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Author Miss Sukarnda Palipote
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Academic Year 2014

ABSTRACT

Transesterification of esterified palm oil with ethanol was carried out using potassium
methoxide (KOCH,) as catalysts and methyl tertiary butyl ether (MTBE) as co-solvent. The aim of
this work was to study and optimize the reaction parameters. Chosen parameters were catalyst
concentration of 0.5 - 2 %, ethanol to oil molar ratio of 4:1-8:1, ethanol to MTBE molar ratio of
1:0.1-1:0.5, reaction time of 5-60 min, reaction temperature of 50-80 °C and comparison between
MTBE and tetrahydrofuran (THF) using is a co-solvent. MTBE was used as a co-solvent due to is
miscible in both ethanol and esterified palm oil, reduced viscosity in transesterification reaction for
increased the dissolution between ethanol and esterified palm oil, cheap price, inert to the reaction
and easy to remove from the product due to their boiling point are close to ethanol, the reaction
was complete by MTBE is co-solvent molar ratio at 0.5:1 of ethanol. The optimum values were
molar ratio ethanol to oil of 5:1, reaction time 60 min and reaction temperature 60 °C when using
0.85 wt.% of KOCH,. At the same experiment condition, the using MTBE as co-solvent will result

in higher ethyl ester yield of biodiesel more in the absence MTBE.
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(M: 57 3. ¥1A39 1099 15. A Tulad luTeRma atiulfiams95e, 2554)

Qil 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

4
o

d‘ J o Jd a v A 4 a
M3197 2-2 09nsenevdinesoavesuiulauay umu’u‘”lﬂmmzwawaﬁ

(M: 57, 3. ¥1A39 1099 15. tnaTulad luToRma atuluamss, 2554)

Sample Cholesterol | Campesterol | Stigmasterol | Sitosterol | Unknown
Crude palm oil 7-13 90-151 44-66 218-370 2-18
Degummed, 5-10 49-116 22-51 113-286 Trace-8
bleached
RBD 1-5 15-16 8-30 45-167 Trace
Crude palm olein 6-8 57-104 30-51 149-253 24-28
Degummed, 3-4 36-43 21-25 99-123 Trace-5
bleached
RBD 2 26-30 12-23 68-114 -
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(Ma: 57 3. ¥1A39 1099 15. A Tulad Ty TeRwa atiulfuamsese, 2554)

Chemical Characteristics Mean Range
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Slip melting point (°C) 34.2 30.8-37.6
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Overall transesterification reaction
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http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%81%E0%B8%AD%E0%B8%9A%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B8%E0%B8%94%E0%B9%80%E0%B8%94%E0%B8%B7%E0%B8%AD%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%81%E0%B8%A5%E0%B8%B1%E0%B9%88%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%89%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%82%E0%B9%89%E0%B8%A1%E0%B8%82%E0%B9%89%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B8%E0%B8%93%E0%B8%AB%E0%B8%A0%E0%B8%B9%E0%B8%A1%E0%B8%B4
http://th.wikipedia.org/wiki/Solvent
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MM13199 2-6 HAAIAUANLATINYNINUDIAITIA18A18NQY Non-Polar, Polar Aprotic 1@z

Polar Protic Solvents

ANUHUWUY

AIazang gasnil «gmﬁaﬂ (°C) | Polarity
(g/ml)
Non-Polar Solvents
Methyl tert-butyl ether
(CH,),-0-CH, 55 1.7 0.740
(MTBE)

CH,-CH,-CH,-CH,-

Llgnisysu 69 2.0 0.655
CH,-CH,
mu%u CH; 80 2.3 0.879
Tngau CH-CH, 111 24 0.867
Diethyl ether CH,CH,-O-CH,-CH, 35 43 0.713
14

Aad linosu CHCI, 61 4.8 1.498

CH,-C(=0)-0-CH,-
Ethyl acetate 77 6.0 0.894

CH,

Tetrahydrofuran /-CH,-CH,-O-CH,-

66 7.5 0.886
(THF) CH,~\
Methylene chloride CH,CI, 40 9.1 1.326
Polar Aprotic Solvents

