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Thesis Title Continuous Methyl Ester and Ethyl Ester Production from Refined Palm

Oil Using Static Mixer

Author Mr. Kichaphum Wijitsopa
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Academic Year 2015

ABSTRACT

The continuous methyl ester and ethyl ester production from refined palm oil using
static mixer are studied. In this study, methyl alcohol and ethyl alcohol are chosen to be used. Ten
meters in length of static mixer are used to mix the mixture of oil and alcohol. Central composite
design (CCD) and Response surface methodology (RSM) are used to analyses the optimal condition
of biodiesel production. With the flow rate of 20 L/h RPO, 23 vol.% methanol, 11.5 gKOH/L at
60°C and 60°C of oil temperature, 96.7 wt.% conversion is achieved within 1 meter length of static
mixer and with the flow rate of 20 L/h RPO, 47 vol.% ethanol, 14.4 gKOH/L at 75°C and 75°C of
oil temperature, 98.11 wt.% conversion is achieved within 1 meter length of static mixer.

The separating glycerol from the production using methanol is 2 times greater than
using ethanol. Since there are some glycerol in biodiesel phase in crude ethyl ester. After washing

83 vol.% methyl ester is achieved while 64 vol.% ethyl ester in achieved.
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Feedstock Type, volume of reactor ethanol:oil Catalyst/loading Temperature Optimal reaction conditions references
(cm3)/type of agitator, agitation molar ratio (wt.% to the oil) (°C)
intensity (rpm) (mol/mol)
Reaction conditions Yield Time
(%) (min)
Rapeseed oil Batch reactor, 2000/disc stirrer, 6:1-7.5:1 KOH/0.89-1.33 25-65 25°C; 7.5:1; 1.33%; 98.9 90 Stamenkovic O.S et al. (2011)
10,000-20,000 10000 min’'
Castor oil Mechanical shaker 9.65:1-12.35:1 KOH/1.33-2.17 30 11:1; 1.75% 80 90 Stamenkovic O.S et al. (2011)
Sunflower oil Erlenmeyer flask 6:1 KOH/0.5-2.0 Ambient and 50 50°C; 1.0% 98.7 240 Stamenkovic O.S et al. (2011)
Fish oil Flask, 250/ultrasound (indirect 6:1 KOH/0.5-1.0 20 and 60 60°C; 1% KOH 98 30 Stamenkovic O.S et al. (2011)
sonication) 35 kHz,
Canola oil Batch Parr reactor/600 6:1 KOH/1 50 95 120 Thompson J.C. and He B.B. (2007)
Used cooking Batch Parr reactor/600 6:1 KOH/1 50 70 120 Thompson J.C. and He B.B. (2007)
oil
Mixtures of Batch Parr reactor/600 6:1 KOH/1 50 90 120 Thompson J.C. and He B.B. (2007)
canola and
used
cooking oil
Mixture of Batch reactor, 1000/mechanical 6:1-15:1 NaOH, KOH, NaOCH3, 35-78 60°C; 12:1; 1.0% KOH 72.5 30 Encinar J.M. et al. (2007)
used olive and KOCH3/0.1-1.5
sunflower oil
Esterified Flask, 250, microwave: 2.45 4.5:1-10.5:1 KOH/0.0-2.0 70 8.5:1; 1.5% KOH; 70W 85 5 Crabbe E. et al. (2001)

crude palm oil

GHz, 800W




d’ A\l d' a = 9 awv 1
19197 1.1 (M9) ﬁ;ﬂﬁm’sz‘nmmzﬁu“lumsNa@"luTammamﬂmmuaammmm%ﬂmm

Feedstock Type, volume of reactor ethanol:oil Catalyst/loading Temperature Optimal reaction conditions references
(cm3)/type of agitator, agitation molar ratio (wt.% to the oil) (°C)
intensity (rpm) (mol/mol)
Reaction conditions Yield Time
(%) (min)
Esterified Flask, 250 (conventional 8.5:1 KOH/1.5 70 8.5:1 85 60 Crabbe E. et al. (2009)
crude palm oil heating)
Soybean oil Flask 500 mL,magnetic 12:1 KOH/1 30 12:1 94.6 60 Terry W. et al. (2010)
stirring/600
Mixture of Batch reactor, 50/magnetic 5.7:1 and 18.8:1 KOH/0.17Molar ratio 78 18.8:1 97 240 Qiang L. et al. (2013)
castor and catalyst:oil
soybean oil
Karanja oil Flask ,impeller/600 6:1 KOH/1 78(£3) 6:1 98 90 Baiju B. et al. (2009)
Castor oil - 11:1 KOH/1.75 90 11:1 86.3 90 Stamenkovic O.S et al. (2011)
Brassica - 6:1 KOH/1.5 35 6:1 98 60 Abderrahim B. et al. (2009)
carinata oil
Used frying oil | - 12:1 KOH/1 60 12:1 72.5 120 Encinar J.M. et al. (2007)
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Ester (1 meter) = 5, + 8, K + B,EK + ,K* + B, E’K + B.EK’ + B K (5.12)
Ester (3 meter) = 5, + B.E + B,K + ,E* + B,EK + B.E'’K (5.13)
Ester (5 meter) = 5, + §,E+ f,K+ B,E + BEK + B.E’K (5.14)
Ester (8 meter) = 5, + §,E + f,K+ B,E + BEK + B.E’K (5.15)
Ester (10 meter) = 8, + B,E + B,K + B,E* + B,EK + B.E’K (5.16)
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1 1uAg 31T 51UAT 8 LUAT 10 tung
B, 392.38 -336.41 -275.67 -276.37 -183.98
B, -90.45 16.44 13.97 14.13 10.62
B, 0.229 29.55 24.92 25.34 19.11
B, 7.659 -0.151 -0.126 -0.129 -0.09628
B. -0.00114 -1.119 -0.936 -0.958 -0.724
B -0.00842 0.01027 0.00853 0.00875 0.00662
B, -0.204 : : : :
B,- value 0.0000077 0.000140 0.0000513 0.0000732 0.00001527
B, - value 0.0000156 0.000112 0.0000331 0.0000451 0.00000457
B,- value 0.0000002 0.0000984 0.0000304 0.0000401 0.00000398
B,- value 0.0000165 0.000303 0.0000999 0.000130 0.00001397
B.- value 0.0000010 0.000326 0.000109 0.000138 0.00001402
Bs- value 0.0000020 0.000853 0.000305 0.000380 0.00003999
B~ value 0.0000201 - - - -
R’ 0.998 0.983 0.991 0.989 0.995
Rzldjusted 0.996 0.970 0.984 0.979 0.991
Rf)rediction 0.960 0.835 0911 0.890 0.955
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6 25 9.0 78.035
7 45 7.8 94.947
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89313 12 (393/52109)

ATAIAY MeOH 23vol.% MeOH 23vol.%  EtOH 58vol.%  EtOH 47vol.%

KOH 13.4g/L KOH 11.5g/L KOH 12.0g/LL  KOH 14.4g/L

uniuihauusans 20 20 20 20
1PAND#DA+KOH 4.6 4.6 11.6 9.4
599 24.6 24.6 31.6 29.4
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YsumawalavesluToRwansgns

9 e
MIuensu (%laefinas)  luleRwausgns

Goulumsnaaes
luTediwady  namesen  (%lasd3inag)
MeOH 23vol.%, KOH 13.4g/L, SM 5m 87.16 12.84 81.58
MeOH 23vol.%, KOH 11.5g/L, SM 1m 88.88 11.12 82.86
EtOH 58vol.%, KOH 12.0g/L, SM 6m 94.92 5.08 59.76

EtOH 47vol.%, KOH 14.4g/L, SM 1m 95.37 4.63 63.61
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MM3191 5.12 HAAIMAININANINTA NI NMINZAUNGA

B MaIN1IHaA (L/hr)
Joulumsnaaes — -
luTedany luTefansgns
MeOH 23vol.%, KOH 13.4g/L, SM 5m 21.44 20.07
MeOH 23vol.%, KOH 11.5¢/L, SM 1m 21.86 20.38
EtOH 58vol.%, KOH 12.0g/L, SM 6m 30.00 18.88
EtOH 47vol.%, KOH 14.4¢/L, SM Im 28.04 18.70
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5.4 paaninvedlulefAira NIz LIUMSHAAUUABIHDIA IBTIONANE DN

MNMsnaaviomIaNMENIIZaNNgaveINIzUIUN KA 1 ToRa
[ 4' ’é 1y 4 a QQ'SJ 1 a 9 1 a =1 ]
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AT wﬂﬁulﬂﬁmawmmxﬁumjﬂmmumﬂmaaﬂaaeamﬁewuﬂ A9 WNIUDBA 23%

a

Tagd3uas wandudusalfnson Tnunaidouloasenlad 11.5 gL of oil Agaungil 60°C,

U

Aa %’ o 14 a £ = Y 1 aan
g UYe AN U1aNUIgNT 60°C ag 1eNIUBa 47% Tagll3uas waunuanIalgnsen

g
a a a

= d' %’ £% 2
IWLLTIﬁLGﬂﬂﬂJllaﬂiﬂﬂhlcﬁﬁ 14.4 g/L of oil Ny 75°C, Qﬂiﬂ{]ﬂﬂlﬂ\i‘l&'lﬂl!ﬂ'lﬁﬂﬂﬁijﬂ‘ﬁ 75°C

' Yo a o s A ' a Y A A
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= J = a a J o A
L‘VIﬂﬂlﬂ1u1@§§1uqﬂjﬂmcﬁaL“NWTEMGD'EJ ﬂﬁllﬁﬂﬂu@ﬂﬁﬂ‘ﬂ 5.13

$ o a 1 4 9 1
m‘snﬁ 5.13 L!ﬁﬂ\‘lﬂ\?ﬂﬂi&’ﬂ@ﬂ]‘l'ﬂI'E]amfﬁiﬂﬂﬂigln‘l‘lfﬂiWaﬁllﬂﬂ@ﬂlﬁ@ﬂﬂﬂﬂﬂﬂWﬁiJLL‘]J“LI

aon
VIATT U HIATT U
WNAN1INAQADN - A
m lulediwa  nsugsne
AaANIIA 5
BUBU NANTU
Methyl Ester Ethyl Ester
WA 2549 WAl 2552
PANDS (wr.%) 96.70+0.03  98.11+0.03 - >96.5
nsalaTumdn we.%) 0.06=0.001 Tsiww - <12
ANUHUWUY U 15°C (ke/m’) 865 860 860-900 860-900
ANUHHA U 40°C (eSY) 4.9 5.08 1.9-8.0 3.5-5.0
1l o) 147 167 >120 >120
AMULOU (wt. %) <0.0002 <0.0002 <0.0015 <0.0010
iFamle (wt.%) <0.005 <0.005 <0.02 <0.02
WagaLnNoU (%vol.) <0.05 0.05 <0.2 -
MINANTOULHUNDILLA No.la No.la <No.3 <No. 1
aanuilunsa (mg KOH/q) 0.13 0.24 <0.80 <0.50
1HLOANBEDR (Wr.%) <0.01 <0.01 - <0.20

Ml leAu (g lodine / 100g) 57.6440.77  56.27+0.89 - <120
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AUaNUA 5
YNV NANTU
Methyl Ester Ethyl Ester
W.A.2549 YAl 2552
las-ndrelsd we.2%) 1.52+0.015  0.034+0.000 - <0.20
la-ndire'lsa (w.%) 0.564+0.005  0215+0.002 - <0.20
TuTu-nawelsa (we.%) 0.315+0.003  0.819+0.001 - <0.80
NALFOTUBATE (Wt %) Taiww Tsiww <0.02 <0.02
NALEDIUNIHUA (Wi %) 0.321+0.002  0.246+0.000 <15 <0.25
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Molar Melting Boiling
Molecular Density
Name mass point point
formula (g/ml)
(g/mole) (°C) (°C)
Methanol CH,OH 32.05 0.792 -97 64.7
Ethanol CHO 46.07 0.789 -114.3 78.4
Potassium hydroxide KOH 56.106 2.044 360 1320
d‘ A 4 aol 1y 4 a Q(td' Y a o
3191 0.2 g auianemenntazenlszneuvesinduihanysgnsnleluauise
auaulifuayessliznoy N1
ANUNUWUY (NNl 75°C) 0.875 kg/L
nsa luiudase 0.268 Yowt
lasnawse'lsa 97.097 Yowt
landwse'lsa 2.288 Yowt
TuTundwe'lsd 0.347 Yowt
anes 0.000 %owt
aanuilunia 0.5 mg KOH/g
waluana 824.644 g/mol
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Free fatty acid Trait wt.%
caprylic acid C8:0 0.010
Nonanoic acid C9:0 0.000
Capric acid C10:0 0.014
Undecylic acid C11:0 0.000
Lauric acid C12:0 0.174
Tridecylic acid C13:0 0.000
myristic acid C14:0 0.811
Pentadecylic acid C15:0 0.044
palmitic acid C16:0 36.381
palmitoleic acid Cle:1 0.219
margaric acid C17:0 0.095
stearic acid C18:0 4.075
oleic acid C18:1 45.750
linoleic acid C18:2 10.733
gamma linoleic acid C18:3 0.207
arachidic acid C20:0 0.370
eicosenoic acid C20:1 0.199
Behenic acid C22:0 0.076
Erucic acid C22:1 0.000
Lignoceric acid C24:0 0.074
Nervonic acid C24:1 0.000
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Free fatty acid wt.% molar mass of TG (g/mol)
caprylic acid 0.010 470.697
Nonanoic acid 0.000 512.778
Capric acid 0.014 554.859
Undecylic acid 0.000 596.94
Lauric acid 0.174 639.021
Tridecylic acid 0.000 681.102
myristic acid 0.811 723.183
Pentadecylic acid 0.044 765.264
palmitic acid 36.381 807.345
palmitoleic acid 0.219 801.345
margaric acid 0.095 849.426
stearic acid 4.075 891.507
oleic acid 45.750 885.507
linoleic acid 10.733 879.426
gamma linoleic acid 0.207 873.507
arachidic acid 0.370 975.669
eicosenoic acid 0.199 969.669
Behenic acid 0.076 1059.831
Erucic acid 0.000 1095.912
Lignoceric acid 0.074 1143.993
Nervonic acid 0.000 1137.993

