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Abstract

243832

This research aimed to study the optimum conditions of commercial ethyl ester
production from crude palm oil (CPQO) in a pilot scale plant of 500 litre biodiesel/day capacity
which including esterification, transesterification, ethanol recovery and resin co-washing
processes, all of the units were carried out continuously.

In this study, CPO containing free fatty acid (FFA) of 4.43-8.32wt% and commercial
grade of ethanol (99.9%V purity) were used as reactants, sulfuric acid (98wt%) and potassium
methoxide (32 wt% in methanol) were used as esterified and transesterified catalysts,
respectively. Continuous stirred tank reactor for esterification step was 87.4 litres in volume and
continuous deglycerolization reactor of 16 litres was used in transesterification step. High
pressure at 30 bars and temperature of 220°C were carried out with a flash tank of 250 litres.
Washing equipment contain 2 tanks of resin adsorption, 1 tank of water washing and 1 tank of
salt filter tank, all of them were 55 litres in volume.

It was found that the esterification step with sulfuric acid catalyst could decrease
phosphorous content from 11.24-21.70 mg/kg of crude palm oil to 1.01-1.46 mg/kg of esterified
palm oil, certainly met the Thai Nation Standard of Methyl Ester which is below 10.0 mg/kg
biodiesel. Optimized continuous esterification step was carried out at 1 hour of retention time,
60°C, molar ratio of ethanol to FFA at 30: 1 and sulfuric catalyst of 60 wt% of FFA resulted in
0.81 wt% FFA of esterified palm oil.

It could be seen that the cause of no phase separation of glycerol in ethyl ester came
from the micells formation in the existing of high soap content. This obstacle was solved by
lowering water content in the system, potassium methoxide was used as a catalyst and glycerol
pahse was continuous separated out by using the continuous deglycerolization reactor. The
best condition of our trial was at 25 minute of retention time, 66°C, molar ratio of ethanol to
triglycerige at 5.7: 1 and molar ratio of methoxide to triglyceride of 0.2: 1 resulted in higher than
98% of ethyl ester content in the produced biodiesel.

However, the obtained acid value of biodiesel was about 0.6 mg KOH/g higher than the

standard value of 0.5 mg KOH/g which came from the fast reaction rate of hydrolysis reaction of
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water and ester in matrix of ethanol. The soap content in ester pahse was very high of nearly Y.

30,000 ppm resulted in a difficulty of washing step and higher loss of biodiesel yield. Also a
lower yield of production (90%) which gave a higher production cost, anyhow these problems
should be solved in the further studied.

According economical study of the ethyl ester production, cost of CPO and ethanol were

26 and 20 baht/kg, respectively. It yielded 34 baht/litre of ethyl ester.

WHLNLIAE : NMsnAnefialamefidegaaImnssiaINiu aNsy U
Commercial Production of Ethyl Ester from Crude Palm Oil

v v
ANUIRUUAT AR LINANN LN AUNUAINUITL AN U AT ADIEAAINITNANERT NUANENRBAITATUATUNS



ANININUATIZNTINNNTIRLUITNG

FIENNUIRY

CRT TRl

nRRNIINUsENIA
il il o
seazeeanaanulATanNITae
unAntian1s ne
UNAREANHBINN T
ATLEYFTN
ATUNYNIN
dl o
Ui 1 unin
1.1 ANAATYUAZ N
1.2 dngusrasAreIniiide
1.3 19 UATR4IATINITIAY
1.4 Uselaminamqnazlasu
1.5 a0 unaiunIae

'
-

unil 2 winmsuaznneiifeades
2.1 lulefaa
2.2 tsfudumu
2.3 laNuea
2.4 Madafjizenfaes (alkaline catalysis)
2.5 Ufiramsudieaneiiadu (Transesterification)
2.6 UjnTeeawmesniadu (Esterification)
2.7 Ufisenazwalliadu (saponification)
2.8 NMTUUNALLEANDERE

2.9 N84 (washing)

< ¢  ado a ao
unn 3 qﬂn?mu@:faﬁmmummw

3.1 TAgAuuAzaITAT

o

3.2 langsuil 1 Aiensiananinuguestifudusy

49

A A W W

10
14
17
18
19
21

27
27

WHUNASY : MInAnefiaeamesidgnamnssiaInuL AL
Commercial Production of Ethyl Ester from Crude Palm Qil

