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Abstract

This research aimed to study the optimum conditions of commercial ethyl ester
production from crude palm oil (CPO) 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
triglyc:erige 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.
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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
water and ester in matrix of ethanol. The soap content in ester pahse was very high of nearly
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.
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iWeansangiiunuamesen saxwudniiuhaudesasainaseatinndinduiadaulngy
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ANTN 2.1 STALAABLIALADTAA LN uALLa s laTw

Oil Type Average (ppm)  Range (ppm)
Coconut oil 14 5-24
Cocoa butter 59 n.a.
Palm kernel oil 17 9-40
Palm oil 18 13-19
Sunflower oil 17 8-44
Soybean oil 28 20-35
Rapeseed oil 49 25-80
Maize oil 50 18-95

A9 2.2 a9ATeneudmesaaredtntulnanay s nduasnanas

Sample Cholesterol Campesterol Stigmasterol  Sitosterol Unknown
Crude palm oil 7-13 90-151 44-66 218-370 2-18
Degummed, bleached 5-10 49-116 22-51 113-286 Trace-8
RBD 1-5 15-16 8-30 45-167 Trace
Crude palm olein 6-8 57-104 30-51 149-253 24-28
Degummed, bleached 3-4 36-43 21-25 99-123 Trace-5
RBD 2 26-30 12-23 68-114 -

R34 2.3 AUANURRNETINTIATeIN TN ANNN LT

Chemical Characteristics Mean Range
Saponification value (mg KOH/g oil) 195.7  190-1-201.7
Unsaponifiable matter (%) 0.51 0.15-0.99
lodine value (Wijs) 52.9 50.6-55.1
Slip melting point (°C) 34.2 30.8-37.6
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saenuaatalisunsauwiaiuluduassgaansidiumiaeamnes

md‘ b % &
ATN 2.4 ADANUFANAITIIDILDANDEDN

ATUANTLIB LMUDA LANIURA
gasLAd CH,O C,H.0
Naatuans (nfu/lug) 32.04 46.07
ANMOUY 103w did  seunanlull’d
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AMENIIR LUNIURA laNuaa
AN (NFN/NBARRT) 0.7918 0.789
qaLHan (°C) 65 78
PK, 15.5 15.9
ANULA (Pa.s) 5.9x10* 1.2x10°
Talnaluwus (D) 1.69 1.69
qmanulv (°C) 11-12 13-14
Anuila (kPa: at 20 °C) 13.02 5.95

2.4 maselnsenaema9 (alkaline catalysis)
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2.5.1.5 auunin1siinl)iaen (Reaction temperature)
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2.7 dnsenazwaiidiagy (saponification)
nrrusunisarneifiadulunsruaunisudnaytennnlndldlasiuuesans ludanatauga
azwatiindurenaindisenlalnsladazeslasnaelsd (edndueamesannsalaiv) faawa

AUn@ldlgan W) WsaluindanfuandaAuasnalmasma AN 2.3

(0]
R‘{ (@) H
o]

:>—O>_R 3NaOH / H,0 —<O o
— 3R +
0 heat }Q

ONa 0 H
R‘<O H
Fat/ Oil Lye Fatty Acid Salt Glycerin
(Soap)

A 2.3 Ufisenaswaiilinduaeslasnagelss

Argzwaliliadu (saponification value) AetFunmuraauanandusiasldlunisiidfizeia
1 o’ 1 L% dl 9 [ % 1 %" o’ %’ (% %
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+
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R 0OR R"C“‘OH Hydrolysis
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+ KOH ———— = , C.. +  HO Neutralization
R"C‘OH R-“0K 2
9 heat (I:|)
LN Saponification
R OR + KOH —— R'”C‘OK + ROH P
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= = = v a v

TunszuauNIsHEs  Avsieana IiusgnanInTuiiunisnaunsanisaadusing Molecular  sieve

q
v
=

FaRansnIAenuadarganBuan et luumuessuisaw s Naansuansae
Zhou WaE Boocock (2006) ANMINTINSTANLARTIILAANEERS NALTAIEA LadIRas ALl

ludizemsudieaneiiiaduecundudomdessianisdataasuuy  wudillenaniesined

= s v v ar 9 ' ) ¥ ) 2 ij/ 1 -4
namasaa wazuasnagasidisoaiusianisatradsguissidalaesldiuendu azlinunames
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A1979 2.5 NNINTTALFRTBILEANEHRS NALTesea wamef aylaman luvaesreiuazndaeses

Methanolysis mixture Ethanolysis mixture

Ester-rich phase Glycerol-rich phase Ester-rich phase Glycerol-rich phase

Glycerol 2.3% 97.7% 19.3% 80.7%
Alcohol 42.0% 58.0% 75.4% 24.6%
Ester 99.0% 1.0% 99.0% 1.0%
NaOR : 5.8% 94.2% 10.1% 89.9%
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walulagnldlunisuanAuieaneaadiuilnainuaiedanis  LAUANIELIUNITUALANS
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Purification
FAME distillation
column

mixture MeOH Water

Layee
Sriporating - washing —. sepIraen
Purification
Giypoerst o Pdclistillation
column
(a)
Water Purification
F N
ME Tl hing [IP{Cistilation
column

pichae MeOH tLayer
«vaporating - separation

Purification
Giyewrsl L Jp| Neutralization (- distillation
column

{b)

Purification
FAME  |ofp "’,,"fm" P T Lpuistitation
column

Purification
Giyearsl “amn ] revralizaton fddistillation
icolurmn

n 2.5 szuunisanslulenaalugaaiunssy

Haaction
mixtute Layer
B saparation
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nnsdnedaeuiiunszuaunishisndunislugnaiwnssn Tnoseviatiuavialuleniaaidn
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Tuanudrlasasyaeaialiazidnladnuiaznanedulefigouumni 100°C  eaziiuais
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2.9.2 N19RI9ULLILAS (Dry Washing)
¥ t % ;7 as ar . d' a 173 a A aa
nsduuuuilduannisnisaadu (adsorption) deluanarvnssufianldunnilidandang
(magnesium silicate) FaltluFan anisAguNnilaas (Magnesol) ﬂ’lﬁ"ﬁ@ﬁi‘@@‘fﬂﬁ‘ﬁ@muﬂ’]?
adun sz ldfi oy lunistindeundalaaauirnandfuindsluitlenldndatasndn
500 ppm 18 TaeliFastinszuaunismiuiadag uananmiuunnigaaneunisidaruudaanuisonau
Huawsdndvralddudemacls
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ar 19./ o = @ a

] a nd' ¥ @ ] t ar o &
sann wFunldiluansgaduldgnimunay uwiffiaonlddaiaulunisdszaduiusings

L
3 i

wuddse@ansninlunisldaseazmnninsn specification Nuszn1ald Tnasindszanduiusnisldan
41 1 Atanfuvensduazldnuldniululesas Uszunas 1,000 ams

laam nalimd 2552 an1udduuasimuns  Anminisdseynldaunanlunszuaunisdng
Tutehiaa 98n FAME Tagvinnissuvauniuesaanannlulanisanan udadaealdayanauiunan
1 Fu wudramnsoaaBaunnayluduneuidls 87% nisgaduaylululedisadanurangaaunss
nszsinlugadTianay 1,000-8,000 ppm Mdndaununansievrminlulediea 0.25-3.0% BRIV
'Lumi@mefumnﬁﬂmg@uﬁi@mmﬁﬁmwﬁq 120°C wudipuatnnsalunsgaduayredsunen
ﬁﬂ'qgmmﬁ' 0.39 nfuay/nFuaunan mméwﬂ%mmmﬁuﬂeﬂfagi‘ﬁ'ﬂszmm 5.5 ilandu/1,000 ams
lwlediaa wazinisgoydelulefisalufuAurenludssunoiuinaesiunenild  wazns

dszgnaldluszunuatisldmnzamnazaynahuaniiausmaniiu T

2.9.3 NMTRIUULNANNAIY
TIFFALATANLE 2554 Anwnszuaunisdeluladiaalnansyuaunisdnesaaunsoniuansgm
duszuy sewias lnelAfunuidaaduayuaindidnauanienssunisgananen  wudsduaiin
= o o 5 : % = a -
wanitlasulszquanaldlueTesnsein daonuwmnnzaundinislfunnigeauazhiunan Haeain
arunsoNuan nuaziindauun fludld  WaldisTugeaduayuayndmesaaluszuuiunia
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(fixed bed) MgaFuATTERTIANGIAREUIUARTNA19TNT9 1.1-1.3:1 szuunsdlsenaudag
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o Le

paduilaTy 2 pednd dednari 1 padu] uazdanae 1 aedu luleRmandanisssveLaanaaada
luanstlawdnsruudneidedates ALsTaNe 5,000 ppm WaTWUINAINITIARALaILH 95%
ANNANNNTD IUNNIAAT LAY 225 UYINL 0.28 g Soap/g Resin Lﬁummmﬁwﬂmmwms’bﬁmuﬁ
5 A% Mg 6.0% IneBuinsaedlulesins uaziiadunsadssnlusnmdan 10 nfu

Aalulediga 100 Ansasluundng azanfFundranaafies 3.0%  aunwlulasiss
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vy nnau idama aludewiune  Avacaudunse YSuanlanengu 1 waslanengu 2
HANHWN TR FIUTINNA
a1l dladuazdlafvindu 5,800 waz 215,000 ppm AINATFU a1u150tintTauRasae
%’ |73 d’l’ a 1 a ¥ dl U a
n1sszime Ween InansldiTenassangn vy uananwaeulAnaLtaseailaaInNnszLIuNISHAR
lulefa waesumauueazlduandaiiiunia draawdalifinseidaniases XRD wudiflu
dautlsznavaadinaa NaCl, KCl, MgO uaz NaK,(S0,),
sna1A1 1ganelunrsnimnarenatulafaalie wudilssuans 94%  tlusiAnaaaLsd
‘ﬂ' a ] [ o ar :I/ ' Qdd‘ld }% 1 [ &
wartiadsziius A ldanalunistintdaianus wudInssNasuTsIANNITAIINAL 0.53 ARNNA/
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uny 3
atnsaluasiBmeniiunisiae