1 = %’ @ = s [
ﬂ”lmﬁfJ‘LHWLlﬂT?JLﬁQﬁ%@ﬁul@]iﬂﬁl‘ﬂ)’i’)”liﬂ =848.553 n5u/lua
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Free fatty acid

molar mass of FFA

wt.%

(g/mol)
caprylic acid 0.010 144.210
Nonanoic acid 0.000 158.230
Capric acid 0.014 172.260
Undecylic acid 0.000 186.290
Lauric acid 0.174 200.320
Tridecylic acid 0.000 214.340
myristic acid 0.811 228.370
Pentadecylic acid 0.044 242.400
palmitic acid 36.381 256.420
palmitoleic acid 0.219 254.410
margaric acid 0.095 270.450
stearic acid 4.075 284.480
oleic acid 45.750 282.460
linoleic acid 10.733 280.450
gamma linoleic acid 0.207 278.430
arachidic acid 0.370 312.530
eicosenoic acid 0.199 310.510
Behenic acid 0.076 340.580
Erucic acid 0.000 338.570
Lignoceric acid 0.074 368.630
Nervonic acid 0.000 366.648

1 { 50’ v 4 a 4
Aunasimiin Tuanaveansa lviiudase = 270.248 niw/Tua
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Free fatty acid

molar mass of Ester

wt.%

(g/mol)
caprylic acid 0.010 158.243
Nonanoic acid 0.000 172.27
Capric acid 0.014 186.297
Undecylic acid 0.000 200.324
Lauric acid 0.174 214.351
Tridecylic acid 0.000 228.378
myristic acid 0.811 242.405
Pentadecylic acid 0.044 256.432
palmitic acid 36.381 270.459
palmitoleic acid 0.219 268.459
margaric acid 0.095 284.486
stearic acid 4.075 298.513
oleic acid 45.750 296.513
linoleic acid 10.733 294.513
gamma linoleic acid 0.207 278.486
arachidic acid 0.370 326.567
eicosenoic acid 0.199 324.567
Behenic acid 0.076 354.621
Erucic acid 0.000 366.648
Lignoceric acid 0.074 382.675
Nervonic acid 0.000 380.675

1 { 50’ v v
Aundiminluanaveueanes = 284.159 niu/Tua
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msAnnasaluaepavesiiuhduyIgns

1 lanaves - (97'097]x848.553 + [0'268}&70.248 + (0000}284.159
vy oA 100 100 100
Uuhanusgns

= 824.644 n51/Tua

o d Jd
msmanesiFunnald (Yeyield)

Wou'ly lemuea 47 vol.% aausalfasen Tnunadeon laasonlad 14.4 g/L of oil

518ml
= x100

luTeRwausgns 100vol%

Woddudnald {(329‘5“) XlOOVOl%}

=63.61 vol.%

8a51m3 lrariniunhauuSqns 20 L. (100 vol.%)

8951115 11aleN1Uea 9.4 L/hr. (47 vol.%)

AAINITHAN (20_0+9_4

= jx63.61
100

'
luTeRwausgns

=18.70 L/hr.
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M919d 1.1 ensTuaIuglnIaivesyanaaeImsHanealemAe S HULARIHB IR IEONEN

=
HuUana
o QU d' d’ o 1
a1Aun %0 NUIM UG vUIA CEVRLd
(M9
3 - ~ & 4 o
1 insonan U ToAaunuaeliiog A303  uuuy Ul
[ %’ o 4 a £ [ A
- 09U havusgns T ey g
o 4 v 0 aan o {
- DueanaaanNaNANI N8 KOH T oy g s
- naven TuTeRaay N RC R FUITS T VR 114 KT
- ain luTeRaay N Y g s
o Y = [ d‘
- naaneluTedaa SO R FVTSTA V51 T R TR
v = a £ @ A
-ounuluTefauigns AN R VTS TR VR S1 T R T
2 gANeNTuIULADA g vy gUn s
4 o
3 galizneugIuTeunIed G BC R PVITA V5 TR 8117 TR
4 gauauszuuliih % - -
5 Digital dosing pump: GRUNDFOS ) DME 48-3 -
6 Digital dosing pump: GRUNDFOS ) DDA 30-4 -
7 Magnetic driven pump: SANSO 17 PMD-211 -
8 Centrifucal pump: 17 WCH-3755 -
9 Immersion heater U 2000W -
10 Immersion heater U 2000W -
11 Band heater U 2000W -
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VUADUMIVDNULVUHN UM INAABIMLITNUNAIN VT LD

1. MImuuaa Ll soase
@ . o % 4 % J
ausnezriimsanei 2 s fAe Usunaweaneend (4) tazlSunaaas
aaa 4 § a 4 4 1 § ida a 1
Ugnser Inunadonleasonlad (K) iodnsizinitou lvlimnzdunganioninano
J I = £ =
HanpUaues (Wesisuanuusgniveslulofiya, Ester)
2. MIMHUATNVoIaToase
o 1 U a g’l = o % 1 d’ d' d'
msmmuarvesinlsoaseiulinnudingaetou lvimngaungaves
A ) = & ] Y a [l k) a o Y
HanoU- AUINIZIIMIANEININ Ferevesdlsaase hinasndanuld mszezvild
1 o d‘ d‘ =< o 1 1 (2
anuiudr lunmsmiten lumsnaassimungduanas Jimuaransulsavesdnls
o5z luT1sunsy essential experimental design and essential regression version 2.209 A4LLTAY

Tuz1 a1 nag lduaaamavessramsutsmvesdamlsdasz luasied a.1

Factor Definition @

Factor Name Units Low Value High Value

I alcohol | vol. % | 25 | 65

| KoH | aKoHA 9 [ 15

<Back < | OK

3UN a1 Famsulsmvesdanlsdase



&8

M151990 A.1 LaAI¥19N Tl sAmveaulsoase

sTAUV0INILTOATY

aulsoase nue
-1.414 -1 0 1 1414
4
OGUGERD % lagi/5uins 17 25 45 65 73
Twunadeon'leasen’lsd g/ Liter of oil 7.8 9 12 15 16.2

A anAa I'd
3. MIADNITUATIEUNITINUNUNITNAADY

E Y ax . . = @
panuuYEeu lun1InaAaeInIedF central composite design (CCD) Taoll 2 82

o 4 . v i a o v o 4
walsdase N 5 52AUURY code A3DETE uazldmlswaneuaued 1 @7 Awaasluzii a2

r 0N
Design an Experiment &

— Input Data
Number of Factors 2 i’ # of Centerpoints: 4 i’ Number of Responses 1 il
v v
[V Al Factors are Quantitative [V Show Aliasing (if applicable) [V Randomize Worksheet
— 2 Level Sareening Designs
Many Factors Higher Resolution
" Fractional Factorial Res 3 4 Runs " Fractional Factorial Res 4 4 Runs
" Placket - Burman 12 Runs " Fractional Factorial Res 5 4 Runs
¢ Full Factorial 4 Runs
[~ Response Surface Designs
Second Order Models Central Composite Type
" Circumsaribed (Min & Max=Star Points)
& : - .
*' Central Composite S S RUNS & {Inscribed (Star Points outside Min & Max )
Box - Behnken Runs " Face Centered
Current Design (12 Runs) — |
Central Composite design for 2 Factors
Help |
Make DOE |

51 0.2 A5z MINMUNIINAR0S
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d’ d‘ d‘ a U 1 aan
AINN 3.1 AaNITNAADIN 1 : Nau"leu WNUeA 17% laedSunas QUNIU 30°C, G]'Jliﬂﬂgﬂim

Twunangeon'loasonlod 12 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347

1 93.693 0.000 2.681 0.335 3.291

2 95.520 0.000 1.355 0.000 3.125

3 94.020 0.000 1.294 0.190 4.496

4 93.290 0.000 1.667 0.000 5.044

5 95.798 0.000 1.660 0.059 2.483

6 96.455 0.000 1.209 0.000 2.336

7 94.015 0.000 1.653 0.172 4.161

8 96.160 0.000 0.847 0.344 2.650

9 95.136 0.000 1.321 0.159 3.386
10 96.594 0.000 0.925 0.000 2.482

15191 9.2 namIsnaaei 2

d‘ a 3 U aan
- Woulv mmuea 45%TasSunas gamgil 30°C, Anselnsen

Tnunanaonlaasonlad 16.2 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 95.366 0.000 0.000 0.000 4.634
2 95.897 0.000 0.000 0.000 4.103
3 99.462 0.000 0.000 0.000 0.538
4 99.193 0.000 0.000 0.000 0.807
5 98.232 0.000 0.000 0.000 1.768
6 98.259 0.000 0.000 0.000 1.741
7 97.320 0.000 0.000 0.000 2.680
8 98.615 0.000 0.000 0.000 1.385
9 97.386 0.000 0.000 0.000 2.614
10 97.207 0.000 0.000 0.000 2.794
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d’ d‘ d‘ a U 1 aan
M1919% 3.3 NANITNADDIN 3 : Nau"leu WNUA 65% lasdSuas QUNIU 30°C, mmﬂgﬂsm

Tnunandeon'loasenled 9 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 96.912 0.000 0.000 0.000 3.089
2 97.831 0.000 0.000 0.000 2.169
3 96.292 0.000 0.000 0.000 3.709
4 96.534 0.000 0.000 0.000 3.466
5 97.780 0.000 0.000 0.000 2.220
6 98.550 0.000 0.000 0.000 1.450
7 97.414 0.000 0.000 0.000 2.587
8 97.156 0.000 0.000 0.000 2.844
9 96.611 0.000 0.000 0.000 3.389
10 97.743 0.000 0.000 0.000 2.257

d‘ ti‘ d‘ a 3 U aan
719190 3.4 NANITNADDIN 4 : N’f)ulléll WNUea 73% laedsunas UNHYY 30°C, ﬁ?lli\iﬂ{]ﬂiﬂ"l

Tnunansonlansonlyd 12 gKOH.L

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 96.541 0.000 0.000 0.000 3.459
2 97.742 0.000 0.000 0.000 2.258
3 98.185 0.000 0.000 0.000 1.815
4 98.740 0.000 0.000 0.000 1.260
5 96.992 0.000 0.000 0.000 3.009
6 97.150 0.000 0.000 0.000 2.850
7 97.423 0.000 0.000 0.000 2.577
8 97.645 0.000 0.000 0.000 2.355
9 96.214 0.000 0.000 0.000 3.786

10 97.296 0.000 0.000 0.000 2.705
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d’ d‘ d‘ a U 1 aan
A3 19N 4.5 HANITNAADIN 5 ¢ Nau"leu WNUA 45% lagdSunas QUNIU 30°C, mmﬂgﬂsm

Tnunangeon'laasenlod 12 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 97.148 0.000 0.000 0.381 2471
2 95.451 0.000 0.000 0.000 4.549
3 96.162 0.000 0.000 0.000 3.838
4 97.539 0.000 0.000 0.000 2.461
5 96.294 0.000 0.000 0.000 3.706
6 96.976 0.000 0.000 0.000 3.025
7 97.930 0.000 0.000 0.117 1.953
8 97.640 0.000 0.000 0.000 2.360
9 95.691 0.000 0.000 0.000 4.309
10 96.810 0.000 0.000 0.000 3.190

d‘ ti‘ d‘ a 3 U aan
719199 3.6 NANITNADDIN 6 : N’f)ulléll WNUA 25% laedSuas UNHYY 30°C, ﬁ?lli\iﬂ{]ﬂiﬂ"l

