummmiaﬂmmmLﬂummlé’whﬁ’u 2 mgKOH/g ﬁszammmsﬁwﬂiﬁ%m&hq 9
Y8INsAnwINITaANsAluiudasemeynUinsalvionatafnuuunyuIu SIJU’l@Ui'if\ﬂj’lﬁu
Budu 5 dns faguil 15 Fadefiarsunyiuanisldasiaiivazszernatlunsiufisen
WU UGATEN 20 wnil TH Response Mnunzauiian Tagliidn R infu 0.999,
R justed W1TU 0.998 Uaw R? for Prediction wiriu 0.975 lédeulun1svinufATevanyay
Tunsannsalududassied leniuea 66 %laeU3uns wasnsadailasn 7 %laeusunns Ju
L‘ﬁlaulﬂﬁmmsauﬁqm 419 Response 1fu 1.241 mg KOH/g wilesnapnudesiuainnis
vhungvesaunsilvialndiAes 1 flan

2 2 2
AV15mm = ﬂo + ﬂl E+ ﬂz S+ ﬂ3 E + ﬁ4E5+ ﬂSE S +,36ES (5)

AVZOrnin = Igo + ﬂ1 E+ 132 S+ ﬂ3 EZ + ﬁQSE + ﬁSEZS + ,BéESZ (6)
Ao =B BEcf E B Est BT BES @)
0 1 3 q 5

50min
AV :ﬂ+ﬂ52+ﬂ S+ﬁE (8)
60min 0 1 2 3
o o o Lo an
15199 15 LAAIANFNUIEENINUAINIIEDRVDIANNT 5-8
Coefficient — © e @ ® B © o @ ®
Bo 1332 1332 1.160 4.929 001124 001124  0.121 0.0000018
B 0.718 0.718 0.152 008824 | 0.00179  0.00179  0.00174  0.000130
B, 3913 3913 0.00142  -0.773 000176  0.00176  0.00174  0.000408
B 0.00490  -0.00490  -0.04506  -0.01576 | 0.00414  0.00414  0.000062  0.00582
Ba -0.188 -0.188 0.130 - 0.000430  0.000430  0.000027 -
Bs 000114 000114 0000384 - 000165  0.00165  0.000146 -
Be 000393  0.00393 - - 0000101  0.000101 - ]
R 0.981 0.981 0.962 0.898 - : ] )
Rogisea 0959 0.959 0.931 0.860 - : ] )
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11 wansaanudunsavesisfulduiuniunsannsalvsiudass alaainnisvia
UR3esgevueataznsndaiiisnUsuasinaiuy Tdnalun1sinufizen 15 uii

, 3/6/ / //\ \
N

%)

6 - 4

5 —/ 2\

\
: ? /4,//\

30 40 50 60 70 80 90

Sulfuric acid (vol

Ethanol (vol.%)

Acid value (mgKOH/g)

U 12 wansananuilunsavesisfulnduiuiniunisannsalviiudass alaainnisvi
Ufnsemeienueakarnsadailisnusunasieiu Taalunisiuasen 20 wi



Sulfuric acid (vol.%)
S (3]

1 e 3
30 40 50 60 70 80 90
Ethanol (vol.%)

Acid value (mgKOH/g)

JUT 13 wansranudunsavestihffududuiniunisannsalududase aldannisi
UR3esgevueataznsndaiiisnusuasinaiy Tdnanlun1sinufizen 50 uii

Sulfuric acid (vol.%)
o

Ethanol (vol.%)

Acid value (mgKOH/g)

JUN 14 wansranudunsavesifuhdufuiniunsaansnluiudasy aldannis
UfnseeienueatarnsadailiinuIunasieiu Taalunisiuasen 60 ui
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o)
o
o
o3
o
o

Ethanol(vol.%)
Sufuric acid(vol.%)