< =

3.1 InghuuazsnsiAll

311 wwhdudy (Crude Paim Oil, CPO) Feanntssuaiainifuhdudy BTN
avnsafnasuhduinsiunsed snesnadn Amdanse uazanmiEem 3o lulediaas 41in s1une
Y2 SaudnganunFanTi(FFA = 4.43-8.32%)

312 1@l (Refined Palm Oil, RBD PO) anan1uidtuasRamnnaaanis

NALNLAINIIT LN ANLa s AT1INTY

1
a o« g =

313 i dusuR iU s eane ATy (Esterified Palm Oil, EPO) a1n
Aanssudi 2

3.1.4  1@an1uaa 99.9% (Denatured with Bitrex 10 ppm) %@mné’mﬂmﬂuﬂszmﬂ

3.1.5 Tmunadenlansenlas (KOH) 95% nsan19nis@n (Usewmainiua)

3.1.6  nadawa3n (H,S0,) 98% ngan1enisdn (Uszwmalne)

3.1.7 T%L?\ﬂﬂLNVI@ﬂiﬁﬁ(NaOCHa) AN NAY 30 wt.% solution in methanol, Evonik
Industries, lwasiua e lng U390 Jebsen & Jessen Chemicals (T) Ltd. (Uszindlne)

3.1.8  Twumaiienmmanlas (KOCH,) mnudindu 32 wt.% solution in methanol, Evonik
Industries, Evonik Industries, a5 anminalag 139w Jebsen & Jessen Chemicals (T) Ltd.
(Uszimalne)

3.1.9  lWNIUBA LNTANNNITAN 99.8 wt.% aInUTEM P-General Co., Ltd. (Usznalne)

3.1.10 Tapanlansanlas (NaOH) n7ANNaNITAN 98 wt.% ANNL3HN AGC Chemicals
Co., Ltd. (Uszwnelne)

3.1.11 Twumaidsnenantss (KOC,H,) mnadindu 30 wt.% luaniuea inganiannedn
ANUTHN S.M. Chemicals (Uszinalne)

p ¥

a = a '3 o ° o e a
3.2 NANTTUN 1 '3Lﬂﬁ"\zﬁﬂm@ﬂumﬁuﬁquﬂﬂﬁu’]NUﬂq@Nﬂu

a
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3.2.2 A niun1IsIAE
-Awaoinsalaruidasemungsias AOAC method Ca 5a-40
- AR BN AINNTINAE EN 1SO 12937

-AwnmiBunamagneasamungsiis ASTM D 4961
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- @ﬂn&rﬁm’?muﬁqﬁugm
- Screw cap Bottle 9141/ 500, 1,000 ml
- Hot Plate Stirrer
- 819AILANBEUNNH (water bath)
3.3.2 AgAiiunislae

v

- WinauFauuntduhdusvauiiguuginseanisluaem screw cap 1991915
lugnepuANgUu)d BNenIueatiasaedadalfisansadaiadnlulBuiunimualita
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Unit 2 Unit 3

Unit 1

N 3.1 uanddaullsznavurgananeiialesinaiiiuy CD process
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NN 3.2 GaNARTIaRAmasiLL CD process
Unit 1 wenfiuuazilaudngauuazaisindl
Unit 2 sgmslﬁmm?@umﬁﬂﬁuﬁm
Unit 3 ﬁqﬂﬁnifﬁwmgﬁqgn@@ﬂLLuu‘Lﬁmﬁ@uﬁummu@@ 2 widael nneluutivaanidulan

nauNaN (mixing zone) wazlauasy (calming zone) Walfiian suanaanaasnaireses d9azliag
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34.2 FEAulunTIae
MaiuIBstANAnTiaeamasiuL CD process Brantleutitiuingau Tneldindadn
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transesterification reactor

esterification reactor

3.4 uaanalnsalieamesiiatunazniudiaaneiiiadu aunn 500 ans/du

seavdanginsaifinasalilil

- fanausaliiag (continuous stirred-tank reactor: CSTR) &1115UNT¥LAIUNNTLAALARINLATY
wuseliies (eaznduauansluniauuan) Jasdumdnndn1Fali aune 87.4 dns auadurinu
Auginananelu 310 WN. AINE 1200 NN, WiaW baffle uazlusin 3 fu fuamefnau fiarunsanliu
sevdag inverter 1§ (NsnauldAanada 700 sausiewn?) Sunmsingaumgifiszdunanadadas

_ fanquseLiias ﬁﬁﬂ?ﬂﬂs:mumwmuaﬂmLM@?WLmﬁuLLUUﬁi@Lﬂm (FHALLALALEA
lunanuan) Jaalumdnnd auin 16 ang auiaduiiugudnananele 200 wu. ANES
600 . wHex baffle  uazluWa 3 4u Auawmefnau fanusaduseuld (nsnauldaanuiia

500 $AUABWNN)
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as [ < v

- faguFauduiuundiulhdusy (CPO Heater Tank) dasiluwmanndnliatiy aun 17 dms

guadusnuAugnaanizle 300 BN, AN 400 1u. dmiuduiewiiulauny

o o/ |

- feguFeu dmduinduiduieainesnna s (EPO Heater Tank) dagilumdnngn aunn

1%

2 ansrwiadudiugudnatsnielu 120 un. Ange 300 NN ddmiuguieu EPO reawding
nsTUaUNINIUdIBaIReIWIATY

T a 2/ o

- flufnanaduuudanas Téun DME-150, 150 Lhr Max. (Murdudhdusudagdeguiou
b %

2 )

AuFuinafuLaumy) DME-48, 48 L/hr Max. (Milusnsdutanwamesvias dndieguiouduiy

al q

= Ly L

wuthaueawmesniad) DME-19, 19 Lhr Max. (Miluienusanannsadtgdelinsniieaines)

a

DME-8, 8 L/hr Max. (MIwunadasmmenlas drgdadjnsainsudieainad)

U
v v

- Aafthy Wdwiutuinfulduauaindaringu 200 ang ludedetlauiniulausu
- fefleushduthaudu aue 200 @as Fagidunadianan
- fangunsauazianIues uasteuanlnunadasunanladiuieniues 2w 100 ans Jagiiu
a el
WOALBNAY
- fefuhduihsueameiwias Wudetunsas auin 200 Aas daslunedienau
- fefuafiaeawmas aua 100 ans Sasiuinanau
- Watt Hour Meter, Type PL 10053 14@1115u4% kWh 183 Heater Tufiaguiau

- wmeflufiwas rlanaanuioussqisan Mingungisesnszuasanaindalijnsal

3.5.2 Aapiiun1gian
aa; [ ' = a ar
NFTUIUNITLAALADINLATULLUFADLUAIAUIA 500 ANT/AU
o [ o e ar ] dl % 2 A .
ANINAREIRINTUNTITUIUNNTeA IR LATULLLALNe IFeenuuulaald35aa9 Taguchi
Tnaiwusasawls (factor) 3 #a Aa tFunmsiaseliizen (Cat) dnsdanaevaniuassiansalaiu
8452 (MR) WazauALAn (RT) Mn1snaaadilu 2 526 (level) agﬂ‘lf’ﬂummﬁwdwﬁ

A1979 3.1 an1ailflunimesesieanuuulnaldis Taguchi

Factors Descriptions Level 1 Level 2
Cat  : % H,SO, by wt of FFA 30 60
MR : Molar ratio of ethanol: FFA 20 30
RT : Retention time in hour 0.5 1

v
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o o o Y @ [y o P
@’]ﬂﬁlQLLﬂ?Lm:ﬁ‘:ﬂUV}Lﬂ’ﬂﬂh ﬂ%vlm orthogonal array ANATTINTINAN

19N 3.2 orthogonal array

Factors
Run No. Cat MR RT
1 30 20 0.5
2 30 30 1
3 60 20 1
4 60 30 0.5

k4

&’l aa s I ]
AUABUTUNTITNARBINTELIUNTTLAALADINLATY HAaT
% &I A s o/ o
1. darTealanaralnsnImuUELEINIIN19Y (AW 3.3)
2. AuniFunainiulhduay eniussuaznsadaidinfisiaeldnu orthogonal array
3. EFUNTBNHNANTZUINENUeaLAzAATaTIEn TrendupAaNiuluiINan
4. thabhfuhdusuaudndeguiandmivindiuhduduudstmegatl
5. BuliannFeuuniiuihduiuly Heater tank auliguumni sz 75°C
6. Guiluhiuihanfuiazarsazanansalueniueanieniu dudufvuaslnanius
1 ¥ 2/ as = [ 9 [ %4 = o dl [
guiau hgduljnral dauenueanannsa azlwadngiaulinsallasnss mudnsnisivaiAtuan
15
7. danaweiniuiiaresmanludelfnsal WBumstszanm nilaluguresds
o <& Ad‘ o = e’dl ) ]
8. 1uhngampindaljnsaindaaaansiieg
€ o o v a - . oo d o .
9. \fiuMatrasnaniivaeanaindsdineal mudaananfiiiuun e ldias e

Burounsalasiudase

10. \llananasauATummaTinuLe vgatuiduduRuuazian uaanaunss nealy

ANNFaULARINRLANAY wasTuAnwasun M lumndag kwh ann Watt Hour Meter

& _ e, s =y Qs 4’
AUABULIUNITNARRINTZUIUNISNTIUALRRLADINAT Y HMail
o d“ =] '8 as 3
1. AAAreINauazalnslANLNUEIN1INNUL (NN 3.3)
2. AmunitBunaniudhdueanesvn s wnuesussivinadauunenlasnsesldmniu
AMINLAL (retention time)

3. Lm?ﬂmmwmmwdw L@Vl’]u’ﬂﬂLL@:TWLW!'&L%EI&ILNVl’rJﬂ‘l“]]ﬁIﬂﬂﬂQuNﬂNﬁuIUﬁ\‘lN@N
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4. fhunhduhdueameshad audndiguiaudiuindulduesnesniasudaameye

Eulirnfauuiiniuihdueseesvhosludeguianauiianmgl dszanm 70°C
Butluinsiuihaueamaine s wazansazansinunadawmanlaslueniuaaniauiu