Tnunanson laasonlyd 9 gKOH.L

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.908 0.000 0.000 0.000 1.092
2 99.007 0.000 0.000 0.000 0.993
3 98.408 0.000 0.000 0.000 1.592
4 98.955 0.000 0.000 0.000 1.046
5 96.124 0.000 0.000 0.000 3.876
6 97.576 0.000 0.000 0.000 2.424
7 98.300 0.000 0.000 0.000 1.700
8 98.478 0.000 0.000 0.000 1.522
9 98.080 0.000 0.000 0.000 1.920
10 98.326 0.000 0.000 0.000 1.674
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d’ d‘ d‘ a U 1 aan
131N 4.7 HANITNAADIN 7 : Nau"leu WNUA 45% lagdSunas QUNIU 30°C, mmﬂgﬂsm

Twunandeon'loasenlod 7.8 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 97.296 0.000 0.000 0.000 0.240
2 97.502 0.000 0.000 0.000 2.498
3 97.142 0.000 0.000 0.908 1.950
4 98.573 0.000 0.000 0.000 1.427
5 97.789 0.000 0.000 0.000 2.212
6 96.893 0.000 0.000 0.000 3.108
7 98.852 0.000 0.000 0.000 1.148
8 99.074 0.000 0.000 0.000 0.926
9 96.362 0.000 0.000 0.658 2.981
10 95.456 0.000 0.000 0.000 4.544

d‘ ti‘ d‘ a 3 U aan
7119199 3.8 NANITNADBIN 8 : N’f)ulléll WNUA 45% laedSuas UNHYY 30°C, ﬁ?lli\iﬂ{]ﬂiﬂ"l

Tnunansonlansonlyd 12 gKOH.L

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 97.047 0.000 0.000 0.259 2.695
2 97.172 0.000 0.000 0.000 2.828
3 98.564 0.000 0.000 0.000 1.436
4 98.332 0.000 0.000 0.000 1.668
5 96.814 0.000 0.000 0.000 3.186
6 97.828 0.000 0.000 0.000 2.172
7 97.959 0.000 0.000 0.000 2.041
8 97.056 0.000 0.000 0.000 2.944
9 97.935 0.000 0.000 0.000 2.066
10 97.720 0.000 0.000 0.000 2.280
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d’ d‘ d‘ a U 1 aan
M1919% 3.9 NANITNADDIN 9 : Nau"leu WNUA 25% laedSuas QUNIU 30°C, mmﬂgﬂsm

Tnunangeon'loasonlod 15 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.199 0.000 0.000 0.000 1.801
2 99.069 0.000 0.000 0.000 0.931
3 96.816 0.000 0.000 0.000 2.390
4 95.751 0.000 0.000 0.457 3.792
5 97.856 0.000 0.000 0.212 1.932
6 97.992 0.000 0.000 0.000 2.008
7 97.173 0.000 0.000 0.000 2.827
8 97.921 0.000 0.000 0.000 2.079
9 97.553 0.000 0.000 0.000 2.447
10 97.318 0.000 0.000 0.000 2.682

M15199 9.10 wan13naaeen 10 : Nouly wnuea 45%Ias5uas guugil 30°C, @59

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 96.802 0.000 0.000 0.000 3.198
2 97.901 0.000 0.000 0.000 2.098
3 97.505 0.000 0.069 0.794 2.426
4 97.536 0.000 0.000 0.000 2.464
5 97.636 0.000 0.000 0.000 2.364
6 96.552 0.000 0.000 0.000 3.448
7 96.933 0.000 0.000 0.000 3.067
8 97.517 0.000 0.000 0.000 2.483
9 99.137 0.000 0.000 0.000 0.864
10 99.159 0.000 0.000 0.000 0.841
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M15199 .11 wan1snaaesh 11 :[ouly wniuea 45%Iasd5uas guugil 30°C, @159

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.779 0.000 0.000 0.000 1.221
2 98.601 0.000 0.000 0.000 1.399
3 95.953 0.000 0.000 0.000 4.047
4 95.960 0.000 0.000 0.000 4.041
5 98.137 0.000 0.000 0.000 1.863
6 98.153 0.000 0.000 0.000 1.847
7 98.204 0.000 0.000 0.000 1.796
8 97.086 0.000 0.000 0.000 2914
9 97.232 0.000 0.000 0.000 2.768
10 97.720 0.000 0.000 0.000 2.280

M13199 9.12 wan1snaaeen 12 : Nouly wniuea 65%Iasd5uas guugil 30°C, @159

Ugmsen Tnunaidonleason’led 15 gkOH.L

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 97.891 0.000 0.000 0.000 2.110
2 96.952 0.000 0.000 0.000 3.048
3 96.310 0.000 0.000 0.000 3.690
4 97.817 0.000 0.000 0.000 2.183
5 97.049 0.000 0.000 0.000 2.951
6 97.507 0.000 0.000 0.000 2.493
7 97.384 0.000 0.000 0.000 2.616
8 97.967 0.000 0.000 0.000 2.033
9 97.292 0.000 0.000 0.000 2.708
10 97.284 0.000 0.000 0.000 2.716
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M15199 .13 wan15naaeN 13 : Woulv wnuea 17%lasl5u1As gungll 60°C, A5

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.996 0.000 0.185 0.305 0.513
2 98.080 0.000 0.732 0.456 0.731
3 97.351 0.000 0.703 0.444 1.502
4 96.785 0.000 1.604 1.038 0.573
5 98.737 0.000 0.178 0.290 0.795
6 98.445 0.000 0.000 0.548 1.007
7 98.259 0.000 0.230 0.594 0.918
8 97.275 0.000 1.697 0.677 0.351
9 96.445 0.000 1.940 0.884 0.732
10 97.474 0.000 1.309 0.594 0.623

M15199 9.14 wan13NAaeen 14 : Soulv wniuea 45% lasd5uas gungil 60°C, @3

Ugmsen Tnunaidonleason’led 16.2 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.280 0.000 0.000 0.000 1.721
2 98.911 0.000 0.000 0.000 1.090
3 98.273 0.000 0.000 0.000 1.727
4 98.844 0.000 0.000 0.000 1.155
5 98.709 0.000 0.000 0.000 1.291
6 98.904 0.000 0.000 0.000 1.097
7 98.641 0.000 0.000 0.000 1.359
8 98.569 0.000 0.000 0.000 1.431
9 98.887 0.000 0.000 0.000 1.114
10 98.230 0.000 0.000 0.000 1.770
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M15199 9.15 wan13naaeen 15 : Soulv wnuea 65% lasdSuas gungil 60°C, @159

UgnsenTnunaidonleasonlae 9 gkoH.L™

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.515 0.000 0.000 0.000 1.485
2 98.129 0.000 0.000 0.000 1.871
3 98.806 0.000 0.000 0.000 1.194
4 98.116 0.000 0.000 0.000 1.884
5 98.694 0.000 0.000 0.000 1.306
6 98.668 0.000 0.000 0.000 1.332
7 98.924 0.000 0.000 0.000 1.076
8 99.005 0.000 0.000 0.000 0.995
9 98.307 0.000 0.000 0.000 1.694
10 98.753 0.000 0.000 0.000 1.247

M15199 9.16 Wan13NAaIN 16 : Nou v wniuea 73% lasd5uas gungil 60°C, @13

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347

1 99.071 0.000 0.000 0.063 0.866

2 99.326 0.000 0.000 0.000 0.674

3 99.319 0.000 0.000 0.000 0.681

4 98.785 0.000 0.000 0.000 1.215

5 98.464 0.000 0.000 0.000 1.536

6 98.933 0.000 0.000 0.000 1.067

7 98.835 0.000 0.000 0.000 1.166

8 98.731 0.000 0.000 0.100 1.169

9 98.581 0.000 0.000 0.000 1.419

10 99.147 0.000 0.000 0.000 0.853
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M15199 9.17 wan1snaaesh 17 : Sou v wnuea 45% lasd5u1as gungil 60°C, @159

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.696 0.000 0.000 0.000 1.304
2 98.954 0.000 0.000 0.000 1.046
3 98.756 0.000 0.000 0.103 1.141
4 99.085 0.000 0.000 0.000 0.916
5 98.806 0.000 0.000 0.000 1.194
6 98.734 0.000 0.000 0.000 1.266
7 98.671 0.000 0.000 0.000 1.329
8 99.246 0.000 0.000 0.000 0.754
9 98.924 0.000 0.000 0.000 1.076
10 98.448 0.000 0.000 0.000 1.552

M15199 9.18 wan13NAaeen 18 : Nou lv wniuea 25% lasd5uas gungil 60°C, @3

Ugnsen Tnunaidonloasonlasd 9 gkOH.L™

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.456 0.000 0.000 0.000 1.543
2 98.978 0.000 0.000 0.000 1.022
3 98.542 0.000 0.000 0.000 1.458
4 98.978 0.000 0.000 0.000 1.022
5 98.927 0.000 0.000 0.000 1.074
6 98.519 0.000 0.000 0.000 1.481
7 99.168 0.000 0.000 0.000 0.832
8 98.776 0.000 0.000 0.000 1.224
9 98.777 0.000 0.000 0.000 1.223
10 98.680 0.000 0.000 0.000 1.320
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M15199 9.19 wan13naaeen 19 : Joulv wnuea 45% lasdSu1as gungil 60°C, @159

Ugnsen Tnunaidonloasonlad 7.8 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 97.894 0.000 0.000 0.000 2.106
2 99.159 0.000 0.000 0.000 0.841
3 98.515 0.000 0.000 0.000 1.485
4 99.306 0.000 0.000 0.000 0.694
5 98.673 0.000 0.000 0.000 1.327
6 98.809 0.000 0.000 0.000 1.191
7 98.693 0.000 0.000 0.000 1.307
8 98.908 0.000 0.000 0.000 1.091
9 98.741 0.000 0.000 0.000 1.259
10 99.007 0.000 0.000 0.000 0.994

M15199 9.20 Wan13NAAIN 20 : Nou v wnuea 45% lasd5uas gungil 60°C, A3

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 99.117 0.000 0.000 0.000 0.883
2 99.029 0.000 0.000 0.000 0.971
3 98.057 0.000 0.000 0.000 1.943
4 98.696 0.000 0.000 0.000 1.305
5 98.791 0.000 0.000 0.000 1.209
6 99.294 0.000 0.000 0.000 0.707
7 98.512 0.000 0.000 0.000 1.488
8 99.298 0.000 0.000 0.000 0.702
9 98.692 0.000 0.000 0.000 1.308
10 98.971 0.000 0.000 0.000 1.029
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M15199 .21 wanmsnaaeah 21 - [ouly wniuea 25%Iasd5uas gungil 60°C, @15

Ugnsen Tnunaidonleasonlad 15 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 97.825 0.000 0.000 0.000 2.175
2 98.673 0.000 0.000 0.000 1.327
3 98.692 0.000 0.000 0.000 1.309
4 99.133 0.000 0.000 0.000 0.868
5 99.140 0.000 0.000 0.000 0.860
6 99.719 0.000 0.000 0.000 0.281
7 99.304 0.000 0.000 0.000 0.696
8 98.593 0.000 0.000 0.000 1.407
9 98.632 0.000 0.000 0.000 1.369
10 98.948 0.000 0.000 0.000 1.051

M15199 9.22 wan13NAaeen 22 : Nou v wniuea 45% lasd5uas gungil 60°C, A3

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.796 0.000 0.000 0.000 1.204
2 98.552 0.000 0.000 0.000 1.448
3 98.836 0.000 0.000 0.000 1.164
4 98.757 0.000 0.000 0.000 1.243
5 98.858 0.000 0.000 0.000 1.142
6 99.076 0.000 0.000 0.000 0.925
7 98.922 0.000 0.000 0.000 1.079
8 98.707 0.000 0.000 0.000 1.293
9 98.738 0.000 0.000 0.000 1.262
10 99.198 0.000 0.000 0.000 0.802
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M15199 9.23 wan1snaaeeh 23 : Joulv wnuea 45% lasdSu1as gungil 60°C, @15

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.902 0.000 0.000 0.000 1.098
2 98.773 0.000 0.000 0.540 0.687
3 98.573 0.000 0.000 0.000 1.427
4 99.224 0.000 0.000 0.000 0.776
5 98.716 0.000 0.000 0.000 1.284
6 98.911 0.000 0.000 0.000 1.089
7 98.891 0.000 0.000 0.000 1.109
8 98.967 0.000 0.000 0.000 1.033
9 98.525 0.000 0.000 0.000 1.475
10 98.803 0.000 0.000 0.000 1.198