A0 LA TR RUINAINUN AW UAINMINTUN AU UA AT AR INANART NN INENAUAIAWATUNG



ANINIUAIENITNNNTINEILNTNR TIBNNUIRE

3.3 Aanssud 2 Anwntladefidanarantsnaniefialoainefanntnsulduaulngld 28
NTLUAUNITRALAINIATULL L WLING

3.4 Aanssudt 3 AnwiladefifinasianisuanefiaegineiantinuduAuiitiu 28
NITUIUNs A AEIIATUR AN TN AN

3.5 Aansud 4 AnnnsuaneRaeameTLLselieIeIN LA RARETIATY 31
uasnIudiealnasniadu

3.6 ianssudl 5 nMsuunAueanageduazn1sd1eluled ta 36

3.7 Aanssudi 6 ﬂﬂ‘l:ﬂF‘]N@NU‘FW]NL%"ﬂLW?N‘II’PNL’ﬂﬁaL@ﬂmﬂ‘;ﬁwaﬁﬂﬁﬂﬂuuﬁﬂi‘ﬁﬁu 41
PBINTUNIATTIUNANIY

3.8 NIAIATIEH 41

a o

UNA 4 HANTTINE

v v
4.1 AruaniRRugureihiuduay 44
4.2 NTLUIUNTIAALABIN AT UHNTUUN ANALABENIUDA 44
4.3 NFUAUNNINIUA R AAE T AT U T UL NALN LN TE LI UN TR AL N LATY 48

(Esterified Palm Oil, EPO) waztinsunansnig

4.4 NTTUUNNTIRARNEIN AT ULAEN LA eI uLLLAeIieINA 500 AR 62

4.5 madfuusspnunwlulesis 70

4.6 @mauﬁm'\aé@Lwé‘mmL@f‘naLfﬂmm%ﬁ'uam‘lﬁmummgﬁummnmmmg'\u 74
WAWU

unil 5 NMIATTTUATHIANART

5.1 deyarugulumsiiamei 78

5.2 mﬁmm:ﬁmmLﬂuvl.ﬂ”lﬁmqmmﬁmam?’mmm:mummamiﬂﬂﬁmen 81
U aNAL

uni 6 aguanisade 82

LANATEN9RY 84

AARUIN 86

WHASY : MssdnieiaamesiGagaamnssuaniiuthanm
Commercial Production of Ethyl Ester from Crude Palm Oil

> v =
AONUANHLAT AR LN AN UN AUNUAINUTL SN UA AT AEAAINITNANART NMINENAERITATUATUNT



ANINIUATIENITNNNTINEUVTNR FILUIRE

nANWAN . AsundTununsalasiudass (FFA, %)

NIARWIN 2. NIUILTHUEY

AN A, Miessi e lsdivae lwluledgafaeinisnzl sz
(wﬁw‘ﬁﬁmﬂm‘?‘i 5060)

NIAKUIN 3. u'\mgﬁwnmlui@ﬁwaﬂi:mwLuﬁaLﬂaLm'rJi'mmnmhﬁu

AAKUAN Q. PILTURANITIUATIEW/NARDL

N1ANUIN 8. A asen ueaulasan wuarlulefiralssinniuiialeamaiaaansa lusiy
waznsauansanlulesiaa (8100) Usznidamznssunistsnisuleung
WALNU

nawwan 1. ddalfnsniauns 80 ansuargdalnsalaunn 18 ams

NIARWIN 4. HANUNNTFIRNNIZALUIUNTNG

nArwan ol ausunsdn luleRraduiuguardugs

WY | MsuaneRaleamefiBgaamnssuaminiuaNAy
Commercial Production of Ethyl Ester from Crude Palm Oil