Acetone CH,-C(=0)-CH, 56 21 0.786
Acetonitrile (MeCN) CH,-C=N 82 37 0.786



http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B9%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/w/index.php?title=Dielectric_constant&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AE%E0%B8%81%E0%B9%80%E0%B8%8B%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%9A%E0%B8%99%E0%B8%8B%E0%B8%B5%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%97%E0%B8%A5%E0%B8%B9%E0%B8%AD%E0%B8%B5%E0%B8%99
http://th.wikipedia.org/w/index.php?title=Diethyl_ether&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A5%E0%B8%AD%E0%B9%82%E0%B8%A3%E0%B8%9F%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B8%A1
http://th.wikipedia.org/w/index.php?title=Ethyl_acetate&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=Tetrahydrofuran&action=edit&redlink=1
http://th.wikipedia.org/wiki/Methylene_chloride
http://th.wikipedia.org/wiki/Acetone
http://th.wikipedia.org/w/index.php?title=Acetonitrile&action=edit&redlink=1
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M13199 2-6 HAAIAUANLATINYNINUDIAITIA18A18NQY Non-Polar, Polar Aprotic 1@z

Polar Protic Solvents

(-19)
. . ANNHUMUY
C‘I’J‘VOH%’IZ%’I]EI gﬂilﬂ&l ﬁﬂ!ﬂi’)ﬂ (0O Polarity
(g/ml)
Non-Polar Solvents
Dimethylformamide
H-C(=O)N(CH3)2 153 38 0.944
(DMF)
Polar Protic Solvents
Dimethyl sulfoxide
CH3-S(=O)-CH3 189 4.7 1.092
(DMSO)
ﬂ‘i@l:h igf}ll CH3-C(=O)OH 118 6.2 1.049
CH,-CH,-CH,-
n-Butanol 118 18 0.810
CH,-OH
Isopropanol CH,-CH(-OH)-CH, 82 18 0.785
n-Propanol CH,-CH,-CH,-OH 97 20 0.803
1ONIUDA CH,-CH,-OH 79 24 0.789
Muoa CH,-OH 65 33 0.791
A
nsanesun H-C(=0)OH 100 58 1.21
e H-O-H 100 80 0.998



http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B9%E0%B8%95%E0%B8%A3%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/w/index.php?title=Dielectric_constant&action=edit&redlink=1
http://th.wikipedia.org/wiki/Dimethylformamide
http://th.wikipedia.org/w/index.php?title=Dimethyl_sulfoxide&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%94%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%AA%E0%B9%89%E0%B8%A1
http://th.wikipedia.org/w/index.php?title=Butanol&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=Isopropanol&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=1-Propanol&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AD%E0%B8%97%E0%B8%B2%E0%B8%99%E0%B8%AD%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A1%E0%B8%97%E0%B8%B2%E0%B8%99%E0%B8%AD%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%94%E0%B8%9F%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B8%A1%E0%B8%B4%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B8%99%E0%B9%89%E0%B8%B3_(%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5)
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ganu

-10 °C; 14 °F; 263 K

-14 °C; 7 °F; 259 K
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0.35 5.96 1.70 28.06
0.40 6.78 1.80 29.70
0.45 7.60 1.90 31.33
0.50 8.42 2.00 32.97
0.60 10.06 2.20 36.24
0.70 11.69 2.40 39.52
0.80 13.33 2.60 42.79
0.90 14.97 2.80 46.06
1.00 16.60 3.00 49.34
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1 1 901 ) A { a
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= I = A Y 9 v aan ] ]
waied 1una 30 N nlasuulasanuuruvesdnsalgnie (KOCH,) Adua 0.5 — 2.0

s 3 o ¥ o o
Lﬂaimuﬁiﬂﬂumuﬂmmumu

Exp. | wt.% KOCH, | % FFA out % yield % Ethyl ester
1 0.50 0.323 47.84 67.03
2 0.60 0.189 83.44 89.94
3 0.75 0.189 89.70 97.31
4 0.85 0.216 90.67 97.31
5 1.00 0.189 90.48 98.13
6 1.50 0.189 89.95 97.31
7 2.00 0.216 85.02 98.13