M15199 9.24 Wan13NAAIN 24 : Nou v wnuea 65% lasdTuas gungil 60°C, A3

Ugmsen Tnunaidonleason’led 15 gkOH.L

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.569 0.000 0.000 0.000 1.431
2 98.553 0.000 0.000 0.000 1.447
3 97.855 0.000 0.000 0.000 2.145
4 98.743 0.000 0.000 0.000 1.256
5 97.764 0.000 0.000 0.000 2.237
6 98.027 0.000 0.000 0.000 1.973
7 98.301 0.000 0.000 0.000 1.699
8 99.075 0.000 0.000 0.000 0.925
9 99.302 0.000 0.000 0.000 0.698
10 98.858 0.000 0.000 0.000 1.143
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M15199 9.25 wanisnaaeei 25 :Nouly wnuea 17%laed5uas guugil 30°C, @5

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 69.826 0.000 3.602 3.746 22.826
2 64.710 0.000 6.736 3.370 25.185
3 68.992 0.000 3.495 4.956 22.557
4 68.399 0.000 5.367 6.070 20.165
5 68.023 0.000 8.813 11.700 11.464
6 67.822 0.000 8.415 9.412 14.350
7 71.231 0.000 6.957 9.125 12.688
8 70.199 0.000 6.526 8.493 14.782
9 71.850 0.000 8.379 11.185 8.587
10 68.985 0.000 8.654 10.673 11.688

M15199 9.26 #ANITNAAEIN 26 : ou v e uea 45% lasf5uas guugil 30°C, @3

Ugmsen Tnunaidonleason’led 16.2 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 95.880 0.000 0.249 0.000 3.871
2 98.322 0.000 0.000 0.000 1.678
3 98.728 0.000 0.000 0.000 1.272
4 98.088 0.000 0.000 0.000 1.912
5 96.940 0.000 0.000 0.000 3.060
6 95.864 0.000 0.000 0.131 4.005
7 96.055 0.000 0.000 0.000 3.945
8 97.047 0.000 0.000 0.000 2.953
9 96.749 0.000 0.000 0.000 3.251
10 96.982 0.000 0.000 0.000 3.018
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M15199 9.27 wansnaaead 27 - ouly lomuea 65% IavlSuaT gungl 30°C, A5

UgnsenTnunaidonleasonlae 9 gkoH.L™

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 96.910 0.000 0.000 0.358 2.732
2 96.116 0.000 0.000 0.168 3.716
3 97.178 0.000 0.000 0.536 2.286
4 97.702 0.000 0.000 0.062 2.236
5 95.755 0.000 0.000 1.417 2.827
6 96.001 0.000 0.000 1.883 2.117
7 94.364 0.000 0.000 0.289 5.347
8 94.487 0.000 0.000 0.000 5.513
9 96.187 0.000 0.000 0.023 3.790
10 95.783 0.000 0.000 0.000 4.217

M15199 9.28 Wan13NAaan 28 - ouly tomuea 73% IavlSuas gungll 30°C, A3

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 97.706 0.000 0.000 1.158 1.136
2 97.611 0.000 0.000 1.057 1.331
3 97.986 0.000 0.000 0.862 1.152
4 97.551 0.000 0.000 0.548 1.901
5 95.580 0.000 0.000 0.000 4.420
6 96.024 0.000 0.000 0.000 3.976
7 97.186 0.000 0.000 0.895 1.919
8 97.888 0.000 0.000 0.411 1.701
9 97.182 0.000 0.000 0.000 2.818
10 97.484 0.000 0.000 0.000 2.516
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M15199 9.29 wan1snaaeai 29 - ouly lomuea 45% lavlSuaT gungl 30°C, A5

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 97.849 0.000 0.000 0.281 1.870
2 95.950 0.000 0.000 0.513 3.536
3 98.005 0.000 0.000 0.000 1.996
4 97.641 0.000 0.000 0.000 2.359
5 94.553 0.000 0.000 0.000 5.448
6 94.101 0.000 0.000 0.000 5.900
7 96.178 0.000 0.000 0.770 3.053
8 95.761 0.000 0.000 0.133 4.106
9 91.597 0.000 0.000 0.000 8.403
10 93.957 0.000 0.000 0.000 6.043

M15199 9.30 #an1INAaean 30 : ouly lomuea 25% IavlSuaT gungll 30°C, A3

Ugnsen Tnunaidonloasonlasd 9 gkOH.L™

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 45.127 0.000 30.176 15.718 8.980
2 48.185 0.000 25.787 17.565 8.464
3 53.987 0.000 21.238 13.799 10.976
4 49.505 0.000 24411 14.598 11.486
5 65.299 0.000 7.208 9.947 17.546
6 65.755 0.000 9.735 10.680 13.831
7 62.543 0.000 9.882 9.772 17.804
8 61.208 0.000 11.464 13.303 14.026
9 64.722 0.000 7.913 8.739 18.626
10 68.127 0.000 10.203 12.049 9.622
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M15199 .31 wan15naaead 31 :ouly lomuea 45% lavlSuas gungl 30°C, A5

Ugnsen Tnunaidonloasonlad 7.8 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 96.557 0.000 0.000 0.841 2.602
2 96.189 0.000 0.000 0.978 2.833
3 96.049 0.000 0.000 1.262 2.689
4 97.263 0.000 0.000 0.317 2.420
5 95.387 0.000 0.000 1.843 2.771
6 95.207 0.000 0.000 1.816 2.977
7 95.147 0.000 0.000 1.071 3.782
8 95.272 0.000 0.000 1.266 3.463
9 94.942 0.000 0.000 0.732 4.326
10 96.019 0.000 0.000 0.150 3.831

M15199 9.32 Wan1INaaeai 32 - euly lemuea 45% laslSuas gungil 30°C, @13

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 95.646 0.000 0.000 0.349 4.005
2 95.772 0.000 0.000 0.000 4.228
3 97.321 0.000 0.000 0.215 2.464
4 97.741 0.000 0.000 0.000 2.259
5 97.167 0.000 0.000 0.253 2.580
6 97.931 0.000 0.000 0.133 1.936
7 96.597 0.000 0.000 0.000 3.403
8 97.623 0.000 0.000 0.169 2.208
9 97.655 0.000 0.000 0.061 2.284
10 98.360 0.000 0.000 0.000 1.641
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M15199 9.33 WanMINAaad 33 : ouly lomuea 25% lasdSuas gurgl 30°C, A5

Ugnsen Tnunaidonleasonlad 15 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 85.509 0.000 2.072 3.509 8.911
2 87.554 0.000 1.605 3.782 7.059
3 72.426 0.000 8.600 8.751 10.223
4 82.055 0.000 4.932 6.515 6.498
5 74.006 0.000 6.159 6.957 12.879
6 77.243 0.000 4.005 6.191 12.561
7 84.319 0.000 2.885 5.490 7.306
8 82.789 0.000 4.876 5.611 6.724
9 81.950 0.000 3.189 5.534 9.327
10 77.228 0.000 6.245 6.618 9.909

M15199 9.34 WaN13NAa0aN 34 - 9o ly lomuea 45% lavlSuas gungll 30°C, A3

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 96.781 0.000 0.000 0.000 3.220
2 96.869 0.000 0.000 0.000 3.131
3 96.855 0.000 0.000 0.000 3.145
4 97.375 0.000 0.000 0.000 2.625
5 95.554 0.000 0.000 0.000 4.445
6 95.683 0.000 0.000 0.000 4317
7 93.129 0.000 0.000 0.000 6.871
8 95.338 0.000 0.000 0.000 4.662
9 96.501 0.000 0.000 0.890 2.609
10 96.319 0.000 0.000 0.000 3.681
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M15199 9.35 wan15naaead 35 - 1ouly lomuea 45% lavlSuaT gungl 30°C, A5

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 96.327 0.000 0.000 0.248 3.425
2 96.866 0.000 0.000 0.054 3.079
3 97.672 0.000 0.000 0.571 1.757
4 98.079 0.000 0.000 0.341 1.581
5 96.058 0.000 0.000 1.083 2.858
6 95.984 0.000 0.000 0.000 4.016
7 93.725 0.000 0.000 1.059 5.217
8 95.113 0.000 0.000 0.995 3.891
9 95.356 0.000 0.000 0.333 4311
10 95.907 0.000 0.000 0.072 4.022

M15199 9.36 #aN1INAA0IN 36 : 19ou Ty LoMua 65% IavlSuaT guNgll 30°C, A3

Ugmsen Tnunaidonleason’led 15 gkOH.L

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.666 0.000 0.000 0.336 0.997
2 98.077 0.000 0.000 0.166 1.757
3 97.685 0.000 0.000 0.098 2217
4 96.666 0.000 0.000 0.000 3.334
5 97.667 0.000 0.000 0.000 2.333
6 98.144 0.000 0.000 0.000 1.856
7 96.205 0.000 0.000 0.000 3.796
8 96.235 0.000 0.000 0.000 3.766
9 97.428 0.000 0.000 0.000 2.572
10 98.042 0.000 0.000 0.000 1.958
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M15199 9.37 Wan15naaeai 37 : ouly lomuea 17%Iaell5u1A5 Quugl 75°C, A5

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 79.010 0.000 5.798 6.890 8.302
2 74.668 0.000 8.394 8.176 8.762
3 65.848 0.000 16.803 10.191 7.158
4 65.772 0.000 14.563 10.032 9.633
5 64.431 0.000 15.437 11.470 8.664
6 60.310 0.000 19.737 11.231 8.723
7 61.420 0.000 16.566 11.623 10.392
8 68.080 0.000 13.894 10.559 7.466
9 67.486 0.000 13.010 9.085 10.420
10 73.582 0.000 11.416 8.359 6.644

M15199 9.38 Han1Inaaai 38 - ouly en1uea 45%laslTuias gungll 75°C, A3

Ugmsen Tnunaidonleason’led 16.2 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.688 0.000 0.000 0.000 1.313
2 99.334 0.000 0.000 0.000 0.666
3 98.988 0.000 0.000 0.000 1.012
4 98.753 0.000 0.000 0.000 1.247
5 99.226 0.000 0.000 0.000 0.774
6 98.990 0.000 0.000 0.000 1.010
7 98.746 0.000 0.000 0.000 1.254
8 98.542 0.000 0.000 0.000 1.458
9 99.466 0.000 0.000 0.000 0.534
10 98.603 0.000 0.000 0.000 1.397
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M15199 9.39 wamsnaaoad 39 - Nouly wn1uea 65%IaslTuIas gungil 75°C, A5

UgnsenTnunaidonleasonlae 9 gkoH.L™

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.118 0.000 0.000 0.917 0.965
2 98.808 0.000 0.000 0.357 0.835
3 96.964 0.000 0.000 2.197 0.839
4 97.950 0.000 0.000 0.962 1.088
5 97.826 0.000 0.000 0.944 1.229
6 96.842 0.000 0.000 1.947 1.211
7 96.936 0.000 0.000 2.054 1.010
8 97.375 0.000 0.000 1.150 1.475
9 98.059 0.000 0.000 0.000 1.941
10 98.828 0.000 0.000 0.000 1.171

M15199 9.40 #aMINAaaf 40 - Nouly enuea 73%lasluIas gungll 75°C, @13

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 95.690 0.000 0.000 3.280 1.031
2 96.284 0.000 0.000 2.604 1.112
3 90.621 0.000 0.000 7.735 1.645
4 93.176 0.000 0.000 6.049 0.774
5 98.044 0.000 0.000 0.181 1.775
6 96.063 0.000 0.000 2.250 1.687
7 93.773 0.000 0.000 3.957 2.270
8 95.614 0.000 0.000 2.456 1.930
9 94.348 0.000 0.000 4.157 1.495
10 98.745 0.000 0.000 0.390 0.866
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M15199 .41 wamsnaaoad 41 - [ouly eniuea 45%IaslTuas gungil 75°C, A5

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347

1 98.569 0.000 0.000 0.000 1.432

2 99.168 0.000 0.000 0.000 0.832

3 98.309 0.000 0.000 0.290 1.401

4 98.060 0.000 0.000 0.000 1.941

5 98.329 0.000 0.000 0.000 1.671

6 98.772 0.000 0.000 0.020 1.207

7 98.822 0.000 0.000 0.000 1.178

8 99.447 0.000 0.000 0.000 0.554

9 99.161 0.000 0.000 0.000 0.839

10 98.455 0.000 0.000 0.000 1.545

M15199 9.42 HamInaaai 42 - [euly leniuea 25%lasluas gungil 75°C, A3

Ugnsen Tnunaidonloasonlasd 9 gkOH.L™

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 78.035 0.000 6.227 8.253 7.487
2 43.604 0.000 32.242 14.875 9.279
3 48.773 0.000 26.556 12.588 12.082
4 60.037 0.000 15.173 9.388 15.402
5 54.949 0.000 13.462 10.275 21.315
6 51.664 0.000 28.262 12.531 7.544
7 60.848 0.000 16.987 11.899 10.267
8 56.067 0.000 21.761 12.817 9.355
9 55.840 0.000 21.086 11.606 11.468
10 67.459 0.000 17.882 7.955 6.704
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M15199 9.43 wamsnaaoad 43 - [ouly eniuea 45%laslu1as gungil 75°C, A5