o . .
AU LA SRR LN 1UNAUNUANNUTL AN U TR TN ADIEAAINITNANART NUTINRLAIURTUATUNT

95
98
113

116
121
129



FRNITUAUENTTUMTITVURITR TBWIIY
ANTUIEYATN
A1519 Wi
2.1 sxfunaeisaineses AL LA ey 8
22 aeFsznavaresenTe UL dAL T liuauanan 8
23 Qmauﬁﬁmuﬁimmﬁmmﬁ'\ﬂuﬂﬂﬁuu'1Lm*"'nﬂ 8
2.4 AruaNTTRTIAYTf IR UEAND TR 9
2.5 MInszanufiredueanages naireses wawes ajlnnen lunaeanaiuas 20
R GEGR
3.1 anzildlunmasesiesnuuulng 1433 Taguchi 34
3.2 orthogonal array 35
4.1 muﬁlﬁugmmmﬁﬁﬁumdnﬁuﬁﬁmm:ﬁlﬁmﬁu 44
42 waweiTpdure i hduRudaeenuea 45
4.3 amq:ﬁLﬁﬂuuuuam'):ﬁﬁmu@ammni:mummaLﬁlfrﬁWLﬂ‘iummﬁ'\ﬁumz{uﬁu 46
ARLILBNIUEA
4.4 npeamafinljizenlalaslada 47
4.5 @mamﬁﬁﬂﬁumz{u EPO #idlunmnaaas 48
4.6 ugnsrtiauazL nnneesansi iflunisusniefiaeaimaeanannaaesea 52
4.7 ﬂ'ﬂnsmhﬁu@m:mﬁmnmiﬁflﬂ{’jﬁ‘i‘mLﬂmmﬁwﬁ’uumuﬁmﬁm 63
4.8 Response characteristics 64
4.9 Response table 65
4.10 Energy efficiency 67
411 ugasan1azlunsinujiremsudieanaifliadilu CD reactor 67
4.12 el jiden ay wiaeanef uazAnaaluaedned 68
4.13 meiﬁmmvamuﬂaéuﬁ’fmmwﬁ’manmn‘gm:mﬂuﬂanﬂafaﬁuuumLfim 72
4.14 massAaylululesis (ieiiaeained) 74
4.15 namsaansimuNATgude i uuadnEzuazAMN W uazlszninia 74
a9 TI89NTA 131 W.A. 2552 TBINTUFINAWANIU
5.1 uanansdssiiumAFunUAT 78
5.2 1BunnuazsAINg A sadu 79

UWHUWINWAY mswﬁma‘?\maamaﬁ%oqﬂawmwmnmﬁuﬂﬁuﬁu

Commercial Production of Ethyl Ester from Crude Palm Oil

soWaTHLas RTINS 1IN aunuaniTuhsuuss R ausdenTiumans amInesusermuaiund




AUNNUATUSNTTUNMTIBUAI TG TNBWIY

A919 win | 2Y.
” e NRCT

5.3 WARIFUNUNITLNINE 79

5.4 AlddnenaendndnsTin 10 I 80

5.5 wanereiulasenissiell 80

5.6 uanvsununaanaigtasanIsranisuas luledisaainuniu duau 81

UWNWIWIY mw'&maﬁmaamas‘v‘&eqﬂmwmmmnmﬁumﬁuﬁu

Commercial Production of Ethyl Ester from Crude Palm Qil

FOUWITBUSTWAMIWINUNAUNUIT MRS ukasRTinTu ausdanTsumans aninondoassaiuaiunsy



AUNNUATUENITUNTIVLURITE

BN

ANTUIUNIN

su

2.1 lumasieteesluanalulenia

2.2 Ufemudiesineiiindureslnsnfaelsiuazueanaand

2.3 Ufisenasnetilindureslnsndiselss

2.4naln2 ;Tumummﬂf]ﬁ??ma:w'ﬂﬁﬂLﬂ'ﬁummmaLm'ai'

2.5 szuunsdnslutenealugmavnssy

2 6 szuuumdnsnadaetindaunisinde duasgeduinlulutesios

3.1 uamadaulszneuredgANAneNaledamaiuL CD process

3.2 TANARIBTIARAIRATILLL CD process

3.3 Schematic diagram 184 NI¥LAUNNTRAABINIATULALN I UAIRAIABTNLATY

2U1A 500 ARTFaTU

3.4 waaaivljnralieaimeiiinduuaznudieaineiiiadu auim 500 AR/

3.5 WHUAINTIMNNuIeNg AT ueaneaaalneldsruu flash evaporation

3.6 nszmaueanaaadingldsvuy flash evaporation

3.7 dnwnuzreazesdiiatuinda

3.8 u,uuchni:mum?ﬁwmmmﬁ;mnizuqum'a‘ﬁwﬁqaﬁﬁquﬁumi@m%m:uwimﬂm

3.9 anixmum?ﬁwlﬂfaﬁma‘[mﬂni:mumiﬁwﬁqaﬁﬁéquﬁumi@mﬁmwumL‘fim

3.10 MeazBunvetasdy fedsuazianae

3.11 aNMUE183 Confocal laser scanning microscope fldlunnsdiaszd

4.1 Ll?mmnmhﬁu%m:%mmmuwmmmﬂﬁﬁ?mmaLm'a?fﬂLﬂ‘iTu

4.2 milalasledareniuinhdupuiigrnniisaiy

4.3 ugmnaredndauidaiualaniuaasa CPO ﬁﬂuarfiﬂﬂmuu?qw?;mmmﬁamaLm'af
ield1 s KOH 1-3%

