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Enzymatic Biodiesel Synthesis from
Canola Oil in Liquid Carbon Dioxide
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Abstract It has been well known that organic solvents like t-butanol and n-hexane can protect lipases from the inhibition
by short-chain alcohols in the enzymatic transesterification. However, use of the organic solvents should be
minimized considering their negative effects on environment and human health. Therefore, use of the greener
solvents has been pursued in various are as including the enzymatic biotranformation. In this study, the liquid
carbon dioxide (LCO,) was employed as an alternative media for the enzymatic transesterification of canola
oil. The conversion in the LCO, was comparable with those in organic solvents and the supercritical carbon
dioxide, and under optimum conditions, the value reached 99.7%. It is expected that this method can provide
a new type of biodiesel production process with higher energy efficiency and lower environmental impact.
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Fig. 1. Schematic diagram of the apparatus for the preparation
of biodiesel using liquid and supercritical carbon dioxide.
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Fig. 2. Phase diagram condition of liquid carbon dioxide in
this study.
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Table 1. Comparison of conversion at 24 h, 30°C, 300 rpm and 100 bar of transesterification reaction by immobilized enzymes

under liquid carbon dioxide

Immobilized enzymes Conversion
Organism Particle size (mm) Carrier Specificity Grade (%)
Novozym 435 Candida antarctica 0.3-0.9 Macroporous acrylic resin Non-specific Technical grade 214
Lipozyme RM IM Rhizomucor miehei 0.2-0.6 Macroporous anion exchange resin 1,3-specific ~ Food grade 75.57
Lipozyme TL IM  Thermomyces lanuginosus 0.3-1.0 Granulated silica 1,3-specific  Food grade 99.7
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Fig. 3. Comparison of FAME conversion by different immobilized

enzymes under liquid carbon dioxide. Reaction condition;

50 mM of canola oil, lipozyme TL IM 20% (wt) of oil,

methanol/oil molar ratio of 3 : 1, temperature at 30°C,

pressure at 100 bar and agitation speed at 300 rpm.
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Fig. 4. Comparison of FAME conversion by different solvents
under solvents. Reaction condition: 50 mM of canola
oil, solvent 50% (v/v) of oil, methanol/oil molar ratio of
3 11, temperature at 30°C, and agitation speed at 300 rpm.
Liquid carbon dioxide (LCO;) pressure is 100 bar.
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2bslerAs Adefol A 3AIE AT £ 38.9%, FHE 52.8%9]
e85 BRI} (Fig. 5).
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Fig. 5. Biodiesel production with the reaction time under liquid
and super critical carbon dioxide. Reaction condition;
50 mM of canola oil, lipozyme TL IM 5% (wt) of oil,
methanol/oil molar ratio of 3 : 1, temperature at 30°C and
40°C (former: liquid carbon dioxide, after: supercritical
carbon dioxide), pressure at 100 bar and agitation speed
at 300 rpm.
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Fig. 6. Effect of reaction temperature, pressure, and enzyme
loading amount on biodiesel production in LCO; by
lipozyme TL IM. Reaction conditions: (a) 50 mM of canola
ail, lipozyme TL IM 5% (wt) of oil, methanol/cil molar ratio
of 3:1, pressure at 100 bar and agitation speed at 300 rpm,
(b) 50 mM of canola oil, lipozyme TL IM 5% (wt) of oil,
methanol/oil molar ratio of 3 :1, temperature at 26°C and
agitation speed at 300 rpm, (c) 50 mM of canola oil,
methanol/oil molar ratio of 3 :1, temperature at 26°C,
pressure at 65 bar and agitation speed at 300 rpm.
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Fig. 7. Biodiesel production with the reaction time under liquid
carbon dioxide. Economic conversion condition; 50 mM
of canola oil, lipozyme TL IM 10% (wt) of oil, methanol/oil
molar ratio of 3 : 1, temperature at 26°C, pressure at
65 bar and agitation speed at 300 rpm. High conversion
condition; 50 mM of canola oil, lipozyme TL IM 20.0 w%
of ail, methanol/cil molar ratio of 3 : 1, temperature at 30°C,
pressure at 100 bar and agitation speed at 300 rpm.
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