\Wanawmeinauierasnanludelnsal I iunnslszunns nilaluaneads
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Tuningruugiiaes) waainasanandeljnsafiidasiannsiag
< o ) tdl o S L ] dl ° dl o = -
9. \iusetrsresnaniluaeanaindedlfineal mndaananfinnuue et lddinszsd
Ysunoy sreinde ay nenlasiudasy uaziefiaeamad
10. WanasesauAsuAHaTinIwue veatliuiuldueaneiined wazieniuaanas
unadasmmenlad vgaliasufauuiiniuhdueanesvinad waziiuiinndasnuildlumiag

kWh /910 Watt Hour Meter

a =l = - % =
3.6 NanssayN 5 nsuanAuLaanagesuazniranalulamas
3.6.1 neszvsuaanagesing liszul flash evaporation

3.6.1.1 guUnsallunisanitiunig

Temp. N
controller
Water out
¥ \
l\ Condenser
/‘

% Water in

T

Feed Alcohol

Tank Tank

AN 3.5 uRUanIIMNIuLesasEieaueanagas it ldszu flash evaporation

a A’
seazidanginsaiiinssalii

- daduansleudraunn 80 ans ndnetanwadieiau

o P P r L - o 2
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NRCT

- lusasuge uaznawefauin 2 uean (HP) luusasugeanunsaninnnuligean 35
1§ wazddmnsnislualudag 10-15 anssiauii
- galannfeuniendarugun vindeaviawmdnidanuu 10 Jadwns AEnRasIuIm

6000 4661 (W) agineluldiviauuy 3 wa uashinseninsinnnusi

v
o o ' a o

- SeTTUE MMAREUANTTWNA 300 ART BABARANU (Nozzle) NIRTIARMUARNLATNIATS

q a

o dJ o 1 tdl %4 cﬂl v v td‘ ¥ o o
AITHAL mmwummma@mLﬂ@ﬂulmw’aluimmmm@mz@@wmqm? ANUTUNIT

nasasszmaeanuealdionunideniln 04 Hadans uazldaressdesianin 65
lupsen

- gapcuudulsznaudaneiesacLuy (Aewauites) Andsadanumdn Siduriu
AUENANG 12 LIURALNAT 819 60 LIUFMAT 0UNBATLLUNIAIAILNAILAY WU 1.2
Haammns AU IuARINAI9 6 HAAWAT 411491 36 Y19 AINEIIYIBAYLILLMLINAY 120

a a | dﬁl d.Q 1 o/
EIUALNAT AALTUNUNHALYINAL 0.81 A19I9LNAT

galinnaNTau

NN 3.6 gasvineueanagaalag sy flash evaporation
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3.6.1.2 FHANUUNTIAE
win1smaaaslasldluleafiaandaindfisamsudieamnesiindullulesiaaiy) wie
nawesaanuanldaindifizoinsudieame’iindu(nfgeseany) Inanluledigaasuuas
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3.6.2.1 gUnsadlunieaniiiung
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37 cm
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3.8 NI9IANLATIZI

3.8.1  msmiBunnsalaiudasy
¥ o 1 2; o ¥ %’ g dl o o QI é‘/ ] ] v Al A =
dnefaatetiidudiadiguiienidndeluitleuse wunsadaadn sranilen uas
enuea L auiidelifieadunais udssmaiinegluiniueenliun asazinllamss
wilFununsalasiugase mads AOCS method Ca 5a-40
382 AATITHANHUNENIINIZAIUFAIIDINALTIDIDALATIAALABTAe confocal  laser

scanning microscope (CLSM)

o/ . . f==ll a o
AN 3.11 aniHe1ad Confocal laser scanning microscope Alalunnsiiagnzi

3.8.3 Azl fiteuasaaiuninsgiu AOCS Ce17-79

3.8.4 AAnuifTuIniNALTeseanInggIu BS 5711

385 AwswiBuunamelsfiiomn unsBoedines mueyanitinnaai 5060

3.8.6 MsAZVideya (Data analysis) AINNIINATUBY Taguchi A1MFuNszLIUNNG
RanesAtY

ANTAlaTuRAss AZtNNIIATIZITAINLWIAE level average analysis 184 Taguchi 1o
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19uannns smaller-the-better (Peace, 1993).

AFILATITINIZAATNA UGN

1. mﬁm@'&'mmu&i@:mmﬁ@m Tnalddayaiinan 3 UaY 4 WNTedaannniuNn

k1l

dl dl o 1 9/ 9 = ] o o all d’ %
LRNE NI/ TIANINANI TZUUL‘II’W@@IY]QZ@NQ@LL@Q (wmsm’]mnmnsmhuu@m:wmmm)
! o Ay ya ) "
ALRAENLATENTN a mean response characteristic (y)

2. ANUITU mean response characteristic @MiLLARZAMLLTILATIZAL

3. AU overall experiment average (T); T = Z y/n, Lﬁl’a y AT n AR mean
response characteristic uaz 1uaudayaildAuan mudisu

4. @519 ANINUaENI W response o214 mean response characteristic ﬁﬁmqmiﬁ

5. WIHANTEnUAINAauLsUAaTAq Aa1nA1 Delta = Max Response -Min Response

6. eaansudadiAyrasusazsauds lnaRarsaunannan Delta  wanfiAuIn

° o

fuamsdndenananisaansaladudarslduin 3aflidad 1Ay lusAusY uarRatsuniTe9asun

o [ %
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AT 4.2 NANTFLEALRAIN LATHIAIRINTULNANALALANIUEA

CrY! USaaunsnladuddss (%)

(U1N) xR 1 Axad 2 ¥R 3 xR 4
0] 4.73 4.73 7.5 5.35
30 1.72 - - 0.66
60 1.11 1.51 - 0.61

120 1.04 1.19 - 0.54
180 1.10 1.15 - 0.64
240 1.07 1.20 1.3 0.72

RAUBLUG

- msmaaedt 1 uay #2 M duRy 226.87 nfu lenwen 73.13 Ny (32.23%w/w CPO) n9a
daW9Tn 0.24% wiw CPO gruuqi 80 °C

- msmaaes# 3 Minududn 400 nfu lnues 128.37 nfu (32.09%w/w CPO) neadanaan 1%
wiw CPO gnuuqi 70 °C

- mmeanes# 4 Msundudn 500 N3 leniues 136.72 niu (27.34%wiw CPO) n3adawasn

3.28% wiw CPO gaumai 60 °C
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Bununsalaiudass 6.05 0.022
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9N 4.4 uateanafinlfisenlalnslads

Temp. Average FFA

(°C) FFA (wt%) Increment (wt%)

30 6.05 0
40 6.61 0.28
50 6.60 0.27
60 6.49 0.44
70 7.40 1.35
80 9.22 3.17
Hydrolysis of CPO
100 - -~ 35
9.0 - sl
20 3.0 z
7.0 25 3
¥ 60 2.0 T
< 50 3
& 40 15 3
3.0 - 1.0 5
2.0 <
10 - 0.5
0.0 0.0

0 10 20 30 40 50 60 70 80 80
Temp. (C)

(%

nw 4.2 nstatasladarasinduandungamagiisieiu

annnnaaaanudInluannzIneaReI A AL nealatudaszarnnislalaslagauesuin

= a dy i o 4,( ] [~3 Ad‘ d” dll
Ltmﬂm‘n@hﬁlmmwﬂsm@:mmuimm WAZLNAAUBLWNIIALTININATNYURDHNGITY Taglanziie

grunnigandn 60 °C dsdumndaanisineaneiniadu lnalfinaansaluinubasclinngaaos

q

6
Ufisanngungiandos wazguuupinnizaniaunsaialiizeeanasmindulin wazlus

nmaialfisenlalaslagaliiinganuly fe 60 °C

WA : nsuaneislesmafifegnarunsruaIniniulduAy >
Commercial Production of Ethyl Ester from Crude Palm Oil

ADUATLUASWAILNANUNAUNUATNLETULN N WA AT ALUEAAINTINAIERT NANENFBANIATUATUNS



AMNTNUATIENTTHNNTIAY WG TAENIUNRY

[ % ﬂ’/ £ LAl sy o so’ s & a ¥ 14
pauAsagllsdnszununiseamesiinduresidudndudaeieniues adsldianiues

Uszuns 32% laeiudnaasuisiulaudu Meansadanqsn 0.24-3.3 % Ineniutinaestiiulay

A viFaNNTUANEAdIUID3 FFA goungil 60 °C 1ananda 2 dalug

4.3 nszuaumsnaudlasasifiaduihiuthasfuiiunszuiunsiaanas ey
(Esterified Palm Oil, EPO) wazunaiulaais v |

431 Anwiladedvsnaiuguidsenmafaliiiameudeansifedureeiioeames
AnsanTRTes EPO AElUN1IMAaes Lanesans 4.5

1319 4.5 AnuaNiBuIduLan EPO Mldlunnmaases

EPO Properties Results (%wt.)
Free fatty acid (FFA) 1.32

Ethanol residue 20.50

Water content 0.32

4.3.1.1 uaresdnduimaluasesianiuaasa EPO

dewannlu EPO Buduilienueawaeat 20.50% visdniludadiuidalusrosueaneaed
At duay (Crude Palm oil, CPO) Sudutlszunn 41 fetwdledh ero b ETRVIERIT
Lﬂ'&LM@?‘WLﬂ‘ﬁ/u%ﬂ;l’ﬂuﬁluﬁw}mquuﬂﬂLﬁﬂlﬁﬂﬁﬁ?‘ﬂ%ﬁﬂﬁﬁ%u ANNNIINARBINLN LB LAY
Frdudaluareeniveasuni lidndoudeluazaseniuaara CPO HAndu6:1 -8:1 azili

[ %

ANLBEVETRseRialeanafgedu lunny Buin KOH fidnm dauwanslunin 4.2 wiilialfifFuno

% 1
=& 9/

LENLEAgITNAT QY AtIE A AABFUNTTUIUNTUANINANINAUAIY TIREAARBINLHANIINARDY
489 J.M. Encinar et al. (2007) fINA199 1 aN14aaacTA2919N131 e NN As T IN9e AL AR S ULAZN AL TR E A
\Hasannianiuaafiiudeainnisindideazinlian nasuiidanazacunuiuiuaedndiaesas
¥ s a c é’ a :’« =Y 1 dl
AraaZINAALNA U AARAAATNINTW ATUEAdLIT NG 229@NTUBARE CPO NnN1zaNIunIg

naaBtat Tt 6:1 - 7:1
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100
95
& —% 3
52 90
g
S
a 85
80 ¢ L 2
75 T
61 71 81

molar ratio EtOH to CPO

—e&— KOH 1% i KOH 2% —a— KOH 3%

AN 4.3 LAANAIA9An 4219 TNAIENIURAFE CPO NHNARBAIINLE4NT10eNALAAAT

a

Wald1iu10s KOH 1-3% (@n1aznnsvaaas: aouuni 60 B9ANEada4 1981 15 W1W)

