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Synthesis of Biodiesel Using Supercritical Fluid
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ABSTRACT : Biodiesel is synthesized by transesterification of vegetable or animal oils with alcohols.
Since it has similar characteristic with diesel fuel, it can be used as a fuel by mixing with diesel fuel.
Moreover, it is advantageous that biodiesel can reduce air pollution emitted from fuel combustion and is
produced from sustainable energy, biomass. Recently, many researchers have investigated biodiesel synthesis
using supercritical methanol since it is economical due to shorter reaction time and simple
separation/purification process, compared with conventional alkali- or acid-catalyzed process. By the
development of biodiesel production process from waste edible oil using supercritical methanol, it can be
expected to utilize potential energy resources, reduce carbon dioxide emission, and improve environmental
conditions.

* keyword : biodiesel, methyl ester, supercritical fluid, transesterification, supercritical methanol
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Table 1. Fatty acid compositions of various
vegetable oils

Vegetahle oil Faity acid composition, wi

140 16:00 150 200 220 240 151 220 1%:2 18:3
Corn i 12 2 Ir ] i 3 [ o Ir
Cottonseed i 3 | (] 0 1] 13 1] aH 0
Crambe i 2 I 2 I | ] 59 9 7
Linseed [ 5 2 0 il i N 1} 1% 55
Peanut i 11 2 I 2 1 45 i i I
Rapeseed 1] 3 ] 0 0 i 4 1] n £
Salllower 0 9 2 0 0 0 12 0 TR ]
H.0. Saiflower Ir 5 2 Ir 0 it ™ i (K] ]
Sesame [ 13 4 0 0 L 53 [1} 0 Il
Sova bean 1] 12 3 0 0 i px} 1] 55 [
Sunflower 1] [ 3 0 0 1] 17 1] 74 0

Table 2. Systematic name and structural formula of
fatty acids

Fatty acid Systematic name Structure” Formula

120

“12H2 0

Lauric

C
Myristic 140 CyiH=0:
Palmitic Hexa 160 CraHa0:
Steanic Octadecanoic 15:0 CysHw0-
Arachidic Eicosanoic 200 CoyHy 0
Behemic Docosanoic pdli} O
Lignoceric . 240 L
Oleic Nl 18:1 o
Lineleic c 1 2-Octadecadienoic 18:2 Cy
Linolenic -Octadecatnienoic 15:3 & h
Erucic 21 CrHy O
oy indicates xv carbons in the fatty acid chain with v double bonds.
Hy Hy Hy Hy Hy Hy Hy Hy o)

C C C C C C C C Vi
NN TN TN e TN e e T N e e —C

HsC
Hy Hy Ha Ha H H Ha Ha

N\
O—CHg,

Figure 1. Structure of biodiesel.
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H,C-0-C- (CHa),sCH,

il
HC-O-C- (CH,);CH=CH {CH,}, CH;

1]
H,C-O-C- (CH,);CH=CHCH,CH=CH(CH,)4CH,

Figure 2. Structure of typical triglyceride molecule.
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Table 3. Characteristics of biodiesels produced from
various vegetable oils

Vegetable oil
methyl esters

Cetane
viscosity no.

Lower Clowd Powr
heating point () point

value (R ]

Kinematic Hash
point

(°C)

Diensity
(kgly

(biodiesel) (mm=fs)

MIkg)
Peanut 19 34 336 5 176 0,883
Soya bean 4.5 45 B35 | =17 178 0,885
Babassu in 63 s 4 127 0875
Palm 57 62 B35 13 164 0880
Sunflower 46 49 135 | 183 0860
Tallow 12 ] 9
Diesel 306 S0 438 [ 76 0.855
206 hiodiesel 32 51 432 16 128 0859
blend
20
NOx
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Figure 3. Exhaust gas components with biodiesel

content.
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Figure 4. Biodiesel production process by

transesterification.

R1COOC|H2 R'COOCH, (leQOH
R?COOCIH +3 CH,OH _'l RICOOCH, + CIHOH
R*COOCH, RCOOCH, CH,0H

Figure 5. Transesterification of triglyceride with
methanol.
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Table 4. Transesterification catalysts

- Magnesium, calcium oxides

- Carbonates of basic and acidic macro-reticular
organic resin

- Alkaline alumina

- Phase transfer catalysts

- Sulfuric acid, Hydrochloric acid, PTSA

- Alkoxides (Sodium alkoxides,--)

- Hydroxides (NaOH, KOH)

- Dehydrating agents (Co-catalysts)

Triglyeerides (TG) + R'OH & Diglycerides (DG) + R'COOR,,
ks
Diglycerides (DG) + R'OH 4A—- Monoglycerides (MG) + R'COOR,.,

Monoglycerides (MG) + R'OH <"—> Glycerin (GL) + R'COOR;.
Ke

Figure 6. Transesterifications of vegetable oil with
alcohol to esters and glycerol as a series reaction.