Mruasasaulas Tuaveuemusans MTBE 3lu 1:0.2

Exp. | wt.% KOCH, | % FFA out % yield % Ethyl ester
8 0.5 0.822 41.57 83.40
9 0.6 0.229 87.33 85.03
10 0.75 0.229 90.63 98.13
11 0.85 0.216 91.59 98.13
12 1.0 0.216 91.83 98.54
13 1.5 0.216 91.36 98.95
14 2.0 0.243 88.75 98.54
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1 1 901 ) A { a
mrualdoasidiulasluaveseniueanoiniuaeii 5:1 Ngungil 60 0aa

= I =~ Yy 9 o 1 aan J 3 o ¥ o
e 11ual 30 W ANWTNTUYRIA NIRRT (KOCH,) 0.85 1o didud lagiiviin

Y { 1 1 gjl \
oy Wasunlasoasidiulag luavewonueans MTBE adua 0— 0.5

Molar ratio wt.% % Ethyl
Exp. % FFA out %yield

EtOH : MTBE KOCH, ester
1 1: 0 0.85 0.216 90.67 97.31
2 1 :0.1 0.85 0.243 91.01 98.13
3 1:02 0.85 0.216 91.59 98.13
4 1:03 0.85 0.216 92.54 98.13
5 1:04 0.85 0.216 93.26 98.13
6 1:0.5 0.85 0.216 93.70 98.13
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Mvuadasidiulasluaveuoniueans MTBE 1:0.3 ldguugifl 60 09a

= I =~ Yy 9 o 1 aan J 3 o ¥ o
e 11ual 30 W ANWTNTUYRIA NIRRT (KOCH,) 0.85 1o didud lagiiviin

% v d‘ [ 1 a 1 Bo’ Y g’/ 1 =<
vouuhu WasunilasSunaudadiud luaveseniueanotinniu asua 4:1 D9 8:1

Molar ratio KOCH, Soap % FFA % Ethyl
Exp. %yield

EtOH : EPO % wt % wt out ester
1 40:1 0.85 2.28 0.243 88.90 98.13
2 45 :1 0.85 2.13 0.243 89.85 98.13
3 50 :1 0.85 1.48 0.216 92.54 98.13
4 55:1 0.85 1.45 0.216 92.34 97.31
5 6.0 : 1 0.85 1.49 0.216 92.45 97.31
6 6.5 :1 0.85 1.33 0.202 92.92 97.31
7 70 : 1 0.85 1.66 0.202 92.54 97.31
8 75 :1 0.85 1.27 0.216 92.69 97.31
9 8.0 :1 0.85 1.37 0.216 92.61 97.31
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[ 1 901 Y] A o 1
mrualioasiaiulas Tuaveaemusanoiiniuainy 5:19a31a7u Tas Tuaveaon

10a@o MTBE 1:0.3 NQa¥

a

G

DU 60 B3A YAl

Bod AnuTNTuveIAusHnien (KOCH,) 0.85

s 2 o ¥ @ ? o A Aq Y o Aaan 2 1 =
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Exp. Time (min) % FFA out % yield % Ethyl ester
1 5 0.216 91.73 97.31
2 10 0.216 92.02 98.13
3 20 0.216 92.04 98.13
4 30 0.216 92.40 98.13
5 40 0.216 93.54 97.31
6 50 0.216 93.47 98.13
7 60 0.216 94.05 98.13

nfSeuieumsly dihazaiesin (MTBE) waz liul¥dnihazaissiunnaiaia

Molar ratio
Exp. Time (min) | % FFA out % yield % Ethyl ester
EtOH:MTBE
1 1:0 5 0.189 90.61 97.31
2 1:0.3 5 0.216 91.73 97.31
3 1:0 30 0.202 90.38 98.13
4 1:0.3 30 0.216 92.40 98.13
5 1:0 60 0.189 92.70 98.13
6 1:0.3 60 0.216 94.05 98.13
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1 1 901 ) A { a
mrualdoasidiulasluaveseniueanoiniuaeii 5:1 Ngungil 60 oA
~ Y 9 Y aan L " ?_,' ] ?_,' Y] Aq Y
aFea ANUTNTUUDIANTIRATE (KOCH,) 0.85 tlosidua lagimiinveainiunainly

Tumsilgnsen 60 un nlasuuilasgungiin 50, 60, 70 uaz 80 oIrm AT

Exp. | Temp. (°C) | % FFA out % yield % Ethyl ester

1 50 0.189 91.76 98.95
2 60 0.189 92.70 98.13
3 70 0.189 89.63 98.95
4 80 0.216 87.16 98.95