4.31.2  waresdfunasaisaLfisen
ﬁfaLéqﬂﬁﬁ?‘mﬁ'lﬁlummmamiﬁun’ wunadeanlansanlas (Potassium hydroxide, KOH)
TamudnilefisnBunm KOH 3uludas 1.0-2.0% @:dwalﬁﬂqmu?zw%rm@u@%L@mmﬂﬁu%u
athaiitdAny wiiledadiunos KOH Wl 3.0% wudﬂmmu?@w%fmmmﬁammaé’quﬁu’%mﬁm
Antles Fauanslunn 4.3 wenaniu deld KoH 3% Az liiinayluszuuganin nasuana
efaanefifundgeseaiatuein inlinaldrevefiaeaneiin felulun KOH Mmnzanlu

} %%
ANINARRIL Aa 2%

4.31.3  nar2aa1lun1sinlieen

vnsAn et lunsindfisemaudieamesiadulugos 10-60 Wik wudnlugas 1015

=

w1 Ufizenaziinatiesaise Tnaiinan 15 -30 Wi azliAiauuignivecniiaeaineigege

q

Wity 91.58 % waziiuanun1sindizennannds 30 wail ANLTgNsTIedeaRaIAefATanR1A

@nien esannuaresdiizendaundy dulunanlunisidjisennuanzandmiunimasesil
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& = o aaas = 2 [ d‘d 1 o & a '8
Ag 15 wn leananadluninmindgiremsudiesnesiiafuniireniuiignareseiaeaines
WRAPNASNIN 4.4

100 - -
95 :
2
S 9 : - *
=3
85
|
80 ——— ‘ : - ‘
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reaction time, min

NN 4.4 uamanatednatlunisinyUfisanniidennutigsreseiaadined

(8N192N1TNARDI: KOH 2% frunnil 60 asAgaiiea dndaudsiuaianiueasia CPO 2: 1)

4.3.1.4 uar099nn NN AzeN

Kl al

Taailuudagamgdfmunzanlunisinl jizemmudieameifiadua Tugung s
IndRtsiuqaRenuaanagad (M. Canakci et al., 1999) ANNITNARBINLINGUUYNLUTI 60-80
asrIaiFaa axlfiranuiigvsreeiiaeamnefindiAtaiy u@ﬂmﬂ&umﬂ%ﬁfqmmﬁ%aLﬁundw
aniFanieantuea (78 aspnaaiing) Sedsnalfifanissmveeangeaeniueadein 1o dals
Tadanysoiidui LL@:fqmuqﬁﬁ@qLﬁuﬁgmﬁ'}@mLL@aﬂ@a@ﬁ@:mN@'LﬁLﬁmﬂﬁﬁ?‘mmmﬁﬂmﬁmwdw
ndgalssiu KOH Fsazdnaraniafindfitensudeamesfiadu (L Lin et al, 2009) sauila
daaaensusninasedeiaeamaiusznaaaseald ﬁqﬁu@mugﬁlumsﬁﬁﬂﬁﬁ?mﬁmmmulu
n19naaedArsaglugae 60-70 B9ALTALTE T,mﬂNafqmunﬂﬁlum?ﬁﬁﬂﬁﬁ?mmm&%Lm??ﬂm%uﬁ

BRI INLTEVEIR9NADAABTUANIAININ 4.5
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reaction temperature, °C
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NN 4.5 wansnatedgnuu)i luneinlisenniiseauLiqvsreeniaeanes

(AN192NNTNAREL: KOH 2% 1141 15 und dadauideluaianiues sa EPO 6: 1)

432  Anminszuaunmsuanvaeiiaedimnes

ann1sAnetiadesinge Adluasanisndnefiawamas an EPO wudnluynaniaznng

a (¢ = ] o v g ¢ dll
naapdealesineiuaznaesesazliauisouanidasanainiudausliinos lasaimEuin
Y | ' Py  — o = Y o o o Ry

ayminnanlussuudeudiege Wamsudunsdlnislfiuniuesiuwaanagad feiulqdas
YnsAnEnszUaNnsuEnnaleiaieaeaiaananndigesea laanisinasauiefiuas ann
AuENTRE9 Y 1W W1 waznAeseatiinsng wikuALe uazdaisiianunsngadunfisases
16w Aluminium silicate W8¥ Resin PD206 laanid nAl9959813418 LaztndaNnTodaauanieia
iedinafeanain nawases ligegauazlndineiu TaalfiBunouefiaeamailezunns 80% ege
ad s naasean b unTuE WA SBUYTEANTAL (73.51%) WALHANANTUN DA NIUNIZAN
ludiureereadefiasiialy AN wIesndgasaandaInueneiawanes uazsunulunisuan
waudanud nsldnageseanitunisuanagsduvidianumunzaniiniiga lnanaaasia

wazBunadnsidelunisuananlsaFuniefiaeamaiiuantd LanIRIANe 4.6
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A9 4.6 wastianasliun a9ty i lunisuaniafaladinasaanannnatases

Reagent Amount of reagent,% EE,%

Pure glycerol, 95% 10 79.79

Glycerol after separated organic phase,

75% 10 73.51
Crude glycerol, 45% 30 36.38
Water 10 80.06
Diesel 100 70.03
Aluminium silicate 30 33.31
Resin PD206 50 -

433 mandnefiaeamnaifaanimiiliten 2 af
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=l = g’/ o a = o & Z/ o a o’dl o
15 Wil wanndasaanisi 1 sanlaanisiAunditeseatisqns 10 % ntuieiaeamaii il
Uifsemmudieameitiaduaiaf 2 1 dadoudsluateniuessia CPO sau 7:1 170104 KOH 0.5%
gounndl 60 asAraldus uaziaanlun1minujiten 15 undl uanndieasanaia 2 een Taanisiax
= o £ J } 4 ~ rdld = £ 42’ (=1 ) ¥ a
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i 14 1 ¥
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AW 4.7 Fanauayfiuaisine Wlffemamudeanafindulaefiunues wzenveaiiy
WAANAIRRN
(@anTaz: Fngoudeluataanuseueanaesd 1:6 Fu1os KOH 1%wt

VAWMU 30 WAl uaz goumnil 60 °C)

4.3.4.3 Anmanvauazuuannaudlatlygwlunssuaunisnanieiiaeanes
ARRAIUNALTIBTIARGAREL (Glycerol/Soap ratio, G/S ratio)
AINNIsANHIAINLANAINTENI1INNs I iun1uea uaziantuealunisindjaten
nudiaginaiiindu i liifsannsigiunisisgdaduiiatioslunsdiniudniefisleamaianaun
andadaures 6/S laafluurAaidrazdeiidranududuingidnilsluniaisgdadu uasiliaay
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LATWUIINALITasRALATIRAIAaFAz AN TauEnaanaIniulFAeutnsanysal ilalAdndan G/S

(G- olvavvv
1

nnNNd 8.5 Teqatitaifluddngm nevinAdadon 6/S ArndrAIngmazinligdadudensany

wiasey denalindueseauazieameiianinasanainiulienn AmuannAgiuresdadou G/s Ui

AnEuli/ldiae druFunanmeasaienAdndon G/S Ingauanifianin 4.8
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G/S, mol/mol

700 1 -
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mole ratio of methanol to ethanol (total mole = 6)

dl N tdl _ d? dl 7 & 1 1 dl as = '
NINA 4.8 G/S ratio MinaTulelTilaanegeananssnitiunuassaienIueandndudainamne
lunsindfisaanmudieanesniatu
(@n19z: dagruicluarestniusalaanaas 1:6 SN0l KOH 1%wt

wamUiEen 5 i waz goumai 60 °C)

NRADIAILT I NTEN

o ' ¥

padalfisenatinsinge  deaseBunuaiifsauluszuunisndnefiaeame Msnaiu

EY)
1 ¥

eBnuaynineauluszuunisudniefisednefidaldfiasaljiden KOCH, KOCH,CH, KOH

waz NaOH 1ffunm 1% fignumgi 60 °C usvioanlunsinufisen 30 wiil uamsdanin 4.9 a9

Bunuayiuanseiutiazinligen G/ ratio Auansneiu lnawudnielddusalifisen KOCH,,
| SN

KOCH,CH,, KOH waz NaOH A1 G/S ratio NALNIL 10.23, 9.78, 3.68 Uaz 4.39 ANAIAL AN

@ald KOCH, war KOCH,CH, ilusiadeljidenaznud nditesesusviaialedinasaunsauen
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wasananiuldlaaanAuiesusaiiudaaingy Sudsnalinaldrasefiansneigeuninnds 90%
TrafiAgalndipasiunstirasuiiaedimned (95%) Aauandlunin 4.10
awvadrAgyini liiisaydsu e ldaosalizanlungs hydroxide (KOH  uaz
NaOH) Aansuansalunasnagasiiaiuii Taanazifiun asiliujiseazneliinduialia
d‘ dl ° a %’ % ' aca | . 4 -2
FadavinnismaaaulpaFndiasludasaliisenlungy alkoxide Aa KOCH, UFnim 0.3% (winfiu
W iiiatuaInn1suansiaaedsagelfiseneiia hydroxide A KOH) wudndmsinisiingy