0 0

|
HO-C-R + KOH ,

Fatty Acid Potassium Hydroxide

|
K'0-C-R + 0O

Potassium soap Water

Figure 7. Saponification as a side reaction of
biodiesel synthesis.
0 0
Il (H,S0,) I
HO-C-R + CH;0H N
Fatty Acid Methanol

CH;-O0-C-R + H;0
Methyl ester Water

Figure 8. Transformation of fatty acid into biodiesel
by preparation.
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Swong
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Figure 9. Alkali-catalyzed production process of biodiesel.
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Figure 10. Temperature—pressure diagram of
CH3OH.
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Figure 11. Characteristics and applications of
supercritical fluids.

Table 5. Physical properties of liquid and
supercritical state methanol

Properties CH;0H scCH3;0H
Condition 25°C, 1bar  250°C, 200bar
Density (g/cm®) 0.80 0.27
lonic product, log Kw -0.77 N/A
Dielectric constant 32.6 72
Viscosity, Pa - s 5.4x10° 0.58x10°
Hydrogen bonding No. 1.93 0.7
Solubility parameter, (MPa)"” 7.1 41
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.. Rapeseed oil
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Figure 12. Transesterification results of rapeseed oil
using the batch type reactor. (mole ratio between
methanol:oil=42:1, T=350C, P=450bar)
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Figure 13. Analysis of various methyl esters
prepared by supercritical methanol and common
alkali-catalyzed process compared with those of
commercial biodiesel oils.
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Table 6. Comparison between the common method
and the supercritical methanol method for biodiesel
production

Common method 5C MeOH method

Reaction time 1-8h[3-8] 120-240 s
W-657C [4] 800 MPa, =239.4°C
Canalyst None

Free fany aculds Saponified products Methyl esters

Yield Normal Higher

Removal for Methanol, catalyst and saponificd Methanol

parification pro<ucts

Process Complicated Simple

Reaction conditions

Table 7. Yield of biodiesels with free fatty acid
content and water content by alkaline—catalyzed,
acid—catalyzed, and supercritical process

Vegetable oil FFA content' (%) Warer content (W) Yield of methy] esters, wi’%

Alkalne-catalyzed  Acid-catayzed Supercritical methanol
Rapeseed ol 20 002 a0 %4 %5
Palm ofl 33 2 4 98 %9
Used fryimg oil 36 02 %l 978 9.9
Waste pelm oil 200 610 No reaction No reaction 038

“Tn weight percentage of free faty acids to vegerable oil
PObained from householdsin Kyoto city.

100 L L
Supercrit|cal Process

\

Alkaline-gatalyzed

A\
20 ™~
Acid-catd ym“

0 2 4 6
Water content (%)

Methyl esters (%)

Figure 14. Effect of water content on the vyields of
methyl esters.

100 @ @
A Supercritical Process

g 80 \k
[
g 60 ™~
I -\\
) Acid-catplyzed
2> 40 \-
g AN
20
Alkaline-catglyzed
0
0 10 20 30 40

Free fatty acids content (%)

Figure 15. Effect of free fatty acids content on the
yields of methyl esters.
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No byproducts
No washing
No Drying

Supercritical Process

350°C, 400atm, few min R]'COOCHS (I:HZOH
RECOOCH| + |CHOH
RSCOOCH,|  |CH,OH

Alkali Catalyst Proct
65°C, 1.5atm, few hour:

Methanol Methyl Ester Glycerin
oo )
Saponification reaction
water wastewater

Water washing & Drying process

Figure 16. Comparison between biodiesel production
using supercritical methanol and alkali-catalyzed
process.
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Figure 17. Biodiesel production process using

supercritical methanol.
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2342 vag 7

Table 8. Comparison of various biodiesel
manufacturing processes

Variable Alkali canalysis Lipase catalysis  Supereritical

aleohol

Acid catalysis

Reaction temperature  60-T0 30-40 239383

Saponified products Methyl esters Esters

35 80

Esters

Mo influence Interference with
reaction reaction
Normal Higher Gond MNormal
Recovery of Difficult Easy Difficult
Punfication of methy]l  Repeated washing Nome Repeated washing
eslers
Production cost of Cheap Relatively Medium Cheap
catalyst expensive
FHole 2AATHANM w2 =E 500C o)F
o2 BeAA BN S st A&l
7 @2 vholetds HAERE A st HFAHS
= dfet 2o 952 AxHe nlolerelg
i AFE T fEHe MEAT F e =5
g F7go] A=l Slvk Figure 189+ W3- =0l
ge fhery Azd voedddans 4542
Uehd 2102 9257t 500C ool AE f57
o] 0T ofstz Yrolx AL freidel Mise As
71h g &= AeH16]
12
NE |
e Palm oil
8
e s o
E
a @
5 2
&
0
-2
4 @
420 440 460 480 500 520
Reaction Temperature (°C)
Figure 18. Pour points of biodiesel fuel as a

function of reaction temperature in transesterification

of palm oil using supercritical methanol.
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