= N\ Es
15 20 50 60

reaction time (min)

iﬂ‘ﬁ 15 LLammiL‘U‘%EJULﬁauﬂ%mmmamﬁﬁiﬂumiv‘hﬂﬁﬁ‘%mﬁmmmmiam’]mmL’ﬂu
ﬂimlmmmU 2 mgKOH/g VlquJuL’Ja’m’ﬁmiJgﬂimmw 9 maamiﬁﬂmmiamm@ﬂ,ﬁumuaaiu

m%mﬂgmmwamamamwaumu “UU’WﬂUiif\]um‘ULﬁJ@u 5 803

Sovhnmmeassmudouluenuea 66 %lasUiuns waznsadailasn 7 %
TagUsums LLazLﬁuﬁaaﬂwjﬂﬁua@m@ﬁmaﬂﬁﬂﬂg_‘jﬁ%mﬁ 5, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55 wag 60 U1 wmwinmmﬂgﬂim 20 U mmmamm@lwuaaiumu 1.35 mg
KOH/g slndAsarueildanaunisvitune response Fofinnsanszezialunisuondy
sgrininduannaanazveadeudsnniuiisorluduneunisannsnlusiudassreninty
Unduiusnevienauainuuuvyuiumuieulynsvnasateniuea 66 %lasUiinns uaznsn
FanI3n 7 %laeUsuIns 1IaN1TYIUGATEY 20 w9 nuieduazanayneuLenduan
ihifuamnsnnglusrogiaan 15 unil

nsfnwmsannsalefiudaszamituldufvsiansaluiudaszgeiiee
HENADALUUMYUIUIUIALITOY 100 AT WUI15888a1N151U A8 lNanoNTs
Wasuwamosndwelsdluihifuuoanes fudunmswasesdusznausesisiuunduiu
furfidndngidulasniiwelsd foidleszernannsiujsenfintumaruuianives
ofialeamnesfgsdumuluie Tasazinsuaseoamesodsmidlutianainisi
UFATeNT 30-180 w1t windsannsituly 180 unit wie 3 alug quistaaian 6 alus nns
waseseaimeianiiutudntos LaziTuAIndIaINKIUIaTUNSIURATe9 6-12
1l uaranansondaiefiatoameslinnuuianiguan 93.06 selnerimin faan 12 Halu
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dyUNan1INAaDs
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nawihuiisen 20 wiil Tnemuaugamainaeansinujiseinsd 75 °C uazanaiasey
Asdl 900 soudewfl Feganaassuuuluniu wuitemueana 3 insafidneniwlunisan
nsalusiudasy uazilefinnsaniUisuifisuanuanansalumsannsaluiudaszvesieniuea
uiazingn mesuIavvesemusaiinaseuiinunislfieniuea Aeteniusaiisinim
Uiavdgeninaglivimaitesniluuffzeinisannsaluiudass sudddiussufazend
toeniide Tavamaniananndnduvenidifegluenusausasinse Befithegunaa
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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
H2S0y as acid-catalyst. This reaction is shown in Eq. (1). [3]

H;S04

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 (MCPQO) 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 H2SO4, 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.% H2504, 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.% H2804 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.% H2SO04
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 (H2804) 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) 7721 [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

Feeding port

Flange
Paraffin oil jacket

heating outlet

Baffle |:*
Da

Rushton turbine [

heating inlet

[—T—b 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

Independent variable Coded level

-1.414 -1 0 +1 +1.414
E : Ethanol (vol.%) 24.6 35 60 85 95.3
S ¢ Sulfuric acid (vol.%) 7.2 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 tfixed 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 E+B,S+ ,ES+ 3,57 + B;SE* + ,ES* 3)

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

Table 4, Coefficient values of response surface model.

Cocfficient b . 2 2 bs 2
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=0.990, R sijusea = 0.978, 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 Microsofi Excel add-in tool was used to solve these conditions (Eq.



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.%)

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)
)

4

0 5 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.% sulfuric
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 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
H2S0y as acid-catalyst. This reaction is shown in Eq. (1). [3]

H;S04

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 (MCPQO) 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 H2SO4, 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.% H2504, 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.% H2804 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.% H2SO04
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 (H2804) 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) 7721 [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

Feeding port

Flange
Paraffin oil jacket

heating outlet

Baffle |:*
Da

Rushton turbine [

heating inlet

[—T—b 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

Independent variable Coded level

-1.414 -1 0 +1 +1.414
E : Ethanol (vol.%) 24.6 35 60 85 95.3
S ¢ Sulfuric acid (vol.%) 7.2 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 tfixed 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 E+B,S+ ,ES+ 3,57 + B;SE* + ,ES* 3)

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

Table 4, Coefficient values of response surface model.

Cocfficient b . 2 2 bs 2
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=0.990, R sijusea = 0.978, 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 Microsofi Excel add-in tool was used to solve these conditions (Eq.



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.%)

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)
)

4

0 5 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.% sulfuric
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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