Ugnsen Tnunaidonloasonlad 7.8 gKOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 94.947 0.000 0.000 1.356 3.698
2 98.724 0.000 0.000 0.130 1.146
3 98.999 0.000 0.000 0.000 1.001
4 98.954 0.000 0.000 0.000 1.046
5 98.564 0.000 0.000 0.000 1.436
6 99.191 0.000 0.000 0.000 0.809
7 98.731 0.000 0.000 0.000 1.269
8 98.821 0.000 0.000 0.194 0.985
9 99.008 0.000 0.000 0.181 0.811
10 98.864 0.000 0.000 0.372 0.763

M15199 9.44 HaMINAA0IN 44 - Jou Ty eMIuea 45%laslTuIaT gungll 75°C, A3

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.402 0.000 0.000 0.000 1.599
2 98.700 0.000 0.000 0.000 1.300
3 97.876 0.000 0.000 1.362 0.763
4 98.545 0.000 0.000 0.000 1.455
5 99.115 0.000 0.000 0.000 0.885
6 98.280 0.000 0.000 0.653 1.067
7 98.531 0.000 0.000 0.161 1.309
8 98.658 0.000 0.000 0.000 1.342
9 98.876 0.000 0.000 0.372 0.752

10 98.476 0.000 0.000 0.000 1.524
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M15199 9.45 HANINARDIN 45 - Rouly lomuea 25%Ial5uIaT gungll 75°C, A5

Ugnsen Tnunaidonleasonlad 15 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.695 0.000 0.000 0.417 0.887
2 97.505 0.000 0.000 0.856 1.639
3 96.766 0.000 0.000 1.758 1.477
4 98.460 0.000 0.000 0.878 0.661
5 96.081 0.000 0.000 2.025 1.894
6 97.999 0.000 0.000 1.378 0.623
7 97.760 0.000 0.000 0.896 1.344
8 97.289 0.000 0.000 1.850 0.860
9 96.771 0.000 0.000 2313 0.917
10 98.448 0.000 0.000 0.976 0.576

M13199 9.46 HaNMINAB0IN 46 - Nou Ty ONIUBA 45%IAslTuIAT guNYl 75°C, A3

Ugmsen Tnunaidonleason’led 12 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.186 0.000 0.000 0.000 1.814
2 98.844 0.000 0.000 0.000 1.157
3 98.665 0.000 0.000 0.000 1.336
4 99.232 0.000 0.000 0.000 0.768
5 99.150 0.000 0.000 0.000 0.850
6 99.116 0.000 0.000 0.000 0.884
7 99.344 0.000 0.000 0.000 0.656
8 99.552 0.000 0.000 0.000 0.448
9 98.754 0.000 0.000 0.000 1.246
10 98.822 0.000 0.000 0.000 1.178
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M15199 9.47 wamsnaaoad 47 - [ouly en1uea 45%Iasl5u1as gungil 75°C, A5

Ugnsen Tnunaidonleasonlad 12 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347

1 98.527 0.000 0.000 0.000 1.474

2 98.753 0.000 0.000 0.527 0.721

3 98.714 0.000 0.000 0.000 1.286

4 99.164 0.000 0.000 0.000 0.836

5 98.387 0.000 0.000 0.000 1.613

6 99.205 0.000 0.000 0.000 0.795

7 98.751 0.000 0.000 0.000 1.249

8 99.493 0.000 0.000 0.000 0.507

9 98.576 0.000 0.000 0.000 1.424

10 99.393 0.000 0.000 0.000 0.607

M15199 9.48 HaNMINAaIN 48 - 9ou Ty eNIUBA 65%IAslTuIAT guNgll 75°C, A3

Ugmsen Tnunaidonleason’led 15 gkOH.L

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.039 0.000 0.000 0.274 1.688
2 98.498 0.000 0.000 0.468 1.034
3 98.260 0.000 0.000 0.636 1.105
4 97.823 0.000 0.000 1.446 0.731
5 98.595 0.000 0.000 0.853 0.552
6 98.687 0.000 0.000 0.779 0.534
7 97.844 0.000 0.000 1.446 0.710
8 97.752 0.000 0.000 1.527 0.720
9 97.229 0.000 0.000 1.930 0.841
10 99.262 0.000 0.000 0.134 0.604
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M3197 .49 wamsnaaesan Iz imanzauiiga - ouly wnuea 23%laeil5u1a5 guugi

30°C, frusansen Tnunadonlanson lad 13.4 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 94.313 0.000 3.136 0.999 1.552
2 98.174 0.000 0.101 0.000 1.726
3 98.198 0.000 0.000 0.109 1.693
4 98.807 0.000 0.000 0.000 1.193
5 99.238 0.000 0.000 0.000 0.762
6 98.739 0.000 0.000 0.000 1.261
7 98.457 0.000 0.000 0.000 1.543
8 98.222 0.000 0.000 0.000 1.778
9 99.080 0.000 0.000 0.000 0.920
10 98.823 0.000 0.000 0.000 1.178

M3197 .50 wamsnaaesan Iz imINzauiiga : Qouly wmuea

60°C, snsalfnsen Tnunaidonleasonlad 11.5 gkOH.L"

23%Iagf31105 guIngl

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 99.421 0.000 0.000 0.000 0.579
2 98.347 0.000 0.000 0.000 1.654
3 98.642 0.000 0.000 0.000 1.358
4 98.382 0.000 0.000 0.000 1.618
5 98.890 0.000 0.000 0.000 1.110
6 98.692 0.000 0.000 0.000 1.308
7 98.461 0.000 0.000 0.000 1.539
8 98.627 0.000 0.000 0.000 1.373
9 98.130 0.000 0.000 0.000 1.870
10 97.924 0.000 0.000 0.000 2.076
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M3197 .51 wamsnaaesanzimanzauiiga : Qou'ly wnuea 58% laeil5u1as guugi

30°C, fusansen Tnuna@onlaason lad 12.0 gkOH.L'

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 98.041 0.000 0.000 0.000 1.959
2 98.105 0.000 0.000 0.000 1.895
3 97.976 0.000 0.000 0.000 2.024
4 98.532 0.000 0.000 0.000 1.468
5 98.247 0.000 0.000 0.000 1.753
6 99.369 0.000 0.000 0.000 0.632
7 98.589 0.000 0.000 0.000 1.411
8 98.390 0.000 0.000 0.000 1.610
9 98.196 0.000 0.000 0.000 1.804
10 98.596 0.000 0.000 0.000 1.404

M3191 .52 wamsnaaesan Iz iminzauiiga - Qouly wmuea 47% laeil5u1a3 gungi

75°C, ansalfnsen Tnunaidonleasonloq 14.4 gkOH.L"

Length of SM Ester FFA TG DG MG
(meter) (Wt.%) (Wt.%) (Wt.%) (Wt.%) (Wt.%)
0 0.000 0.268 97.097 2.288 0.347
1 99.418 0.000 0.000 0.000 0.582
2 98.865 0.000 0.000 0.000 1.135
3 98.383 0.000 0.000 0.000 1.618
4 98.838 0.000 0.000 0.000 1.162
5 98.608 0.000 0.000 0.000 1.392
6 98.495 0.000 0.000 0.000 1.505
7 98.663 0.000 0.000 0.000 1.337
8 98.384 0.000 0.000 0.000 1.616
9 98.540 0.000 0.000 0.000 1.459
10 98.633 0.000 0.000 0.000 1.367




116

v 9 o
3197 9.53 MauenduszrgluTedwanazndimesoanou v wnivea guvigil 30°C

EXP. Length of static mixer (meter)

10

0
| .

10

|

5




117

v 9 o
3197 9.54 ManenduszrgluTedmanazndiresoanou v wnivea guvigil 60°C

EXP. Length of static mixer (meter)

I
—_

n

11

EREEEEEEREERDRNE®
ElEEEEEERDNBE-
T3y rrrirtdua
EBEEREEREEBRE




118

Al Y M 1
3197 9.55 Msuenuszr luTedwanazndimesoanou ly toniuea gangil 30°C

EXP. Length of static mixer (meter)

10

11

12

O OO
L A T
EERNEEEREEREE

IEENErFEErBE®-

EEEEEEEEERE®R

EREEEEEEEREN-

| | i

;
E
i




119

v Y M x
M3190 2.56 M3uenuszrelu leAwanazndweseaneulv wnuea gumngil 75°C

EXP. Length of static mixer (meter)

10

11

12

|

|

1

=] o2} ~ [=)}




120

NANUIN D

a d a a J
(NQQ1HaWNWENﬂ!lW§'Tﬂﬂ1‘HWHﬁ)



121

Continuous Transesterification for Ethyl Ester Production from Refined
Palm Oil through Static Mixer

Kichaphum Wijitsopa'?, Krit Somnuk™®, Thanansak Theppaya'* and
Gumpon Prateepchaikul**

'Department of Mechanical Engineering, Faculty of Engineering, Prince of Songkla University,
Hat Yai, Songkhla, Thailand, 90112

2kichakae@gmail.com, ®somnuk_7@hotmail.com, “thanansak t@psu.ac.th, ‘gumpon.p@psu.ac.th
Keywords: ethyl ester; static mixer; ethanol; continuous; transesterification.

Abstract. In this study, the commercial grade of ethanol was used to produce the biodiesel from
refined palm oil (RPO) through the continuous static mixer system. The ethanol, an alternative
alcohol to adopt in the ethyl ester production, can be used instead of methanol, and this alcohol is
more eco-friendly than methanol. The 6-meter in length of SUS304 static mixer reactor is an
essential part of mixing the RPO and solution of ethanol and potassium hydroxide to accelerate the
base-catalyzed transesterification. The ethanol were varied at the volumetric flow rate of 30, 40, 50,
60 vol.%, KOH as base-catalyst was varied with the weight to volume of oil of 10,12,14 gKOH.L'l,
to investigate the suitable condition which can converted the glycerides to the maximum purity of
ethyl ester. The results showed that all varied conditions, the ethyl ester conversion was rapidly
increased from 0 to over 95 wt.% when the flowing mixtures flowed through the 1 meter of static
mixer. Furthermore, the highest purity of ethyl ester from RPO was succeeded when the condition:
the 60 vol.% ethanol, the 14 gKOH.L™" of catalyst, 5-meter of static mixer, and 75 °C temperature of
RPO, was used in the continuous static mixer.

Introduction

Generally, the methanol is mostly used to produce biodiesel in many countries. But, methanol
which can be produced through the synthetic processes such as the natural gas, coal, and biomass
crops or from natural gas, is a toxic chemical [1,2]. While, the commercial ethanol was produced by
fermentation from the renewable agricultural resources, therefore, the ethanol is more eco-friendly
than methanol [1,2,3]. The tri-, di-, mono-glyceride in oils are directly converted to ester via the
base-catalyzed transesterification reaction with ethanol. In addition, the final products are the fatty
acid ethyl ester (FAEE or biodiesel) and glycerol, as shown in Eq. 1 [4].