13 = = 9 a v Y Y ' A
MMIANEUNLDN 4 N15NAaed Jaslsan1izlunsnaasufeInuIINAY LA INY
msanaihazatesay (MTBE) 11 1) ulfazen TaelioasidiulagTuaveaueniueanodd

Maza1953u (MTBE) A9 1:0.3

Temp.
Exp. % FFA out % yield % Ethyl ester
(°C)
5 50 0.202 93.50 98.54
6 60 0.216 94.05 98.13
7 70 0.162 91.95 98.54
8 80 0.216 92.80 97.31
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~ v o ' ~ ' 9 Y 9 o Aaa
nFsumeunaveIdimazaisswnmain1eg 15anuTuIuYeId 131 nI e
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(KOCH,) 0.85 tlosiiud lagthmiinvesiingiu 1wonsidiulag Iuaveasniueanotnunan
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151 Toanaiulag luavedomuoanod1mazalesduAINg 1:0.3 gaurginleslunism

U

URN301 60 varumaiFoesilgnse1nnaiaee Ao 5, 30 1az60 UIR

Exp. Co-solvent Time (min) | % FFA out % yield % Ethyl ester
1 No 5 0.189 90.61 97.31
2 MTBE 5 0.216 91.73 97.31
3 THF 5 0.216 92.05 97.31
4 No 30 0.202 90.38 98.13
5 MTBE 30 0.216 92.40 98.13
6 THF 30 0.216 93.82 98.13
7 No 60 0.189 92.70 98.13
8 MTBE 60 0.216 94.05 98.13
9 THF 60 0.216 95.03 98.95
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%wt. % Ethyl
Exp. | Co-solvent Time (min) | % FFA out % yield

KOCH, ester
1 No 0.60 10 0.216 90.25 83.40
2 MTBE 0.60 10 0.216 90.27 83.40
3 THF 0.60 10 0.216 92.35 83.40
4 No 0.60 60 0.216 93.03 91.58
5 MTBE 0.60 60 0.216 94.07 93.22
6 THF 0.60 60 0.216 95.06 93.22
7 No 0.85 60 0.189 92.70 98.13
8 MTBE 0.85 60 0.216 94.05 98.13
9 THF 0.85 60 0.216 95.03 98.95
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Effect of MTBE on Transesterification of Esterified Palm Oil

Sukarnda Palipote' and Chakrit Tongurai ?

' Chemical Engineering, Faculty of Engineering
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Abstract—Transesterificationof esterified palm oil with ethanol was carried out using

potassium methoxide (KOCH3;) as catalysts and Methyl tertiary butyl ether (MTBE) as co-
solvent. The aim of this work was to study and optimize the reaction parameters. Chosen
parameters were ethanol to oil molar ratio of 4:1-8:1, ethanol to MTBE molar ratio of 1:0-1:0.5
and reaction time of 5-60 min. MTBE was used as a co-solvent due to is miscible in both ethanol
and esterified palm oil, reduced viscosity in transesterification reaction for increased the
dissolution between ethanol and esterified palm oil, cheap price, inert to the reaction and easy to
remove from the product due to their boiling point are close to ethanol, the reaction was complete
by MTBE is co-solvent molar ratio at 0.5:1 of ethanol. The optimum values were molar ratio
ethanol to oil of 5:1 and reaction time 60 min when using 0.85 wt.% of KOCH; and reaction
temperature 60 °C. At the same experiment condition, the using MTBE as co-solvent will result in
higher ethyl ester yield of biodiesel more in the absence MTBE. The best results is addition of
MTBE are obtaining a biodiesel yield of 93.70 wt.%, ethyl ester content of 98.11 wt.% and free
fatty acid 0.216 wt.%. And the best results is non-addition of MTBE are obtaining a biodiesel
yield of 90.67 wt.%, ethyl ester content of 97.31 wt.% and free fatty acid 0.216 wt.%.