4.4 uanenarana lun I TReiitideriqriseaeiiaeaines

4.5 LL’&MNﬂ‘ﬂ’ﬂd'ﬁ}mﬂqﬁ‘mn’]?ﬁﬂﬂﬁﬁ?ﬂﬁﬁﬁﬁi'ﬂﬂﬁﬂﬂi‘@ﬂ%ﬂmdL’r]‘?lﬂL’fmLﬁl’ﬂ§

4.6 WAANANHIUZNIINIZANLFITBINALTRTOAUAY a) INTialeaines b) lahalealnes uaq

Uffsemsudieameiiiadu inndseena 200 iy

Y
U1

14
18
19
22
24
29
30
32

33
36
37
38
39
39
40
41
45
47
49

50
51
54

UNWINUIAY mmﬁﬂLaﬁmaamaﬁ%oqﬂmmiwmnmﬁwﬁuﬁu
Commercial Production of Ethyl Ester from Crude Palm Qil

AOUITHULRE WM WA INUNAUN U NI RS LA RTININ AnAranTINmans uminiasssuauniuns




AinNUANMNIIIMTIRBUAING TBNUITY

su Wi

4.7 Bhanmuayfioaisine Wljitemmudieameiindulagdiumues ua 55
nuasiuueaneaes

4.8 G/S ratio MAnWElelHueaneseduanTzwinumLeasaaNueaTdRdITlug 56
A9 Tunasindirenmudiedineiniadu

4.9 uave3TiAGN Léqﬂf]ﬁ“iméﬁﬁimﬁmmaﬁlm:um?mmﬁaL'ammm' 57

4.10 uprasriiadasaljisesenaldreueiiaeannd 58

4.11 nammﬂ?mmfnﬁimﬁmmay:'lus:uuu?mﬂﬁm@mmm' 58

4.12 Namﬂqﬁmmuﬁaimmmﬁﬁﬁu:Lﬂmu@ﬂﬁi'ammu‘izgw%mmmﬁaLfammmf°7'imm'lu 60

NI TR

4.13 m@mmﬁﬂmu@aimmmﬁ'\ﬁu:Lfamuﬂmiﬂ‘nﬁmmmailumﬁaLﬂame'Vimm'lumi 60
Vi AR TRIZ RN

4.14 uatedLiunns KOCH, feanuiiqviseiefiaiedunes faalunisinlfisen 61
FiNg7)

4.15 ‘LE‘JJ’]mmq_I:'luLﬂ"?lﬂL’ﬂﬂLﬂ’ﬂfﬁm@’]ﬁﬂﬂﬁﬁ?ﬂ’]ﬁi’m’] 62

4.16 Lﬂﬁlﬂu@mm:‘immﬁqﬂﬁmrﬁ‘nmmmﬂamuuurfimfim 62

417 nanlafudaseiianag 64

4.18 The response graph 65

4.19 Predicted purity for the transesterification of palm oil in series of CSTRs at 66

molar ratio 6:1

4.20 Outlet temperature profiles 68

4.21 ﬂ?mmﬁqmﬂﬁﬁ?ﬂﬂmﬂaLfammfai’ﬁvmmﬁuﬁnﬁwq iy 69

4.22 Ll?fmmmj‘lul,ﬂaLfamm'm'ﬁmmlﬁuﬁnﬁm'] iy 69

4.23 ﬂ“?mmmﬁaL'amm:ﬂm‘wmvammm'ﬁvzzwﬁuﬁnﬁmq u 70

424 Fnmunsaluaeaweifinaniuinee iy 70

4.25 WefidusinsuenAweniueaanlulenias 71

4.26 WefidusnsusnAweniueaainnaiaesen 72

UWNWINUIAY mw‘émLaﬁaLaamas'l."naqﬂmwnsmmnmﬂuﬂwﬁuﬁu
Commercial Production of Ethyl Ester from Crude Palm Oil

FOWTua TN AINE I UNaunRI NN AU Lss R ansdranTIumaad aminnsossrauaiund