Triglycerides + Alcohol —e—— Glycerol + Esters. (1)

In the literature reviews for the continuous and circulation transesterification processes for biodiesel
production from low free fatty acid (FFA) oils, Peterson et al. [5] studied the continuous flow
transesterification reaction which the horizontal PVC pipes were used as the continuous reactor, to
reduce time, and cost of biodiesel production. The 380 mL.min”" of vegetable oil and 111 mL.min"’
of alcohol/catalyst were fed through the series of static mixers at the inlet. Subsequently, the
mixtures will flow through the continuous reactor until the products flowed out of the static mixers
at the outlet of reactor. The results showed that both 0.016% of free glycerol and 0.236% of total
glycerol have met the ASTM PS121-99 specification for biodiesel. Sungwornpatansakul et al. [6]
studied the comparison of two mixing technologies, the mechanical mixer and the static mixer. The
experiments were carried out for biodiesel production from the corn oil. The mixtures (oil, MeOH,
and KOH) flowed through the static mixer and were compared with the mixtures of mechanical
stirring method by using the images of methanol droplet in order to investigate the potential mixing
of two-technology. The results showed that the droplets of methanol can be rapidly generated with
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the corn oil at the beginning of mixing when the static mixer was used. Therefore, the static mixer
has the high potential mixing for the immiscible liquid, such as the blending oils with alcohol.
Niseng et al, [7] studied the optimal condition of base-catalyzed transesterification in the biodiesel
production from the RPO via circulation process through static mixer reactor. The result indicated
that the KOH as base-catalyst is more significantly effective than methanol in methyl ester
production, when the predicted model was obtained to predict the response surface models.
According to predicted model, the suitable conditions: 23.81 vol.% MeOH and 11.8 wt.% KOH
under 60 °C temperature, and 60 min reaction time, were conducted in the circulation process
through static mixer. Somnuk et al, [4] studied the two-stage continuous process of methyl ester
from high FFA of mixed crude palm oil (MCPO) using the continuous static mixer coupled with
high-intensity of ultrasound, and Somnuk et al, [8] studied the use of circulation process through
static mixer reactor for producing the biodiesel from MCPO. Both continuous and circulation
processes can be expeditiously used to produce methyl ester via the static mixers of two-step
process. Consequently, there are many advantages for using static mixer in biodiesel production,
instead of the conventional mechanical stirrer such as; shorter reaction time, lower operating cost,
lower maintenance cost, etc [9]. However, very few researchers study the use of the static mixer as
a continuous reactor to produce the esters with the commercial grade of ethanol. Thus, the objective
of this research was to study the conversion of ethyl ester, triglyceride (TG), diglyceride (DG),
monoglyceride (MG), and free fatty acid (FFA) of the biodiesel production process from refined
palm oil (RPO) with the 99% commercial grade of ethanol (30, 40, 50, and 60 vol.%), and KOH as
a base-catalyst (10, 12, and 14 gKOH.L"), when these mixtures flowed through the 6-meter of
static mixer reactor.

Materials and Methods

Materials. In Thailand, the refinery capacity of refined palm oil (RPO) is approximately 846,421
tonnes in 2013 [10]. Therefore, the RPO was purchased from local market to use as the raw
materials for the continuous transesterification process with base-catalyst. The compositions of
RPO compose of 0.268 wt.% of FFA, 97.097 wt.% of TG, 2.288 wt.% of DG, 0.347 wt.% of MG,
and 0.875 kg.L™' of density at 75°C. Two commercial grades of chemical reactants which were used
in these experiments: the 95% potassium hydroxide (KOH) and 99% ethanol (EtOH). The KOH
will be dissolved in ethanol, An analytical instruments of purified biodiesel, a thin layer
chromatograph with flame ionization detection (TLC/FID, model: IATROSCAN MK-65;
Mishubishi Kagahu Latron Inc., Tokyo, Japan), was used to analyze the percentages of ethyl ester,
TG, DG, MG, and FFA in the biodiesel.

Methods.

Apparatus. The schematic diagram of the experiment setup was shown in Fig. 1. The 6-m in length
of SUS304 static mixer reactor is an essential part of mixing the RPO and solution of ethanol and
potassium hydroxide to accelerate the base-catalyzed transesterification. The dimensions of mixing
elements were: 10 mm width, 15 mm length, and 1 mm thickness. The elements of static mixer
were 180° twisted and were 90° connected with the next elements of mixing. The 6-m of static
mixer was installed in the 10 mm SUS304 stainless steel tube, which was insulated by the rubber
foam insulation tube to prevent the heat loss from the inside of static mixer reactor. Because, the
exothermic reaction occurs when the temperature of a system increases due to the transition period
of glycerides in RPO was changed to the ester by transesterification with base-catalyst.

Procedures. The RPO was heated to the temperature of 75 °C with the 500W electric immersion
heater. The 20 L.hr”! RPO and the required flow rate of potassium hydroxide and ethanol solution,
were continuously fed into the 10-meter of static mixer reactor by the two digital dosing pumps
(Grundfos alldos, models: DME 48-3 and DMS 12-3, respectively). The two-parameters: ethanol
and potassium hydroxide were varied to investigate the conversion of ester, TG, DG, MG, FFA.
The ethanol were varied at the volumetric flow rate of 30, 40, 50, 60 vol.%, the KOH as base-
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catalyst was varied with the weight to volume of oil of 10,12,14 gKOH.L™, as well. In the startup
continuous process, after completing installation of the two pumps flow rate, both substances were
added into the continuous reactor at the feeding ports. The approximately 20 mL samples were
collected at the 6-locations (at the 1 to 6 meters) of the sampling ports, as shown in Fig. 1. All
samples were rapidly cooled by cold water to stop the rate of reaction. Then, the samples were
washed by warm water to remove the residual ethanol and glycerol, to contribute the analysis by
using TLC/FID for determining the composition of ester, TG, DG, MG, and FFA in the purified
biodiesel.

s) 2m. S) 4m.  (5) 6m.

Fig. 1. Schematic diagram of the experiment setup (L: length of element, D: diameter of element,
T1: RPO tank, T2: ethanol mixed with potassium tank, P1: oil pump, P2: chemical pump, HT:
heater, V: valve, S: sampling port, and TC: temperature control).

Results and Discussions

Effect of base-catalyst and ethanol. The purity of ethyl ester from the base-catalyzed
transesterification with varied volume of ethanol (30, 40, 50, and 60 vol.%) by using the 6-meter of
continuous static mixer reactor under the weight percent of base-catalysts of 10, 12, and 14
gKOH.L", were shown in Fig. 2(a), 2(b), and 2(c), respectively. As shown in Fig.2(a), the 10
gKOH.L" which was the lowest base-catalyst of this study, and was dissolved in the 30, 40, 50, and
60 vol.% ethanol. The results clearly showed that all trend lines of ethyl ester conversions sharply
increased from 0 wt.% to over 95 wt.%, when the mixtures flowed through the 1 meter of static
mixer. However, for the lowest values of both 30 vol.% ethanol with 10 gKOH.L" catalyst, cannot
convert the glycerides to over 96 wt.% of ester, although the mixtures were fed through the
maximum length of static mixer (at 6 meter). Moreover, the increasing volume of ethanol has
significant with the increasing of the purity of ethyl ester. Because, when the 10 vol.% of increased
volume of ethanol was added from 30 to 40, 50, and 60 vol.% EtOH in process, the levels of ethyl
esters were significantly increased, which the maximal ethyl ester of 97.178, 97.393, and 97.859
wt.% were manifested for the 40, 50, and 60 vol.% EtOH, respectively. In addition the maximum
purities of ethyl esters surprisingly indicated that the glycerides were almost converted to ester after
flowing through the 5 meters of static mixer. While all trend lines of the ethyl ester conversions
slowly lowered after 5 meters. Consequently, the excess length of static mixer may causes the
reversible reaction during the transesterification by base-catalyst. As shown in Fig.2(b), the 12
gKOH.L" was dissolved in the 30, 40, 50, and 60 vol.% ethanol. Certainly, these concentrations of
alkaline ethanol solution are stronger than the 10 gKOH.L™ alkaline concentrations as mentioned
above. The results of 12 gKOH.L™" catalyst showed that the highest ethyl esters of 98.577 wt.% (for
40 vol.% EtOH), 98.755 (for 50 vol.% EtOH), and 98.799 wt.% (for 60 vol.% EtOH), were
succeeded when the mixtures were fed through the 6-meter of static mixer. Moreover, these results
conclusively showed that the lowest ethanol of 30 vol.% with 12 gKOH.L™" cannot convert the
glycerides in RPO to over 96 wt.% of ester from 0 to 6 meters in the continuous reactor. However,
the glycerides of these conditions (12 gKOH.L™ catalyst) were almost converted to ethyl esters,
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which had the percentage of ester more than the ethyl ester production with 10 gKOH.L™" catalyst.
Subsequently, the results of the highest catalyst, the alkaline solution: 14 gKOH.L™ catalyst was
dissolved in the 30, 40, 50, and 60 vol.% ethanol, as shown in Fig.2(c). In all cases of the 30 vol.%
EtOH at 10, 12, and 14 gKOH.L™', cannot produced the purity of ethyl ester greater than 96 wt.%.
For the 40, 50, and 60 vol.% of EtOH with 14 gKOH.L™, the purities of ethyl esters are quite high
and close the maximum level of ester content, when the mixtures flowed through the 3 meters of
static mixer. However, when the flowing mixtures of the condition: 40 and 50 vol.% of EtOH with
14 gKOH.L™', flowed through 4 meters of static mixer, the two trend lines (40 and 50 vol.% EtOH)
of ethyl esters slowly fell and appeared prominently after flowed through the 5 and 6 meters. The
highest ethyl esters of 98.506 wt.% (for 40 vol.% EtOH), 98.643 (for 50 vol.% EtOH), and 99.044
wt.% (for 60 vol.% EtOH), were achieved when the mixtures were fed through the 5-meters of
static mixer. As shown in Figs.2(a)-2(c), the volume of ethanol has a high significance level to
increase the purity of ethyl ester, such that the ethanol should be added more than 30 vol.% in the
biodiesel production from RPO by using the continuous static mixer. Moreover, the increasing
concentrations of alkaline ethanol solution extremely affected with the increasing purities of esters.

100 1

100 - 100 - A
] ¥ fy= e " P e Qe - @ ———
& 1 i = 2
S os t S oo :\. 9
g z g
F £ 5
g % 30 vol.% ethanol %% 30 vol.% ethanol T 04 30 vol% ethanol
H 40 vol % ethanol z 40 vol.% ethanol z 40 vol.% ethanol
* g 50 vol % ethanol Mo 50 vol.% ethanol B 50 vol % ethanol
- 60 vol.% ethazol - 60 vol% ethanol ~0-60 vol % ethanol
80 + 50 80
! 2 3 ‘ s 6 1 2 3 ' s 6 1 2 3 4 5 6
Length of static mixer (meter) Length of static mixer (meter) Length of static mixer (meter)
(a) (b) (©)

Fig. 2. Purity of ethyl ester from the transesterification with varied volume of ethanol (30, 40, 50,
and 60 vol.%) by using the 6-meter of continuous static mixer reactor under the base-catalysts of 10
gKOH.L™ (a), 12 gKOH.L™" (b), and 14 gKOH.L"'(c) at 75 °C of initial temperature of RPO.
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Fig. 3. The conversions of ester, TG, DG, MG, and FFA of suitable condition: 60 vol.% of ethanol,
14 gKOH.L™" of base-catalyst, and 75 °C of initial temperature of RPO, when the mixtures flowed
through the 6-meter of continuous static reactor (a: RPO; b, ¢, d, e, f, and g, were the crude
biodiesels and glycerols at 1, 2, 3, 4, 5, and 6 m, respectively).

From Fig. 3, the recommended condition: the 60 vol.% ethanol, the 14 gKOH.L™" of catalyst, 5-
meter of static mixer, and 75 °C temperature of RPO, was used to produce the biodiesel from RPO
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by using the continuous static mixer. The major glyceride (TG) in RPO was speedily converted to
ester when the flowing mixture flowed through the 1 meter of static mixer. Moreover, the reaction
temperature of mixtures in the static mixer at the positions of 1, 2, 3, 4, 5, and 6 meters were 54.9,
54.4, 54.4, 54.3, 54.2, and 54.2 °C, respectively, when the 75 °C of 20 L.hr! RPO was fed into the
reactor and mixed with 30 °C (at the room temperature) of 60 vol.% ethanol at the inlet port.

Conclusions

In all conditions, the ethyl ester conversion was rapidly increased from 0 to over 95 wt.% when the
flowing mixtures flowed through 1 meter of static mixer by the continuous base-catalyzed
transesterification. The highest purity of ethyl ester from RPO was succeeded when the
recommended condition: the 60 vol.% ethanol, the 14 gKOH.L~1 of catalyst, S-meter of static mixer,
and 75 °C temperature of RPO, was used in the continuous static mixer. Consequently, the
commercial ethanol is an alternative alcohol to adopt in the biodiesel production, can be used
instead of methanol. Moreover, the ethanol is more eco-friendly than methanol.

Acknowledgements

This work was supported by Prince of Songkla University for providing research funds.

References

[1] Q.Li,J. Xu, W. Du, Y. Li and D. Liu: Ethanol as the Acyl Acceptor for Biodiesel Production
(Renewable and Sustainable Energy Reviews, United Kingdom 2013).

[2] F.C. Silva, K.S.B. Cavalcante, H.C. Louzeiro, K.R.M. Moura, A.P. Maciel and L.E.B.
Soledade: Production of Biodiesel from Babassu Oil using Methanol-Ethanol Blends (Ecletica
Quimica, Brazil 2010).

[3] B. Baiju, M.K. Naik and L.M. Das: 4 Comparative Evaluation of Compression Ignition Engine
Characteristics Using Methyl and Ethyl Esters of Karanja Oil (Renewable Energy, Netherlands
2009).