Keywords: biodiesel, esterified oil palm, co-solvent, free fatty acid, MTBE, ethyl ester

I. Introduction

The worldwide worry about the protection of the environment and the conservation
of non-renewable natural resources has given rise to the alternative development of sources of

energy as a substitute of traditional fossil fuels. The alternatives to diesel fuel must be technically
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feasible, economically competitive, environmentally acceptable, and readily available. Many of
these requisites are satisfied by vegetable oils or, in general, by triglycerides. Indeed, vegetable
oils are widely available from a variety of sources, and they are renewable [1].

Biodiesel, an alternative diesel fuel, is made from renewable biological sources such
as vegetable oils and animal fats. It is biodegradable and nontoxic, has low emission profiles and
so is environmentally beneficial. Vegetable oil remains the major feedstock for biodiesel
production. Animal fat and waste cooking oil have also been used. Soybean (US), rapeseed
(Europe), and oil palm (South-East Asia), to mention a few, have been successfully used as
renewable vegetable oil sources to generate biodiesel with superior qualities to those of
petroleum-based fuels. Oil palm produces fruit, 70—-80 wt.% of which is constituted by the
mesocarp, and about 45-50 wt.% of this mesocarp is oil. The rest of the fruit comprises the shell,
kernel, moisture, and other non-fatty fiber. The extracted oil is known as crude palm oil (CPO)
and consists of more than 90 wt.% triglyceride and 3-7 wt.% free fatty acid (FFA). The most
abundant fatty acids are palmitic and oleic acids. These feed stocks often contain significant
quantities of free fatty acids and water, which make them unsuitable for existing homogeneous
alkali-catalyzed processes. FFA can be neutralized by the addition of excess alkali, but this leads
to the formation of soaps and to post-reaction separation problems. Thus, a preferred pre-
treatment process for CPO is an esterification process with an alcohol, which converts FFA to
esters and commonly uses a strongly acidic liquid catalyst, such as sulfuric acid [5].

The most widely employed chemical process for producing biodiesel is
transesterification [2-7]. Transesterification has been described as a chemical reaction between
triglycerides and alcohol in the presence of a catalyst to produce esters. Transesterification
reaction using conventional acid/base catalyzed [8], enzymatic catalyzed and supercritical
conditions have been investigated. Three molecules of alcohol are required completely to react
with one molecule of the triglyceride in the reversible reaction, in which the triglyceride molecule

is converted step by step into diglyceride, monoglyceride and glycerol. In order to shift the
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equilibrium to the right, methanol is added in excess over the stoichiometric amount in most
commercial biodiesel production plants.

Short-chain alcohols such as methanol, ethanol, and butanol are the most frequently
employed. Although the use of different alcohols presents some differences about the reaction
kinetics, the final yield of esters remains more or less inalterable. Therefore, selection of the
alcohol is based on cost and performance consideration. Ethanol can be produced from
agricultural renewable resources, thereby attaining total independence from petroleum-based
alcohols. Also, ethanol, as the extraction solvent, is preferable to methanol because of its much
higher dissolving power for oils. For this cause, ethanol is often used as an appropriate alcohol for
the transesterification of vegetables oils. Therefore, producing ethyl esters rather than methyl
esters is of considerable interest, because, in addition to the entirely agricultural nature of the
ethanol, the extra carbon atom brought by the ethanol molecule slightly increases the heat content
and the cetane number. Finally, another important advantage in the use of ethanol is that the ethyl
esters have cloud and pour points that are lower than the methyl esters. This fact improves the
cold start [9]. And substantial improvements in this nucleophilic substitution reaction mechanism
upon the addition of another solvent into ethanol (co-solvent system) have been reported.

For example, Delgado [14] used methyl tert-butyl ether (MTBE) and tetrahydrofuran
(THF) in the transesterification of triglycerides with methanol-methyl acetate mixture, in order to
speed up the reaction to obtain methyl esters and triacetin. Hernando et al. [10] did the
transesterification of rapeseed and soybean oil using a combination of a co-solvent (MTBE) and
microwave irradiation to decrease the mass transfer resistance in the first stage of the reaction and
observed an easy separationof the glycerol phase formed. Finally, Guan et al. [11] suggested the
addition of ethers, like THF, 1,4-dioxane, Diisopropyl ether, dimethyl ether, diethyl ether or
MTBE, to render to methanol/oil system one phase. The ethers are good co-solvents because they
contain the balance of polar and nonpolar entities required lowering the interfacial surface tension

between methanol and vegetable oil.
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In this research work, transesterification of esterified palm oil using ethanol — co-
solvent (MTBE) system was conducted. The effect of adding MTBE in ethanol was evaluated
based on yield and quality of finished biodiesel product. Optimization of reaction time, ethanol to
oil and ethanol to MTBE molar ratio were also conducted. Finally, the quality of ethyl ester

produced was also evaluated using standard methods of analyses.