A9TUBL1TALAY FILARlUNIN 4.10 FaaraRlNAANITLENWATTUINUENABALAASUAZNALTATRA

al

soap produced, % of maximum soap

0 2 4 6 8 10 12 14
time, min

—— KOCH3 —— KOCH2CH3 —&— KOH -~ NaOH

NN 4.9 unrasriasasfien ey lussuun@niefialeanas
@19y AndowdaluareaiidusaenIues 1:6 Usnnusadadizen 1%wt

wamUAEeN 30 WP uaz grungi 60 °C)
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waMUiEen 30 Wi uaz goamai 60 °C)
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aeinglsAnndauddnnisldsasal §isanlungu alkoxide azsiliiianisuanduszuingiana
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laRasuaTNAIases winNLTgnireefisaanainladalidiunusininggiurensugsna

q
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o dl o 9 A v =~ a ' dl aan
wmmuwmuumh ARRANHANMNLITANDUIBILBALABT NINNIT 96.5% Lummﬂﬂgmmm'\uﬁmmm

q

¥ ¥ 1
a Y o o A

Fpduiildlunisnanefialeanasii ulfiTeddunduls safuileindfitouazilnanin
Aoty azmlidnsinisiiadnsendias AnfaumAnnisuaninaresdindan /S ssArmdnlu
sreziaan Buusndasnaiandesaaaintjitanmudieameifinduazgendrdnanisiiaay
Andngdau G/S avguuazuanalalagdne wiiflananrinuldnsnsfiandmeseaazanas luansd
Fnsmafinayazgetu inlidndou G/s amasitedanalinsuanmadaldlid nsuaniea
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AlFTanuiEgndunwaiazinunouTiinsguls

435 ANHILATHAUINTZUAUNNINARAIETABAABTAMNINGIFIETZLU CD process

[ %

fladefidanasianszurunisndnaiiaeanaifngszuu CD process lAgnAnmAsil
4.3.5.1 Fndoudsluaraniniusaeniueaiinan lunisinl it

anmsAnsnatesdadaudsliuareaiiuseieniuealudos 1.5 - 1:6 Iaeld KOCH, 1%
usqsaljiten warguiugilunisindjizen 60°C WU91 AMINLTgNDTReda

e A X o4 - ¥ o S X o - S
lnanefasiintwiledndaudelnaresindusaaniuasiiniu Inedadiudaluarecinduse
ENUBALNAL 1:6 uazanlunisinl§iFensaus 0.5 faluculdacuFgnareeiaeaneiils
AzNNNGT 97% Tidndoudaluareindusialeniuaamingu 1:5.5 AnLTgnaradaiaedinaias
w1nndn 96.5% lararlunisinlfataaindy 1.5 4alue uaziidadouids
Tuaranindusieleniueaminiy 1:5 AnuiFgnivediefialeanaiiaAggai 92% 7 1arlunisin
Ufsen 1.5 Falus fuamalunin 4.12 wraginelsfinunisldianiuealuFuinuinaziinase

o ! = [ $ % ] ‘dl )
ANAINN90NNTATANE (solubility) 189dtluaresiefiaieainainon TnanudNdadaulta
luageninfusieleniueawinfu 1:6 aziiuusylueiiseanefgasonituiu Inafinanlunimin
Ufjfsen 0.5 Falua FuNnus1]gatia 18 g soap/kg sample Fananalunan 4.13 T ffuiniayacdang
Wi lunssuaunisdsinanuazaiaefiaeameiunnay saudegadaeiiaeainaslliunis

Frreudnege daudadoudeluareniniuseiemueaiiguladnmnsess 1:5.5
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4.3.5.2 1a1891051104 KOCH, s Tunsinujisensing
AN INAT891 5N KOCH, lutad 1-1.5% Walddadauidsluaaesiniiudaaniuas

15,5 Uazguu)ilun1snUfizen 60 °C wudinsiNLEuNm KOCH, 4 1.2% azdqelinanu

a

us

s

AVT10NLaNALaALABSHAGILTEN W 98% ﬁwmlumsﬁﬂﬂﬁﬁ?m;mwi 0.5 Faluaduguld 34
In&iAasunisld KOCH, 1 1.5% Fauaaslunin 4.14 u@nmn&uwudnﬁmmagluLWaL@ﬁ@
Lfamm'ai‘*?imﬂuma‘ﬁﬁﬂﬁﬁ?m 0.5 Falia HA1svanns 10 g soaprkg sample %qiﬂ@;qmnﬂﬂ Tne
ﬂ?uﬁmﬂyﬂmﬂﬁm@ﬁLﬂﬂ§ﬁL0@ﬁﬂ°ﬂﬂ§ﬁ?‘ﬂ’]ﬁi’N’] luanmaznisuandagaudsluasasinduseien

uea 1:5.5 aounnilun1siUen 60 °C uariFunad KOCH, (i 1.2% uapdaanin 4.15
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NN 4.14 1a129UFNN KOCH, fapinuiidgnsredeiawamed Nnarlunisindizensiie
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retention time, h
A 4.15 BanaylueiaeamasinaninUfisensie
(@n19z: dndouimaluaraeiniufeianIues 1:5.5 WA unni 60 °C)
pauannsaagllddnaniozimnnzanlunisndmeiaeamasiaun dndauda
TareniniuseenIues 1: 55 SN KOCH, 1.2% wanlun19indisen 30 win uazgoimgi

60 °C TaNARANBTNIAATNIAMNLTENE WaTNals WL 98.0% WAy 93.1% AINATFL

4.4 NSTUIUNITLARLADI NLATULAZNIIUALAALADINLATULLLABLHAITUIA 500 ANT/AU

441  HANINARAINITBAADINATURNNULNANAUAEEN LA

HUUNNIBINIVANBILLLGARINBNEREN9989  Taguchi  Twtasgaungii 60-70°C  uamalilu

NN 4.16
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NHELIIR Run#5 A confirmation run

nranaareensa lafudasyaaflunaainnisindfiraeanediiadu uansaniee 4.7

(LNTANNINARBIRINNINAGBITET 90 11T 11189370 retention time #i7)

919 4.7 Ansslaiudassilldainnninlfirenesweifinduuiuseiles

Time Average FFA (%)
(min) Run#1 Run#2 Run#3 Run#4 Run#5
0 7.07 8.32 6.11 6.24 7.50
30 2.01 1.69
45 2.07 1.63
60 2.37 1.00 1.36 1.60 0.85
75 2.51 1.72
90 2.52 0.95 1.27 1.74 0.81
120 0.99 1.33 0.74
150 0.99 1.47 0.80
180 0.98 1.53 0.88
Average 0.81
Cal FFA 0.90
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NN 417 wamsAn FFA Nidnganiuzangailianaisinulilszunns 2 wined retention time (2 RT)

9.0 -

80 M e RUN # 1
—~ 7.0 o w - Run#2
52
oy 6.0 N Run#3
o 50 - 3 RUN # 4
s 40 - i R0 # 5
O B
E 3.0
e 20 - s

1 O A A

0.0 . | : . : .

0 30 60 90 120 150 180
Time (min.)

AW 4.17 nealasiudassnanag

R174 4.8 LEAYS response characteristics 12INNINARAILUL Taguchi HaZA17N 4.9 LAAN

response table AW 4.18 L&A response graph

1719 4.8 Response characteristics

Factors Response
Run No.
Cat MR  Time y1 y2 Characteristic (y)
1 1 1 1 2.37 2.52 2.44
2 1 2 2 0.99 0.98 0.99
3 2 1 2 1.33 1.53 1.43
4 2 2 1 1.60 1.74 1.67
T 1.63

v
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M1979 4.9 Response table

Level Cat MR Time
1 1.72 1.94 2.06
2 1.55 1.33 1.21
Delta 017 0.61 0.85
Order 2 1
Select Cat 2 MR 2 Time 2
v = T+(MR2-T)+(Time2-T)
V] =0.90
25 4
§2.0 .
=
g 1.5 4
g -
o 1.0 A wiff= Cat
05 - MR
L i T @
0.0 l . |
0 1 2 3

Level

NN 4.18 The response graph

HATRINITIAALAE I LATUENTUUNANALRT AN AT HR AL BNAULANANN A VAL AN U A

Feniiunnshignimnil 60°C lwan 3 RT Taadl response characteristics uwamAnsalasiudase

|

LRALT 1.63 Wt%. UAIRINILATITIAT94 response table (A4 4.9) wandlidiudndlifies 2 daurlsh
=t os o % = o s 7% [ d’ld ar < (% ]

AdudAty Guamuarsuannuinlides fliae waiinifiu wszdnsdoulasluarasieniuaasa
nealaiudase daulSunusasaliisen (naadafiain) HAn deita deandarenilarassiadatly 1o
° @ ¥ o ° . = ¥ o a o A o
anflufiaainnnAiuan predicted FFA aganadasiunaan response lun1nd 4.18 nealasiudasey

AuanelFannannis predicted FFA A 0.90 wt% nd1AeeiL 0.81 wi% #ildann confirmation run

v
RULNLWAAE : nMTRARleRAIedRe ST RaunTTNA ML AN
Commercial Production of Ethyl Ester from Crude Palm Oil

v v
ADLATHUAZWALNAMIUMA LA dN waz TNl AsAransTuANART udnendsasrauATuns



ANINIIUALZNITHAN TS WISTNR FENUIAY

¥
o o

pariuatNzoagllaan annafimnzanteanszuaunneamesieduiuuseiioewiny
Uhduduiuieniuea Ae wardnfiu 1 dalus drsdoulneluaresenueasensalasudasiy
30: 1 uaztFunauinalisendiu 60 wi saensalasiudass Gsaunsaannsalefudaszann 7.50
AN 0.81 wi%. TasiBurnaanaialuiniuludusnasandl 21.70 mg/kg wAelutingy
LARBTHIE AN 1.01 mg/kg

] £4

atalsfinn Snnnsalaiudassivdenadqaieliananindt 0.5 wie defudvuned
o e o ¥ oAy [ & v % a & =t [ ¢ g 1%

arauds fAdelfaamasaunszusunisieameiiiaduuuuuund daadelfnsaliduafuil uazdas
anazitwdeeiui idluiuusieiias wudn nealeduBaszansnsoansamde 0.5 wi% 16 mnnafiiy
iUl arunsnasunaldiainnis@nmnaag Leevijit et al. (2006) 70 Transesterification of palm oil in
series of continuous stirred tank reactors. Leevijit et al. (2006) MU maudieainainiaduaag
%j ar & = 9% as ] d' =S 14 o & 1 = o o = «
wnhduzddaamiuesludinousiedies 6 stages Heazldnadnfidunasfudadfnsaiuuw

o A ASI [~ 1 ﬂgl’ [ %4 ] ndl = 1 o v o dl [~1
WL TUTRLUL plug flow ndlumutinezieniusaLiia stage LA89 1Nﬂ’13~l’]i‘ﬂ‘ﬂ’11v]Lﬂﬁﬂqi‘N’&N‘VlLl]u