[4] K. Somnuk, P. Smithmaitrie, G. Prateepchaikul: Two-Stage Continuous Process of Methyl
Ester from High Free Fatty Acid Mixed Crude Palm Qil Using Static Mixer Coupled With
High-Intensity of Ultrasound (Energy Conversion and Management, United Kingdom 2013).

[5] C.L. Peterson, J.L. Cook, J.C. Thompson and J.S. Taberski: Continuous Flow Biodiesel
Production (Applied Engineering in Agriculture, United States 2002).

[6] P. Sungwornpatansakul, J. Hiroi, Y. Nigahara, T.K. Jayasinghe and K. Yoshikawa:
Enhancement of Biodiesel Production Reaction Employing the Static Mixing (Fuel Processing
Technology, Netherlands 2013).

[7] S. Niseng, K. Somnuk and G. Prateepchaikul: Optimization of Base-Catalyzed
Transesterification in Biodiesel Production from Refined Palm Oil Via Circulation Process
Through Static Mixer Reactor (Trans Tech Publications, Switzerland 2014).

[8] K. Somnuk, S. Niseng, G. Prateepchaikul: Optimization of High Free Fatty Acid Reduction in
Mixed Crude Palm Oils Using Circulation Process Through Static Mixer Reactor and Pilot-
Scale of Two-Step Process (Energy Conversion and Management, United Kingdom 2014).

[9] R.K. Thakur, Ch. Vial, K.D.P. Nigam, E.B. Nauman and G. Djelveh: Static Mixers in the
Process Industries-A Review (Trans Institution of Chemical Engineers, United Kingdom 2003).

[10]Information on http:// http://agri.dit.go.th/web_dit_sec4/home/view_multi.aspx?menu_id=687
&name=%E0%B8%9B%E0%B8%B5%202556

104



126

miﬂsx‘qu‘iﬂﬁnmﬂ"m’rjw?mmmm?mnaLwims:mﬁ‘lnu adafl 29 ME-METT2°15
1-3 NINJINA 2558 FIRTAUATTITRAN =
AEC-40 0

a = ¢ a s oA ¥ o ¢ o
mMalSsuisunInaaIGalodnasUAzIa S AladIR LU IRaLkas NN ANNaK
P { d - . a
u‘sqﬂﬁﬁ‘wLﬂ‘imﬂgﬂ‘stﬁﬂaﬂﬁmmuanm
Comparison of Continuous Production of Methyl- and Ethyl-Ester from Refined Palm Qil by

using Static Mixer Reactor

fAand Fiaslant'™, nnw aufin' was iwa Uszidduny’

"madmimnsmiaiaana ansimnsaumant smninaasassmuaiuni o.malng 2.891 90112
“finda: E-mail: kichakae@hotmail.com, twaflnsdwy 074-287222, waflnians 074-558830

unAnLa
msfinsuazidSouifisunsliiumueauasianisneainsadimslunszuiwnisuinwaemasiuas
Lm“mmmma*ﬂmmimﬁmmmim"uﬂwﬁuu'%qﬂﬁrﬁduﬁawammuaﬁm Tasansuafafaugn 10 was viwmii
HaNuastTInTiiad e maueainailindu sendng ﬁ"m"uﬂm‘uu%qﬂ%ruaﬂﬂaaaﬁ uazdnial Jasen
Twunmdoalaasanled Taoutlsindawly U5unwaanaaad 17, 45 uaz 73 vol.% aaisd fAsoTwunaidonla-
asanlad 7.8, 12 uaz 16.2 gKOHL ewienanaianivesiesined 1inmsnaseawuin munsandaiasinad
"Lm"mmu‘%qwﬁrmnnh 98 wt.% smIunsHAaWTaLamNaie nuea 45 vol.% anislfAsilnunmdula-
@sanlod 12 gKOH.L' aweniviansuaia 3 was ua:ﬁqmquﬁ 60°C uasidowlvdminnniaesanmnaf
fia lanuan 73 vol.% sl fAseTwunmdoulansen’lad 12 gkoH L' anusnavonsuaiio 8 Wwes uasdi
amanndl 75°C
aman: wimamaat, oiaemans, vienauahia, Mswiauuudadios

Abstract

In this study, the commercial grades of methanol (MeOH) and ethanol (EtOH) were used to compare in
the continuous production of methyl- and ethyl-ester from refined palm oil by using static mixer reactor. The
system consists of 10 meters in length of static mixer (SM), the SM was conducted to mix and accelerate the
esterification reaction of refined palm oil (RPO), alcohol (methanol and ethanol), and KOH as base-catalyst. The
various parameters used were alcohol (17, 45 and 73 vol.%) and the base-catalyst of 7.8, 12, and 16.2 gKOH.L"
to investigate the purity of ester. The results showed that the over 98 wt.% purity of methyl- and ethyl-ester were
achieved under the condition for MeOH: the 45 vol.% methanol, 12 gKOH.L™, 3 m in length of SM, and 60°C
temperature; under the condition for EtOH: the 73 vol.% ethanol, 12 gKOH.L"', 8 m in length of SM, and 75°C
temperature.

Keywords: methyl ester, ethyl ester, static mixer, continuous process.
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waanazad seuandluannisi (1) ueanagadnld
wialuledimanasluidwianiuen Wuseawadla
sanple ilunanwsarldannszuaummanaudlas-
Tt %'«ﬁmnmﬂuﬁwias‘wmuqaﬁwfmﬁui?w"l.@” uas
LLaanaaaﬁﬁnﬁﬁﬂ%ﬁa%aﬁqmamﬂ‘ﬁlﬂﬁﬁmﬁmum
uaa fis tanuea luvsamadls szmeld Talngs
munsnazaoinle lannsnanie 1w dan au
fends diwe Wuihenaudnfoudanalidu
Leanazed aoiuemuesmunsafinld Waindan
anwanduiasdofunedouasluamaamanian-
naaduurliufazanas [2-5]

nrvawmsndaluledimarialuasls5ininan
Walwihduuazmaadvin AsoduwldidwloTofima
wddasldiaarurulunisidfisen Seadnasg
WU AU INENA I I NITNIRLAZ MTHAN UL YD
HANADA Silva LAAILE (2010) KANIIN@aaUNT
wialulafiaanddudrn Tnaring §A3eduwnn
waauazasa s lwunadonlaasanlad vinms
thUzﬂtﬁaL]J"iumﬁauﬂ's:ﬁﬂ%mw'lumwemwudwﬁ
nadonuminanlaovanauafedlszdniainns
naUAninNININAE [6] HannturonauaTiatal
dofaail Ieiuilunmsiaaaiooni ﬁuquﬂﬁﬁnﬁ'\
N1 Mydanusydonit uazlfiiarlunsniadas
NA1LUUNITNIRHEN [7] n1Tldvanauafialu
n's:mum‘mﬁﬂuuu%quzuﬁnﬁﬁﬁﬁmm%ﬂmu [EaN
Somnuk wazAme (2014) la@nunszuiunisnaa
wiaamma i duuiivruleoldvenas
&lAUUUMYUIU [1] Thompson LazAnL (2007) e
fnmnTzuiwnsHiawiaamaasarninuailua
Taglganial jisenlmfewlaasenlodriuranay
AOAUULRIUIN ﬁiqm%n‘.ﬁ' 60°C USurmaniis
Ufjfi5un 1.5 wt.% 151981 30 w1l [8] Niseng uazams
2014) ddnnszummaniawiaeamaianingu
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iunszuaumandalulefwalaslflanuoauniig
MUER UASLENTHERNFH-LUNTIUEA Kulkami WRTATE
(2007) wuiw"ln‘[aﬁ'maﬁ‘lﬁﬁf]mauﬂ'ﬁmwdaﬁluﬁ
@190 fe lataaaaes > tofanauiuTaloaaad >
wialaaLaas [10] Fadhil uazame (2014) lddnwns
wawluladimanidudaanfarnl fAsomama
awnaifaTuiuianinesuszadtsed jAsen
TwunsBoylaasanled Iddanlefmunzaud
Ysinasidudaioniuaa 8:1 Tanlua aasd§ATen
Tnunsdsylansenlad 0.9 Weiidudlasindnds
dminvasingu pun)iluniaviu fiisen 60°C
awluan 60 wifl Tunrsmiunawavguanud
saufl 600 ToUH U7 [11] dawq Velickovi¢ uas
Ams (2013) SmsfnsmIndaeiaemasaininiu
aannmuaziuuas ladowlafmanzani Yunoiaiu
dataues 12:1 laelus dasafisenlmdoulaas
anlad 1.25 WeiFudlanimindaiminuasisiu
qmﬁqﬁ'lumiﬁ"lﬂ.ﬁﬁ%m 75°C 'Lum‘imwaumuqu
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Wisuiinumswaaluledimanuudailasdarianay
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vra'lsd lanfiwelsd waz Tulundiwalsd audeu
milﬂﬁﬂﬁtﬂuitd’uqmmﬂnﬁiu Twunmgoulaason-
lod (KOH) arududs 95% (udaised jAsen
azapEnAULeanosed d9ltusanased 2 Tiie Ao

= a5 = a*
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99% ﬁ1mﬁLFmanJaﬂ‘fuﬁmwu?qﬁ:ﬂaamﬁ-
mafaroimnaiia thin layer chromatograph with flame
ionization detection (TLC/FID)
2.2, Eli.ln‘mf.
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Tnunsidonlaasenlod ssUsznaudpusindafivinduy
PINUHURULARLAT SUS304 N5 10 daduas v 15
dafwes waznud 1 dadwway daduyy 180° uas
L?amﬁaﬁ'uﬁ’mqu 90° faaaniolurioruanuas
SUs304 iudapanamRetasiunsgyifoniny
‘%’aumm:ﬁwﬂﬁﬁ%mﬂmlum%mﬂﬁﬂ'mi Wlasann
qnm.gﬁlum?ﬁ'lﬂﬁﬁ%mﬂnmian’mﬂﬁaluLnJm
pstzneumninaduliidululagion
2.3 NMINAaad

ﬁwmsgiuﬁ‘uﬂ'uﬂﬁuu%qﬂﬁiuﬁ'a T1 1ileaan1y
witalapmsldanuianandawmas auqmwgﬁﬁﬁﬁu
60°C UAT 75°C NI LN IHaA (39Lfiaq 64.7°C)
LAz LBNI%aA (IALi0A 78.4°C) AINANAY HEY
LLaﬂnaﬂaﬁﬁuﬁui‘aﬂ;’jﬁ’%m KOH anavianlanis
nanasluds T2 Tanlddunainueanasadiiinazany

)

128

N 2 e-'\l_ETTEO'Iﬁ
1-3 nIngpina 2558 JIWIAUATINTHUN -
#1391 §iT81 KOH 'l;ﬁ'a:mmiﬂﬁmﬁ'uauﬁum Uiy
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dasnnnmesuniinly saumsuaalagldian-
waad 17 vol.% gﬂﬁ' 3 (n)a:'l;ixﬁﬂnwuun'fu
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Juasunisisuasldvsnaluledimaton dound
USurmre9arssUfiseue 7.8, 12 uay 16.2
gKOH.L™" uazSunmueanagad 45 vol.% HuYianas
FONANLIT 1 LUNT 31Jﬁ 4 uag 3ﬂﬁ 5 LAANITUEN
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SinTearagisemnasnaumavionauaia 1 a9
10 LUAT RUIINNVLIIVIBNEN 1 LUAT §INTD
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3.3 m’mu%a!n‘s‘ﬂamaama{
nniTnaaadnszuaunisuaaluledisa
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Ufnsalviensuuvusialaslfiunmusauazioniuea
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e
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lwnuaanaztemuaaldn 45 wt.% vinlwelesidud
mwu?qwﬁiﬁuifmﬂu 98 LAY 96 Wt.% A1NA1AL
dounfiuySuinuaanagaddmilu 73 vol.% Faiilu
dinmgega nsdlfiunueariildudesidudainy
u?q'nﬁraﬂm u@itamuaar_‘u’muﬁugﬁfu
3.5 USanmmslzansed)nien
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(n) (V) ()
gﬂﬁ 2 msusnguszwingluledisanunirases (12
gKOH.L™) ﬁﬂ?mmmmuaac‘ho‘] (n) 17 vol.%
(89.687 wt.% ester), (2) 45 vol.% (97.968 wt.% ester)
LAz (M) 73 vol.% (97.305 wt.% ester) ﬁm'mm'l 1
LUAT 289 SM

