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Commentary
Biodiesel (fatty acid methyl esters, FAME) is an important biofuel for the future. It is produced by transesterification of
triglycerides, in vegetable oils and animal fats. In the first-generation processes, alkaline-based catalysis was mostly
employed. It has been established for the conversion of vegetable oils with relatively low free fatty acid content [1,2]. In
second generation processes, enzymatic reaction was commonly applied, using a lipase (EC 3.1.1.3) [3-5]. Enzymatic method
is anticipated as an environmental friendly processes and lower consumption of thermal energy. Several scientific reports
have discussed the use of immobilized lipases. For establish lower cost in application, direct use of liquid soluble lipase is
favorable for commercial processing. Several recent publications attest to the clear advantages of liquid soluble in
application. Callera Trans L™ contained Thermomyces lanuginosus (Novozymes A/S, Denmark) has been used often in
investigations. For an effective commercial operation, physicochemical properties of aqueous-oil interfacial area are
important subject since lipases are activated at the liquid-liquid interface.

The interfacial area and frequency of collision are depended upon the mixing condition. It has been conventionally carried
out using a stirrer. Ultrasound irradiation was proposed as attractive alternate technique to enhance reactivity yield. Several
reports demonstrated effective improvements in lipase-based reactions via the use of ultrasound. Cavitation caused by
ultrasound increased intensity of turbulence and micro-scaled circulation currents. They are effective tool for elimination of
the mass transfer resistances [6-9].
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We have reported some attractive results using a two-compartment reactor [10]. The reactor was composed of a mechanically
stirred compartment (ST) and an ultrasound irradiation compartment (US). The reaction solution was recirculated between
the ST and the US. The reactor demonstrates the enhancement effect of ultrasound on the enzymatic reaction. In this article,
the effect of ultrasound irradiation and stirring (FIG. 1) were shown by using substrates rapeseed oil and methanol, soluble
lipase (Callera LTM).

FIG. 1. Schematic diagram of reactor system.

Rapeseed oil, from Emmelev A/S (Otterup, Denmark), methanol (99.8%, technical grade), and soluble lipase (CalleraL TM)
which was kindly donated by Novozymes A/S (Bagsværd, Denmark) were employed.

FIG. 2 depicted the time course of FAME production. In this study, examinations were carried out triplicate repeating and the
mean values were presented. The initial reaction rate in the ST+US compartment was 1.3 folds higher than that of the ST
single system. Numerical evidence of ultrasound irradiation in the separate vessel (US) was our original data for forthcoming
development of industrial FAME production.

Reaction rate was improved by the aid of ultrasonication in US compartment. Micro-scale turbulence caused by cavitation
reduced mass transfer resistance
.

FIG. 2. Time course FAME production during the (trans-) esterification of rapeseed oil.
(Ultrasound power: 38 W; Frequency: 24 kHz. The cross-sectional area of the ultrasonic horn: 153 mm2; Flow rate:
0.83 mL s-1; Reaction temperature: 308 K).
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Ultrasound irradiation strongly influenced mean diameter of W/O emulsion droplet. Specific interfacial area (α [m -1]) in the
W/O emulsion with ultrasound power was presented in FIG. 3. The Sauter mean diameter of W/O emulsion droplets d32 was
determined by measurement of one hundred droplets. The specific interface area of W/O emulsions calculated by eqn. (1).

(1)

The volumetric fraction of water phase φ was constant at 0.02. Amphiphilic reagent Span 80 (0.01 wt %) was limitedly used
in measuring droplet size. In the case of ultrasound irradiation, the interfacial area of W/O emulsion was apparently increased
with respect to the stirring only used.

FIG. 3. Effect of ultrasound irradiation and stirring on interface area of W/O emulsions.

Promising effect of ultrasound irradiation on improvement of FAME production rate was brought by the elimination of mass
transfer residence by microscale turbulence and the production of large interfacial area in reaction liquid phase.
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