]
]

\Waneaiuagauiazg (nonideal mixing performance) B8MNTIRLLLLNTWIBLUL plug flow Bl 4
a1aillasntannnisluadau (short cut flow) Wenisiinqadi (stagnant zone) Aatiu fanausieLias

= @ 9,8 & = = A = 1 o o &
amas LD 6 stages TeazdtlszAninmlunisnandmnduuuuuundienuy plug flow

100 30
SEPEOTBG g @ *
T X XX
+ % 4
o5 o] OB+ x a A
[ ) +)2( A
E o | .
e i x A
< & ‘@x
90 I, %
27 = X
D 3 . A
= = A
[-W & A
85 33 o X A
o A
A
80 8 X
0 5 10 15 20 %

Total Residence (min)

NN 4.19 Predicted purity for the transesterification of paim oil in series of CSTRs at molar ratio
6:1, temperature 60°C, NaOH concentration 1 wt % of oil; (A) 1-CSTR; (x) 2-CSTRs;
(+) 3-CSTRs; (Q) 4-CSTRs; (A) 5-CSTRs; (0) 6-CSTRs; () 7-CSTRs; (@) PFR.
(Leevijit et al., 2006)
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3 o a ] dl Adl Gl Qs d’l ¥ ¢
dwiudanausetiasildlunszuauniseawmesiiadull Uscnauson 3 stages udidnisluas
WNLLeFIR9NTNAN (N, = 20,249) arflAaluszfiu turbulence RN WANTHANTBIMAINTAT
gounndl 60°C Wnilwdamanduatnauiase anannladld mnfasnisidnisnanntieliu anasasld
dl é’ ) d”dj 2% = o/ d’l o A
stages NnnTundtEazdanalinszuauniseamasniaduluszunil awnsoannsalaiudasy ag
wWae 0.5 wi% 18 Jailutlsviauisiasdnmsialyl
UszANEANTINASIUIBINTTLIUNNTIEdIAE T LAT UM e fanausalasedn 72-78% Dadn
) ol
atilunusing

m13149 4.10 Energy efficiency

Energy (Wh/kg CPO)
Run # 1 Run # 2 Run #3 Run # 4 Run # 5

CSTR 28.24 41.28 34.92 29.44 33.94
Theory 21.67 31.31 25.72 22.56 27.05
Efficiency  76.74% 75.86% 73.67% 76.62% 79.70%

442 NITUIUNITNFURAFLADINLATURLLABLTEAIUUIA 500 AR5/IU
NITNAABINTLUIBNIININURLBALAGIN AT ULLLABLIAYE 3 N19INARAY NFTENFaaanIny
e wameldlumnse 4.11 4198193

A1319 4.11 ugaaniazlunisidinseansudiesnesiiaduly CD reactor

NITNARAY
an11zluNNIvMAaeY Unit Run#1 Run#2 Run#3
dmstlaun EPO L/br 12.86 35.62 35.34
Buntunsa lasiudas % 1.18 0.65 0.53
BM31491 Ethanol: TG Tua 5.7 7.73 5.66
8151491 KOCH, TG Tua 0.2 0.2 0.2
aouUNAzeN (°C) 56 67 66
LAaAun (Min.) 60 25 25
UNUSUARY mmﬁmL'ﬂﬁﬂv:mLm'ﬂﬂ’mqmmnﬁumnﬁﬂﬁuﬂﬂﬁuﬁu winf 67
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Time Catalyst (%) Soap (%) Ester (%) AV (mgKOH/g)

Run# Run# Run# Run# Run# Run# Run# Run# Run# Run# Run# Run#
(RT) 1 2 3 1 2 3 1 2 3 1 2 3

1 045 016 026 488 292 274 9731 9485 9649 057 071 0.68
1.5 0.44 4.42 98.95 0.72

2 039 018 026 427 320 281 9895 9895 9895 0.55 075 062
2.5 0.35 4.13 98.95 0.73

3 032 023 026 392 352 287 9895 9895 9895 060 065 0.64
4 0.24 0.26 3.62 2.87 98.95 98.54 0.70 0.57
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Recovery Alcohol from Biodiesel

3 Heater Temp.

=3 Flash Tank Temp. —a— % Recovery Alc.
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200 + 8000 %
i : R
o : | 70.00 g
g 150 1 60.00 £
g 1 50.00 §
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= 13000 3
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1 10.00
0- 0.00
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Recovery Alcohol from Glycerol
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Biodiesel Temp., C Flow rate %EtOH

Experiment No. Heater  Flash tank L/hr ini, wt/wt fin, wt/wt

1 120 85 24.00 16.22 12.98

2 140 92 24.00 16.22 9.98

3 160 100 24.00 16.22 6.35

4 180 108 21.43 16.22 4.66

) 200 125 21.82 16.22 212

6 220 137 20.00 16.22 0.96
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Glycerol Temp., C Flow rate %EtOH

Experiment No. Heater  Flash tank L/hr ini, wt/wt fin, wi/wt
1 120 85 23.08 34.00 29.20
2 140 90 23.53 34.00 24.40
3 160 95 23.08 34.00 17.61
4 180 100 21.05 34.00 14.80
5 200 106 21.05 34.00 10.80
6 220 115 18.18 34.00 8.00
7 220 150 20.00 8.00 0.40
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A998 4.14 nsanraylululedis (ehawawmas)

AT 1 dmiin, g AEL, ppm
lulediaa (ehaledined) 100.00 24,125
NaesRaTiHIuNNs TN e 23.67 23,284
vuiinaan 123.67
PAIRINNTULN
luledita (lehalednas) 69.15 3,240
NAreseadirun1sTe e ALY 51.23 146,117
sninsan 120.38
ASIT 2 Wi, g AL, ppm
lulediaa (efaledines) 100.00 24,125
naLtesaaAgns 12,56 0
Ymiinsan 112.56
PRIRINNITULIN
luTedita (ehalaawmas) 84.79 996
NaltasaL3qns 23.46 90,674
Tnutingay 108.25
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518119 AANIRUA A1 [/ DATIFY/N 26
FAsen AN MNNINTFIY nagay L
1 whardwefFauasingitmin 99.65 He ldendn 96.5 EN 14103

(Methyl Ester,% Wt.)
2 AU LU W goungi 15%7.RATaniuy 882.2 e ldsanduas 860 ASTM D

gnuAArLNAS Tiganda 900 1298

(Density at 15 °C,kg/m3)

3 ANUila tu gruugi 40 Crerunalangd 4.60 dw Wsndiusr 35 ASTM D
(Viscosity at 40 °C,cSt) Tigendn 5.0 445
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AMIMNUANENITHNTIAE WA TR
$18Ms Tafvun A B/ Angga/si Br
LIGER Y BT ANNINTFIU nasay ¥
4 qan e dua 167 W dand 120 ASTM D
(Flash Point,°C) 93
5 fusfufesasiaaiwiin 0000097 & ligenda 0.0010 ASTM D
(Sulphur, %Wt) 2622
6 mncutesaziatiuiin 0.23 o ligandn 0.30 ASTM D
($awaz 10 TAININAMABAINNIINGLY) 4530
(Carbon Residue, on 10% distillation
residue,%Wt.)
7 Wiy na - s 51 ASTM D
(Cetane Number) 613
8 damnfenaziamiwiin <0.005 i Tgandn 0.02 ASTM D
(Sulfated Ash,%Wt) 874
9 th¥enacneniwnin 0.123 T higanda 0.050 EN IS0
(Water,%Wt) 12937
10 dnudleuimmntanaciandumin 0.0020 i ligendn 0.0024 EN 12662
(Total Contaminate,%Wt)
1 N1IHANTALLNUNEIUAY 1a W Tlganda wuneas 1 ASTM D
(Copper Strip Corrosion) 130
12 wdasnsemainliFaneendindu 0.06 i hisindn 10 EN 14112
o i 110 eamTades G2l
(Oxidation Stability at 110 °C,hours)
13 Araaruidunsm Hiaaniu 0.56 Tl higendn 0.50(0.80) ASTM D
munadunlansenlad/niu 664
(Acid Value, mg KOH/g)
14 Alalanu ninlalefw100 nin 51.31 dm liganda 120 EN 14111
(lodine Value, g lodine/100 g)
15 niadluatinifiaeamef  Yewac 0.06 e ligenda 12.0 EN 14103
Tnenirntn
(Linolenic Acid Methy!l Ester,%Wt)
16 lenan Yenazlatdwin <0.01 o Tgenda 0.20 EN 14110
(Ethanol,%Wt)
17 Tuilunauelssfenasineminmnin 0.56 W ligenda 0.80 EN 14105

(Monoglyceride,%Wt)
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F1801s Taniiuun A1 B/ Angrga/m 78
AsEd  An PTNNINGFIU nagay ¥
18 TandiaelsiFenazlneminnin 0.18 W higendn 0.20 EN 14105
(Diglyceride,%Wt)
19 Tnsndelsi¥eaazlnetmin 0.00 b ligenda 0.20 EN 14105
(Triglyceride, %Wt)
20 naeIudanSeuazlnatimin 0.00 i ligenda 0.02 EN 14105
(Free glycerin,%Wt) (ASTM D
6584)
21 naeuiannfeuacinoimin 0.17 H Tganda 0.25 EN 14105
(Total glycerin,%Wt) (ASTM D
6584)
22 Tavengul  (mfsnuazinunaidan) na - Tdgandn 5.0 EN 14108
daaniunlaniu unT
(Group | metals (Na+K)mg/kg) EN 14109
Tavzngu 2 (uraidanussunniidon) Tgandn 5.0
faanfw/Alaniu prEN
(Group I metals (Ca+Mg) mg/kg) 14538
23 vaanaFafanazinainnin 0.0008 e Tigenda 0.0010 ASTM D
(Phosphorus, %Wt) 4951
24* gTiinusa (H§13) - - WhiluldauilidFuaudiureauainesus
(Additive) ATHETAAWAIIY
25+ 3 - - XpN] mInanila
{Colour) AauRIEM
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Taavnutneedlulemaanazniuiduman 30w dana i i iAnvindy 0.027% WAz