II. MATERIALS AND METHODS

1. Materials

Esterified palm oil (EPO) was obtained from Specialized R&D Center for
Alternative Energy from Palm Oil and Crops, Prince of Songkla University, Thailand. Anhydrous
ethanol (99%) was from by P. General Group co., Itd., Thailand. Potassium methoxide in
methanol solution (32%) was provided by Labchem (Pittsburgh, PA. USA). Methyl tert-butyl

ether (MTBE) (99%) was obtained from Ajax Finechem.

Table 1. Properties of Esterified Palm Oil

Properties
Molar mass 847 g/mol
Density 0.87 g/ml
Ethyl ester 20.27 wt.%
FFA 0.540 wt.%
H,0 0.163 wt.%
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2. Experimental procedure

Reaction of transesterification was carried out in 500 mL three-necked round bottom
flask with magnetic stirrer connected to a reflux condenser. The experimental parameter was, the
molar ratio of ethanol: oil (in the range of 4:1 to 8:1), the molar ratio of ethanol: MTBE (1:0.1 to
1:0.5) and reaction time (5 to 60 min). The catalyst content 0.85 wt.% of oil and the reaction
temperature of 60°C were kept constant.

The reactor was initially filled with the esterified palm oil and the MTBE needed to
obtain an initial single phase mixture, and then preheated to the desired temperature. Potassium
methoxide was dissolved in the ethanol, and the resulting solution was added to the agitated
reactor. The reaction was timed as soon as potassium methoxide and ethanol solution was added
to the reactor. After the prefixed time, the reaction was immediately quenched. Then, pour the
product into a funnel and leave it until ethyl ester and glycerol is completely separated (2
hr.),wash ethyl ester until the washing hot water is neutral (pH 7). Remove the water by heating

the ethyl ester at 120 °C for two hr.

—— water out

<«——— condenser

water in
<4+——  sampling
thermometer
heater stirrer

Fig 1. Three-necked batch reactor
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The percentage yield of ethyl ester for each batch produced was calculated by the

following equation.

% Yield = Weight of biodiesel produced (g) x 100

Weight of oil used (g)

3. Analytical methods

The ethyl ester content in biodiesel was determined according to the proximate
analysis of total glyceride and ester content (Patty Patent 5060 [12]). Following the Thailand Patty
Patent 5060, the total glyceride content in biodiesel can be obtained by transesterification
employing microwave irradiation. Residue glycerides in a biodiesel sample are brought into the
reaction with methanol in the presence of a catalyst to produce methyl ester and glycerol. The
amount of glycerol, stand-in of the glyceride content, can be established by using a correlation
curve. The total glyceride content, in wt.% unit, from this method can be proximately converted

into ester content by subtracting the value from 100 wt.% [13].

III. RESULTS AND DISCUSSION

1. Effect of molar ratio of ethanol to oil

Many researchers recognized that one of the main factors affecting the yield of
biodiesel is the molar ratio of alcohol to triglyceride. Theoretically, the ratio for the
transesterification reaction requires 3 mol of alcohol for 1 mol of triglyceride to produce 3 mol of
fatty acid ester and 1 mol of glycerol. An excess of alcohol is used in biodiesel production to
ensure that the oils or fats will be completely converted to esters and higher alcohol triglyceride

ratio can result in a greater ester conversion in a shorter time. Yield of biodiesel is increased when
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alcohol triglyceride ratio is raised beyond 3 and reaches a maximum. Furthermore increasing
alcohol amount beyond the optimal ratio will not increase the yield but will increase the cost for
alcohol recovery.

In this study it was performed nine experiments varying the molar ratio of ethanol to
oil (4:1 to 8:1), constant ethanol to MTBE molar ratio (1:0.3), 0.85wt.% of KOCHS3, reaction
temperature 60 °C and 30 min. It was obtained 92.54 wt.% yield, 98.17 wt.% ethyl ester and 0.216
wt.% FAA for 5:1 ethanol: oil molar ratio (show Table 2). As a consequence of these results, all

other experiments were performed with a molar ratio 5:1.