(n) (1) (9)
gﬂﬁ 3 msugndusznhalulefimaiunfivesen (12
gKOH.L™) ﬁﬂ‘%mmmamuaaﬁ’w‘] (n) 17 vol.%
(69.826 wt.% ester), (1) 45 vol.% (96.639 wt.% ester)
Uaz (M) 73 vol.% (96.601 wt.% ester) YIAm’mu’n 1
LUAT V83 SM
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0

0 1 2 3 4 5 6 7 8 9 10
ANEMVIONALADR (lUn3)
o a a o a 5 | 5 a
zﬂﬂ 7 mwuusqnwauawmas’wﬂimm KOH A MRNBHFURNAAINNET 10 LUAT (45 vol.% alcohol)

212



a P e f £ 4
T'I'I'I'IJ'S:'QIJTE'\n‘l‘i\.ﬂ%a”ﬂ'lll'.lﬁ'm'i'ium'iadFINLI.VN'IJT:WIFI‘I.YILI ATIN 29 M

AEC-40

4. ayluaninaang
E & a a
yndewlumsnasasnanuelunsuaaluladiss
oA W ; = a
uuudaiiasdovanrunuuaialaslfluniueauasia-
A e a N a
NIwaa Lllﬂ'l(ﬂ[lﬂ]_lﬂ']u’qﬂﬂﬂNRMﬁDWﬂ'J'\llUT'JLﬁUJ 1
s ¥ e & o =F o
s aaﬂﬂs:nau’uaamuumawiqma:tﬂawtﬂu
da = a5 N a
amnasninnnuignigedinng lasysm
P! a @ ' -
winuaan lilunsuaessiaanitIunmeniues
=l . e
diasnnmanumuaagnnitamueariilidunulu
nsudaluladimaninwieadiniinisldlaniuea
s a w e P =
LW’ILDYI']HP]RHT;JTT“Nﬂﬂvlﬂ"ﬂr]ﬂwsﬁlalﬂ:vL]JTﬂ@ll’ﬁﬁﬂNﬂ(ﬂ
Nnnienueatduiiasdefinaday enueadsanadu
= ) P = .
madannitslumsuialulafirada I/ lwawan

5. iafnssnlszna
nmuﬁ';ﬂ'ﬂ a1 BUQW. m‘rﬁw i ﬂl‘U /I ﬂ"luﬂnﬁ'u'ﬂ{

A e e - o
ﬂmﬁuuwunmamwammumﬂw

6. LANA1T819D4
[1] Somnuk, K. Niseng, S. and Prateepchaikul, G.
(2014). Optimization of high free fatty acid reduction
in mixed crude palm oils using circulation process
through static mixer reactor and pilot-scale of two-
step process. Energy Conversion and Management,
Vol. 80, pp. 374-381.
[2] Li, Q. Xu, J. Du, W. Li, Y. and Liu, D. (2013).
Ethanol as the acyl acceptor for biodiesel production.
Renewable and Sustainable Energy Reviews, Vol. 25,
pp. 742-748,
[3] quﬁ?{amﬁﬂ AIEASing NI wA e Ul
Inenenaasuazinaluladurs@ (2556). afia-lwia
waanagas (Sundadin Wwdanie [ruvoswladil,
Lma‘oﬁm http://www.nstda.or.th/sci2pub/thaismc/
factsheethotnews/FS-062.pdf, 111qiilaiudl 27/04/
2558.
[4] ﬁmwmiﬁﬂgwﬁmamma‘lﬂﬂ (2558). $7A1
sr95emuaa [ssunaawlatl], unseRan hitp:/www.
thaieihanol.comﬂhlslatistical-data/pricelhtmLL'i]'"l(ﬂ Lﬂ ol

Fufi 27/04/2558.

213

1-3 NINGIA3 2558 TNIAUATINTRIN

[5] Silva, F.C. Cavalcante, K.S.B. Louzeiro, H.C.
Moura, K.R.M. Maciel, A.P. and Soledade, L.E.B.
(2010). Production of Biodiesel from Babassu Oil
using Methanol-Ethanol Blends. Ecletica Quimica,
Vol. 35, pp. 47-54.

[6] Sungwornpatansakul, P. Hiroi, J. Nigahara, Y.
T K (2013).

reaction

Jayasinghe, and Yoshikawa, K.

Enhancement of biodiesel production
employing the static mixing. Fuel Processing
Technology, Vol. 116, pp. 1-8.

[7] Thakur, R. Vial, C. and Nigam, K. (2007). Static
mixers in the process industries—a review. Institution
of Chemical Engineers, Vol. 81, pp. 787-826.

[8] Thompson, J. C. and He, B. B. (2007). Biodiesel
Production Using Static Mixers. American

Society of Agricultural and Biological Engineers, Vol
50, pp. 161-166.

[9] Niseng, S. Somnuk, K. and Prateepchaikul, G.
(2014). Optimization of Base-Catalyzed
Transesterification in Biodiesel Production from
Refined Palm Oil via Circulation Process through
Static Mixer Reactor. Advanced Materials Research,
Vol. 931-932, pp. 1038-1042.

[10] Kulkarni, M. G. Dalai, a. K. and Bakhshi, N. N.
(2007). Transesterification of canola oil in mixed
methanol/ethanol system and use of esters as
lubricity additive. Bioresource Technology, Vol. 98,
pp. 2027-2033.

[11] Fadhil, A. B. and Abdulahad, W. S. (2014).
Transesterification of mustard (Brassica nigra) seed
oil with ethanol: Purification of the crude ethyl ester
with activated carbon produced from de-oiled cake.
Energy Conversion and Management, Vol. 77, pp.
495-503.

[12] VeliCkovi€, Ana V. Stamenkovi€, Olivera S.
TodaroviC, Zoran B. and Velikovi€, Vlada B. (2013).
Application of the full factorial design to optimization
of base-catalyzed sunflower oil ethanolysis. Fuel, Vol.

104, pp. 433-442.

131

ENETT2015



132

MANHIN N

(MIATIVAIUNANITNAADI)



¢ A Aaa ¢
FHNIDININUNM AN
a ) A da '
NRNINYAYTIVAIUAITUNG mmwmmeﬂwwﬂ

11 0msu3MINMITIN 0. malng) 9.09va1 90110

Trssnt 074-286904-7 Tn5eN3 074-212813 B14a sec-all@group.psu.ac.th 130146 http:/www.sec.psu.ac.th

ay o

9 ¢ ¢ v da v, 'O ¢ _da
INLNAU: lﬂﬂﬂiﬂﬂ7ﬂ1ﬂ1!7]19]“191?\7“"'113]1!4N'Hg'“ilﬂNﬂﬂﬂn?ﬂﬂﬂﬂsiﬂ\wy\\

oA v oa A a4 au a <
lli\:‘/Uﬂuuﬁ“\ﬂ'li‘lﬂﬂiﬂ]’ﬂﬂﬂaﬂﬁ'ﬂllﬂ’ﬂiﬂa?ﬂﬂvﬂ@')“fﬂﬂ"ﬂﬂ’

X
© Equipme®

F-RES-033 217 2 11asu 19 05/06/2558

NYNUNANTNATDY

RN IEU: C1132/58 wih: 11

uiluvelfusmsa:  4364/58 WRSueEna: 12 WRARNIeU 2558

Youazfloggnin: wwiagl e lam
SennssuIsEeena ANgIMNIsUMTA WnINdsasva AT UNS

o 1

4
Foroe: Methy! Ester (60°C)

S w1 3 o o
FBATIDYANIDEN: u']nuvluiﬂﬂl"’lﬁ

wansnaaeu:

nloToRu g Todine/100g EN 14111 57.64+0.77 <120 WY
2 Muzdu % wt. XRF <0.0002 <0.0010 |
3. wnuea % wt. EN 14110 ’ <0.01 <0.20 [
4. TuTundielsd % wt. EN 14105 0.315 =0.003 <0.80 WU
5. landelsd % wt. EN 14105 0.564 +0.005 <020 | 'luwu
6. Tnsndelsd % wt. EN 14105 1.52£0.015 <020 | Tukw
7. nAIFEIUdATY % w. EN 14105 Tuwu <002 [Tan
8. nAsTiinua % wt. EN 14105 0.321 +0.002 <025 | lurwm
9. 1AM % wt. EN 14103 96.70 = 0.03 >96.5 o
10. nsad Tuadiniaeames % wt. EN 14103 0.06 % 0.001 <12 W

- wamsnanoududaluvel$1iins (F-AS0-054) vl 4364/58
- SD = Standard Deviation

- XRF = X-Ray Fluorescence Spectromter

- a & o 9 9§ .2 1 k3
- $hadanmlsemAnsugsNINGEIY (509 MM e Ty Tofisan voansa luiiu

20

(ezad naddng)
o Yy a CI YY) o ‘
#hnthiheusnsinseeiiedsemaInensans

b WU 2558

da oo o d Y & . - :
HINYINE) ﬂvmuﬂnminnuauwﬂnmm:nnmumwthmvmnmnmuu ua:s1uuunﬂmsmﬁauuﬁ'm'luqnmdnmmumnmu

PR i o 3 o
ondurinianiiy Taghild5una ua iSnysonMagul Innmans

133



134

¢ A A a 4
GHUNIDINDINYINAAT
a L a 4 a 1
NHENINYAYAIVAIHATUNG ?‘llﬂ‘l!‘llﬂﬂ1ﬂ1ﬂi}‘l

.
1 0msu3msInmssn e.malne 9.09va1 90110

Tnssnt 074-286904-7 N3 074-212813 B1aia sec-all@group.psu.ac.th 15018 http:/www.sec.psu.ac.th

Siuiid: iWueadnsmaigiidulndaonmnjahgmsiluesdnsiifianssousg

maziiafunnnsliimenaneudiuinosioIsumeinnmans

F-RES-033 217U 2 17asfu 19 05/06/2558

NYNUNANINATDY

RUNIBU: C1168/58 wih: 11

muiluveliismsa:  4491/58 UNSUMeBENa: 20 WATNBU 2558

d & R s
FounzTloggnin: weiagll e Tam
a & a o o a
Sranssuireena angdmnssumang winedoasvauaiung

Fosee: Methyl Ester (60 °C)

R ¥ 5 -
swazPuadene: iy lefiva

wansnaaau:

idania ASTM D 874

-namsnaroudedaluve 195 ms (F-AS0-054) iavi 4491/58

-SD = Standard Deviation
n =

fvoensalusiu

-SuBanmisemansugsfmaanu (o3 Amuads wnmvealuTod

/!
(gl naddng)
snthiheuSmsinsesiiedsemainenemans

4 Sunnu 2558

o o o4 e L 4 ;o a .
WNUIYE TWNURANSNATDVITHARINZAUAIDIR MM IMATDM MY nazswnunamsnagouiides hignihduifivanedin

Sl s o o 4 o
snduinianiiy Taolildsuaniuvenumudnusishusnamugudiniesiio3nnmans



135

¢ A A a ¢
ﬂuﬂ!ﬂiaﬁﬂﬂ?ﬂﬂ]ﬁ]ﬁﬂ?
a ) A da '
WHEINYAYAIVATUAIUNT ]ﬂﬁ?!ﬁlﬂ‘ﬁ]fiﬂ'ﬁqj

Fu 1 ms3MINMITIN 0.malwey 9.a9va1 90110

T 074-286904-7 Tnsans 074-212813 31 sec-all@group.psu.ac.th 130'ls6l http://www.sec.psu.ac.th

Ay o ¢

¢ v & a v Vo ¢ _da
IqUNAU: lﬁuﬁiﬂﬂfﬂ'Iﬂ'ii’/llﬂﬂiﬂﬂ')ﬂﬂ'l'lﬂ’pﬂuqﬂ'l?lﬂuﬂﬂﬂﬂ'iﬂﬂﬂﬂ‘i‘iﬂuzq\i

P v a v, 4 & ao a <
!lﬁz!ﬁﬂﬂiﬂﬂﬂ'ﬁ1?ﬂl‘iﬂ]iﬂﬂﬁﬂﬂﬂ)ﬂlﬂ‘ifNNi)'.\ﬁﬂﬂ'N]’ﬂﬂ1ﬁ1ﬁﬂ5

F-RES-033 Ui 2 1aAul¥ 05/06/58

NENUNANINATOY

RUisIBU: C 1151/58 wih: 1/1

v Ay

auiluvel¥uSmsa: 4364/58 uag 4572/58 uisusneda: 12 nedniou 2558

A a1y A aaa
Youazfleggni: wienvgil 3as Term
FrINTTUATBINA AMLIFINTTUANAAT WISV UATUNT
St

¥oe0e: Ethyl Ester (75 °C)

e QY 3 o =
swazdeageia: WiuluTefiva

HAMINATOU:

vt mndines niy in3esifeAsmmamey | wamsnamou £ s e agl
) mleTofu g Todine/100g EN 14111 56.27 % 0.89 <120 Fu
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