HUNOTNIATEIHIBINTNETAANA I

ArAnulunsadeazasluta 0.55-0.75 mgkOH/g Teansnsaudlaldlnefnsneadliazii

asr o dl = ] a '3 :/’ as ~ rdJ o £
nsaludassivaentluefisiaaines ludunaundsanuennageseaeananiadined T99xnnli
Aanraziiuldd ilesannlifindigesaadaaaranisidvind §isenaessins duFuannududues
Al lunsairrauiiunsaatlutag 0.55-0.75 mgkoH/g M inunadunlansantad winfu 0.1%
Tnenwineawmas azansluaniues (Tunoeniues winiu 3% nauiutineasas noulseunng
15 wf antiidahieame i unmidansaladudasvidngnisuenpueanaged N1sA1NUATNNT

[ 3 rdld 5

Adnin AavlfefialeamaiifiA1aaudlunsefianingt 0.50 mgKOH/g THIUNIATIIULBINTH

gINANAIU

Aadasnnsensfisljiseneendvndu aziiArAIndnnusinnegIueeInsugINAnNasu
un wagnunsaudlaldlaefinarseiifeiinAiatiasnmseniaiedfiseeendindu SeldAn ans
Kerobit a4t lwlulefiaanisnunnsdnaudadnuau 1,000 ppm awinldauatasninsanisifinlgnsen

aandaduiiAinty 23.4 4alue Teihunusininsgaurensugsiandeanu
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AUYUALT
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TraFou 0
(1) gandnlulenaa 400,000
(2) TATTIMELBANDERN 100,000
(3) gadslulamis 50,000
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A1914 5.2 YNNI ULAZIIAINIT 1A e Aad

nmsuantlulafiaa Suupadu  siAsaruIE(un)
(1)CPO (kg) 601 26.4

(2) EtOH (kg) 108 20.44

(3) Sulfuric Acid (kg) 20.36 30.41

(4) KOCH, (kg) 31 90.95

(4) ¥ (kg) 30 0.02

(5) 1WA (kwh) 454.89 3.0

(6) Lﬁ;u (150 L/kg resin) 4 100

(7) U399 (AY) 2 200

LN NEHUAAIAIAII19 5.3

F1979 5.3 LARIFIURUNTLInga i

punwlunisiingednm 5% pasyanTuny

gonanlulaniaa NRANTNAU(LN) ArtaN1ing(un)
[EXEGIN 0 0
(1) gondslulania 400,000 20,000
(2) FATTIVEILRANDEDA 100,000 5,000
(3) gedelulafiaa 50,000 2,500
4) qmm‘émuf’ha?m?uﬁ VAT 30,000 1,500
29,000
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TENIUIAY

A ldANeRaandnansTan 10 Tuaniiamisn 5.4

F1919 5.4 Aldananaendindnsdin 10 1

J Ll a g ja,
A MRN8 ARBAININTTIN

B AT 580,000.00
ANANLINNNT 53,234,210.09
ANEBNLINgY 240,064.22

54,054,274.31

AN 30,323.81

LCC(un) 54,023,950.49

FeazynTsumunsuaneiaeanefiviniu 30.84 LW/ans

wnlisanluladsananeldisaaanlussazioan 10 1 winfu 36.5 U n/ams sasuaas

TATan1s uanelAsamnse 5.5

A9 5.5 wamareiulasanissetl

F185uAnTATINNg
IR Valal! FIAIABNUIE F9N(UN)
ONCERTE 175,000 36.5 6,387,500
(2) NALTDI0A 31,600 5 158,000
LY 6,545,500
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AU AMAINTHAR (500 ARTARI)
AasansuaRsiall (a9 175,000.00

Frunund 580,000.00
FuUNITAINNIT 53,234,210.09

AVAVREL PGYRER 240,064.22
sausuUAaanatglasinig 10 Y 54,054,274.31
YAATN 30,323.81
sansunuiiladugalasenis 54,023,950.49
AUYUAANUIE (LN) 30.84

FeazldrzazinaAunu 6.31 1

NHIEILNP

LEZIIANAUNY = RUaWNIzUa Ruangnasiel
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Fenrsnagen: Refer to WI-RES-GC-001 and REF-RES-BSEN 14103:2003

m%mﬁa‘nﬂaau: Gas Chromatograph, 6890, Hewlett Packard, USA

matinmsnaaeu: Gas Chromatography with Flame lonization Detector

aNITMINAaIL: Gas Chromatograph

Inlet temperature: 290 ° C, Carrier flow (He) 1.0 ml/min, Split ratio 50:1 Detector temperature: 300 °c

Oven initial temperature: 210 © C hold for 12 minutes Hydrogen flow: 30 mi/min

Ramp to 250 °Cat 20 °C/minute, hold for 8 minutes Air flow: 300 ml/min

Column:Varian CP9080, 30 m,, film thickness 0.25}lm, ID. 0.32 mm Makeup flow: 25 ml/min

TWaPEARIBE: TuTefiwa oM 2 Medn
HANSNATDL:
%E)ﬁ";’é]thﬁ % Ester content (%RSD) % Linolenic acid methyl ester content (%RSD)
TuTefiaa 3 99.1 (0.02) 0.1(0.2)
luTofira 4 96.8 (0.01) 0.1 (0.1)
InBIETNIg I ik 96.5 % higandhi12%
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FEnnaweu: #1409 WI-RES-Hydrometer-001, REF-RES-ASTM D1298-99%,

REF-RES-ASTM D 1252-04 110y S/W-RES-Hydrometer-001

A a
NTBINDNATDY: Hydrometer
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aNITNINATIL: - Objective : Density ASTM D1298
TuasduafIoEe: i luTefia s 1 Ao
WONISNATOL:
, AT LY o 15 °C anAIgIH
= s r
# 089 SD
(kg/m’) (kg/m’)
1 luTefiwa 882.2 0.1 860 — 900

* SD = Standard Deviation
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#1409 REF-RES-ASTM D 4530-03
High Temperature Furnace
Gravimetric method

wiigunadl 500 £2 °C huna 15w
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HRNTINATDBY
4 i Carbon residue aTnAsgIM
7 ¥ofirem (%RSD)
(% wt.) (%% wt.)
! YuTeRiwa 0.29 7.36
" 0.30
2 TuTefivad 023 5.57

%RSD = % Relative standard deviation
Limit of Method = 0.1 — 30 %wt
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#1989 REF-ASTM D 874-07
High Temperature Fumace
Gravimetric method
wnfigamad 775 25 °C

.
1hauluTefiam $mm ¢ 1 deg

1uTefiaa

nuTINAIgIY

0.02%

%RSD = % Relative standard deviation
Limit of the method 0.005 mass %
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FEnisnagen #1489 WI-RES-831KFC-001and REF-RES-ISO 12937:2000-001
sn’?mﬁammu H Karl Fischer Coulometer, 831 KFC, Metrohm, Switzertand
malANIINAT : Karl Fischer Coulometric Titration

annIsnNtEanNagel :

4
ar

Toazdeafieg : iuluTetma Smau @ 2 deen
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#i Yedhedhy Wi (% wiw) %RSD
1. TuTeRiwa 0.123 1.66
2. {uTefiwa PD 0.027 7.98
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- % RSD = % Relative standard deviation
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MARANINATOL : Gravimetric method
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matinnInaaeu ; Gas Chromatography
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Abstract- Confocal laser scanning microscopy (CLSM) was applied in order to observe the apparent characteristics of
glycerol-ester emulsions in transesterification with methanol, ethanol, and mixtures of methanol/ethanol in the present study.
The CLSM operated with an XY mode using a laser combiner, which featured a red helium-neon (543 nm) and Nile bluc A
that was used as dye. The confocal images show significant differences involved in the distribution of glycerol in ester
obtained from different alcohol systems. In the case of methanolysis, drops of glycerol clearly separated from fatty acid methyl
ester (FAME), which made phase separation easier between glycerol and FAME. In ethanolysis, an unclear formation of
glycerol drops in fatty acid ethyl ester (FAEE) was visualized. When the amount of ethanol in mixtures of methanol/ethanol
increased, the shape of glycerol drops became unstable. This resulted in a flock of glycerol being dispersed in ester, which
made phase separation difficult. The confocal images strongly support the notion that alcohol type is a crucial factor in the

formation of glycerol drops in ester, which can affect phase separation between glycerol and ester in bicdiesel production.

Keywords- CLSM, FAME, FAEE, Glycerol, Emulsions.
1. Introduction

Due to a shortage of global petroleum resources
since 2005, the production of biodiesel has
significantly increased. Biodiesel can be produced
through transesterification of renewable resources,
such as vegetable oils or animal fats that use
alkaline, acid, or enzymes as catalyzes. Generally,
the base-catalyzed transesterification of vegetable
oil is the most widely used method for biodiesel
production [1,2]. Today, fatty acid methyl esters
(FAME) are the only types of biodiesel that are
sold commercially. In order to produce FAME,
vegetable/animal oil must be mixed with methanol
and base-catalyst using a methanolysis reaction.
The utilized methanol is a chemical derivative, and
in some regions methanol is imported for FAME
production. For example, in 2009 Thailand
imported methanol 95.6 kton for FAME
production [3]. From an economic perspective,
ethanol is attractive as an alternative alcohol for

biodiesel production particularly in agricultural
countries because ethanol can be produced from
agricultural resources [4] such as sugars and
starches. However, a limitation of using biodiesel
from ethanol, the fatty acid ethyl esters (FAEE), as
a commercial biodiesel is the formation of
undesirable emulsions in the product after
ethanolysis, which have been observed by various
research groups [3-9].

Theoretically, both methanol and ethanol are
immiscible with triglycerides in transesterification
at ambient temperatures. Thus, to enhance mass
transfer in reaction, the mechanical stirrer must be
applied. Emulsions are usually formed in this step.
During methanolysis, these emulsions are quickly
and easily separated into a lower glycerol-rich
layer and an upper methyl ester-rich layer.
However, in ethanolysis, this emulsion is much
more stable leading to difficulty in phase
separation and purification of the FAEE product
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[9]. Although literature has  comparced
methanolysis and ethanolysis emulsions [5,6,8,9],
their appearance characteristics are infrequently
reported.