Table 2. Effect of molar ratio of ethanol to oil

Molar ratio
%Yield %ZEthyl ester %FFA

EtOH:Oil
4.0:1 88.90 98.13 0.243
4.5:1 89.85 98.13 0.243
5.0:1 92.54 98.13 0.216
5.5:1 92.34 97.31 0.216
6.0:1 92.45 97.31 0.216
6.5:1 92.92 97.31 0.202
7.0:1 92.54 97.31 0.202
7.5:1 92.69 97.31 0.216
8.0:1 92.61 97.31 0.216
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2. Effect of molar ratio of ethanol to MTBE

Transesterification of Palm Kernel oil using ethanol in alkali-catalyzed synthesis of
biodiesel was conducted by Alamu et al. [14] and reported the effect of ethanol to oil molar ratio
as one of the important factors affecting the transesterification process. In this work, constant
ethanol to oil molar ratio (5:1), 0.85 wt.% of KOCH3, reaction temperature 60 °C and 30 min was
used. In order to evaluate the effect of this important factor, we formulated different proportions
of ethanol to co-solvent systems by adding 1:0.1 to 1:0.5 molar ratio of ethanol to MTBE. Table 3
presents the effect of ethanol to MTBE molar ratio on the percentage yields of ethyl ester. The
optimum of molar ratio of ethanol to MTBE (show Table 3) was obtained 93.70 wt.% yield, 98.13
wt.% ethyl ester and 0.216 wt.% FFA for 1: 0.5 ethanol: MTBE molar ratio.

However, the effect of a co-solvent addition in ethanol volume was investigated.
From the results, MTBE addition requires higher percentage yields of total ethanol to overcome
mass resistance due to poor miscibility of co-solvent in ethanol and other properties associated

with its volatility.

Table 3. Effect of molar ratio of ethanol to MTBE

Molar ratio
%Yield %Ethyl ester %FFA

EtOH:MTBE
1:0 90.67 97.31 0.216
1:0.1 91.01 98.13 0.243
1:0.2 91.59 98.13 0.243
1:0.3 92.54 98.13 0.216
1:0.4 93.26 98.13 0.216
1:0.5 93.70 98.13 0.216
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Reaction time is one of the most important reaction conditions in production of

biodiesel. When potassium methoxide or the co-solvent solution was added into the esterified

palm oil, a distinct cloudy mixture was observed during transesterification at the initial stage.

The experimental results show the evolution of the transesterification reaction, over

time, in the presence and absence of co-solvent. However, using MTBE as co-solvent will result

in higher ethyl ester yield. Due to MTBE co-solvent will assist in faster mixing of oil and ethanol

into the same phase even at low reaction time, hence increasing the reaction rate and ethyl ester

content in the product.

100

95

90

% Yield

85

80

s

=4 presence of MTBE
—li—abhsence of MTBE

10 20 30 40 50 60

time (min)

70

Fig. 2. Effect of reaction time on percentage yield of ethyl ester at 60°C, 5: 1 molar ratio of

ethanol to oil, 0.85wt.% of KOCH, and 1: 0.3 molar ratio of ethanol to MTBE.
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IV. CONCLUSION

The transesterification of esterified palm oil into biodiesel using ethanol and MTBE
is co-solvent was optimized in this research work with the aim of reducing the reaction time and
improving the yield. High ethyl ester yield and fast reaction rate could be obtained even if reaction
time was relatively low, which is quite favorable to the production of the biodiesel industry.

At the same experiment condition, the using MTBE as co-solvent will result in
higher ethyl ester yield of biodiesel more in the absence MTBE.

Using MTBE as co-solvent is possible to obtain a biodiesel with ethyl ester content
higher than 97 wt.% within the first 5 min of reaction.

The optimum values of the variables were ethanol to oil molar ratio of 5:1, ethanol to
MTBE molar ratio of 1:0.5 and 60 min of reaction time for the 0.85 wt.% of KOCH, catalyzed
reaction obtaining a biodiesel yield of 93.70 wt.% ethyl ester content of 98.11 wt.% and free fatty

acid 0.216 wt.%.
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