In this study, the confocal laser scanning
microscopy (CLSM) technique is selected to
observe FAME and FAEE  emulsion
characteristics. Normally, the CLSM is a high
resolution fluorescence microscopy and becomes a
very powerful tool that more effective than
conventional microscopy. The CLSM contains
special properties that make it more effective than
a conventional one due to its pomnt illumination
and detection nature. In the CLSM, the point
detection is usually achieved through the
incorporation of a pinhole in front of the photo
detector. Point illumination is achieved with a laser
as a light source. The microscope is very effective
at rejecting out-of-focus light with the confocal
pinhole. The light from the focusing position is
able to pass through the pinhole, while most of the
light from the non-focusing position is blocked by
the pinhole. As a result, the out-of-focus parts
appear dark in color in the image making it
possiblc to optically slice a thick tissue or drop of
liquid sample without a glass cover. Light from a
part other than the focusing position overlap with
ordinary optical microscopes, and the overall
image tends to be vague [10].

CLSM is wildly used for structural analysis of
microorganisms [11-14] and food material (e.g.
yam, wheat dough, and bread) [i15-17] In
membrane technology, CLSM 1is utilized to
visualize the fouling materials [18,19]. This
technique has been applied during observations of
the emulsion characteristics of lipids or proteins in
the food industry [20], oil-water-modified starch
granules emulsions [21], stabilization of foams and
emulsions of surface active particles and proteins
mixture [22], microstructure of oil-in-water
emulsions containing crayfish protein as emulsifier
[23] and mineral-oil-water emulsion in the
petroleum industry [24]. However, characteristics
of emulsions from transesterification havc been
rarely examined in research.

According to the aforementioned performance
of CLSM, this technique is shown to be a highly
efficient tool for observing characteristics of
emulsions from transesterification. Therefore, the

present study focuses on utilizing the CLSM
technique in order to observe different physical
distributions between glycerol and ester obtained
from methanolysis and ethanolysis and to examine
the roles of methanol and ethanol on the formation
of glycerol-ester emulsions that occur during
biodiesel production.

2. Experimental

2.1

The chemicals, methanol (99.5 % wt), ethanol
(99.5 % wt), and potassium hydroxide (KOH,
95.0% wt) were purchased flom LabChem
(Pittsburgh PA. USA) and were financially
supported by Specialized R&D Center for
Alternative Energy from Palm Oil and Oil Crops,
Prince of Songkla University, Thailand. The
analytical grade nile blue A was also purchased
from LabChem (Pittsburgh PA. USA).

2.2

Samples were prepared from methanolysis and
ethanolysis of refined palm oil containing 1% wt
free fatty acid and alcohol (i.e. methanol, ethanol
or methanol/ethanol mixture). The KOH was
utilized as a catalyst. Normal transesterification
conditions, the molar ratio of alcohol to oil of 6:1,
KOH of 1 %wt, the reaction time of 30 minutes,
and the temperature of 70 oC, were used for
observe characterization of product mixtures with
different alcohol. After the reaction, 10 mL
portions of sample were kept in vials immediately
and stained with Nile blue A {5 pg of dye per 1
mL of sample) to allow visualization of both
glycerol and ester. In addition, the small amount of
by products were neglected.

2.3, Confocal
(CLSM)

The stained samples were analyzed using a
CLSM (FV300, Olympus) with a XY mode to find
bright plane images. Images were taken using a
10X objective with additional zoom of 2 in 1
micrometer axial step and a laser combiner
featuring a red helium-neon (543 nm). Each
sample was dropped on a cover slip without
covering it in order to prevent the rcformation of
the drop shape. To avoid glycerol-ester phase
separation during analysis, it was required that the
samples be shaken well to ensure homogeneity.

Chemicals

Sample preparation

laser  scanning  microscopy
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The objective lens was located below the samples,
covered with immersion oil, and allowed to
approach the bottom of the glass slide.

Sample element was scanned point by point with a
focused laser beam during the CLSM analysis. The
reflected, or emitted, fluorescence light from the
sample was detected by two photomultipliers, and
out-of-focus information from the image was
removed with an adjustable pinhole setting. The
output data was transferred to a computer, and a
confocal image was generated on a computer
monitor.

3. Results and Discussions

3.1.  Identification of glycerol and ester using
CLSM

In order to characterize emulsions using the
CLSM technique, all of the components had to be
verified. All samples are measured at room
temperature. Fig. 1 shows the confocal images of
pure glycerol (95 %wt glycerol), FAME (97.5 %wt
ester), and FAEE (96.5 %wt ester), respectively.
Pure glycerol was visualized as a red color (Fig.
la), and the esters FAME and FAEE were
visualized as a darker color (Fig. 1b and 1c). The
mass ratio of glycerol to FAME was 9:1 in the
mixture of glycerol-ester.

(©

Fig. 1. Confocal images of a) 95 %wt of glycerol b) 97.5
%wt of FAME c¢) 96.5 %wt of FAEE

The confocal image was visualized as dark
circular domains in the red area (Fig. 2a). On the
other hand, the red circular domains in the dark
area were visualized when the mass ratio of
glycerol to FAME was 1:9 (Fig. 2b). It can be
identified that the glycerol and esters, FAME and
FAEE, were visualized as red and dark colors,
respectively.
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To elucidate this phenomenon, the products after
methanolysis and ethanolysis were characterized
by CLSM. The confocal images are shown in Fig.
3. The captured images clearly demonstrate the
difference of glycerol-ester distribution in the
product from methanolysis and ethanolysis. It can
be seen in Fig. 3a that glycerol formed as spherical
drops and plainly separated from FAME. Fig. 3b
also illustrates that unclear formations of glycerol
drops occurred and dispersed during the entire
FAEE phase. This colloidal solution is strongly
stable, which may cause drawbacks on subsequent
FAEE purification processes.

Fig. 3 indicates that ethanol could be an
important factor causing emulsions of glycerol in
the FAEE product. To support this hypothesis,
various mixtures of methanol/ethanol with molar
ratios of ethanol to methanol at 1:5, 2:4, and 3:3
were used to observe the physical distribution of
glycerol in ester. The total molar ratio of alcohol to
oil was controlled at 6:1.

The confocal images show the effect of the
molar ratio of ethanol to methanol on glycerol and
ester distributions as illustrated in Fig. 4. It should
be noticed that as the ethanol content increased,
the flocculation of glycerol in ester also gradually
promoted. Fig. 4a shows that at the molar ratio of
1:5, glycerol is generated as sharp spherical drops
that are distributed in ester, and then the glycerol

(b)
Fig. 2. Confocal images of mass ratio of glycerol to FAME
ata)9:1b) 1:9

drops separate from the ester by gravity in a few
minutes. This phenomenon is similar to the effects
of methanolysis using pure methanol (Fig. 3a).
However, when the molar ratio of ethanol to

3.2, Effect of alcohol types on glycerol and ester

distribution methanol increased from 1:5 to 3:3, the glycerol

gradually formed a smaller drop size, stayed
closer, and formed a flock of glycerol dispersed in
ester (Fig. 4a-4c). The gravitational force rarely
affected these fine droplets of glycerol. Finally, a
very stable glycerol-ester emulsion was observed.
The characteristics of the glycerol-ester emulsion
with a high ethanol content are similar to the
characteristics of the stable emulsions observed in
ethanolysis using pure ethanol (Fig. 3b).
Experimental results confirm that ethanol is an
important factor affecting the drop size of
generated glycerol resulting in suspension of
glycerol in ester. This result supports findings from
a study by Issariyakul et al. [6], which reports that
glycerol-ester emulsions frequently occur when
ethanol is used in transesterification. Besides, no

Many studies report that the type of alcohol used
in transesterification can have an effect on phase
separation between glycerol and ester [5-9]. Two
main types of alcohols, methanol and ethanol, are
used in the transesterification reaction. During
methanolysis, the emulsions are formed during the
mechanical stirring step. After the reaction is
complete, the emulsions are quickly and easily
separated, leading to the formation of a lower
glycerol-rich layer and an upper FAME-rich layer.
During ethanolysis, however, the generated
emulsions are much more stable leading to a
complicated separation of glycerol from FAEE.
The causes of this occurrence have been rarely
examined in research.
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emulsification problem occurred with the use of
methanol or small amounts of ethanol in mixtures
of methanol/ethanol.
(b
(©
Fig. 4. Confocal images showing the effect of molar ratio of
ethanol to methanol on glycerol and ester distribution a) 1:5
(b) b) 2:4 c¢) 3:3 (reaction conditions: molar ratio of alcohol to
Fig. 3. Confocal images of glycerol-ester distribution after a) ~ 0il 6:1, KOH 1%, reaction temperature of 70 °C, and reaction
methanolysis b) ethanolysis (reaction conditions: molar ratio ~ time of 30 min)
of alcohol to o.il 6:}, KOH 1 %m, reaction temperature of The glycerol-ester separation process in the
70°C, and reaction time of 30 min) - L.
conventional methanolysis is generally based on
the fact that by-product glycerol and esters are
sparingly soluble due to significant differences in
their polarities and densities [25]. However,
retained alcohol in the product mixture could have
an affect on these properties. In ethanolysis, it
might be possible that the remaining ethanol in the
product decreases differences of polarity and
density between glycerol and FAEE ester because
its polarity is lower than methanol. Therefore, low
amounts of glycerol could be isolated from the
FAEE products. It is obvious from confocal
images that glycerol tends to form fine droplets
and suspend in FAEE ester causing the stable
glycerol-ester emulsion. CLSM images clarify
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different characteristics of glycerol in ester
obtained from utilization of different alcohols in
transesterification. This could serve as supportive
evidence for solving the problem of emulsion in
FAEE. However, other amphiphilic compounds,
such as soap, mono-glyceride, and di-glyceride,
are also commonly used as emulsifiers for
promoting a stable glycerol-ester emulsion in
FAEE [1,9,26], which is a research area that
should be examined further.

4, Conclusion

CLSM appears to be an effective techmique for
characterizing the glycerol-ester  emulsions
obtained from the transesterification reaction. The
Confocal images clearly show the different
distribution characteristics of glycerol in ester,
FAME and FAEE. With FAME, drops of glycerol
were sharp and easily separated from FAME
resulting in complete phase separation. On the
other hand, an unclear formation ot glycerol drops
in FAEE was visualized, and finally, a very stable
glycerol-ester emulsion was observed. This
strongly supports the notion that different types of
alcohol in transesterification affect phase
separation between glycerol and ester.
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