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ABSTRACT  
 

Conventional process of biodiesel production is carried out in a batch system with mechanical stirrer. This 
process needs 30 up to 120 minutes for a complete reaction and produces less than 96% conversion of vegetable 
oil to biodiesel. Ultrasound is predicted to be able to accelerate the chemical reaction, to increase the conversion 
of vegetable oil into biodiesel, and to decrease the need of catalyst and energy input. Mathematical model and 
the application of ultrasound for processing of biodiesel were conducted in this research. The result of the 
experiments showed that the ultrasound increased reaction rate and the conversion of palm oil into biodiesel up 
to 100 % in 1 minute. Simulation with experiment data showed that the acceleration of transesferification with 
ultrasound was affected not only by natural mixing and increasing temperature but also the cavitations, surface 
tension of micro bubble, and hot spot accelerate chemical reaction. In fact, transesterification of palm oil with 
ultrasound still needs catalyst.  However, the concentration was lower than that with mechanical stirrer. 
Ultrasound improves reaction rate and conversion of palm oil into biodiesel, and decrease the need of catalyst.    
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Introduction 

 
Biodiesel is produced from vegetable oils by converting tri-glyceride oil to methyl or ethyl esters with a 

process known as transesterification. The conventional process of transesterification is carried out in a batch 
system with mechanical stirrer. This process needs 30 - 120 minutes for a complete reaction and produces less 
than 96% conversion of oil to biodiesel (Susilo B. Studi, 2007). 

Ultrasound is a sound which has a frequency greater than the upper limit of human hearing. Ultrasound is 
mechanical waves and need a medium for their propagation (Bindal, V.N., 1999). The phenomenon of 
cavitations and acoustic mixing occur under application of ultrasonic in the liquid. Ultrasonic wave is predicted 
to be able to accelerate the chemical reaction, to increase the conversion of plant oil into biodiesel, and to 
decrease the need of catalyst and energy input.   

Normally, continuous reactor process gives lower production cost and uniform product quality than batch 
process. Reference (Benitez, F.A., 2004) conducted biodiesel production in a batch transesterification processes 
by using ultrasound. A mathematical model called cavitation model was developed to deal with mass transfer 
aspects of the alkaline transesterification reaction of vegetable oils; a comparison between the cavitation model 
and diffusion through spherical pores was made (Benitez, F.A., 2004). 

Ultrasound tends to be divided into three categories: power ultrasound (20-100 kHz), high-frequency 
ultrasound (100 kHz-1MHz) and diagnostic ultrasound (1-10MHz) (Benitez, F.A., 2004). The application of 
ultrasonic is hypothesized improve chemical reaction rate, but a few has been reported the use of ultrasound for 
improving palm oil transesterification. Recently the experimental researches about mathematical model of 
transesterification of biodiesel processing using ultrasound are not been widely published. The researchers are 
usually carried out in an experimental domain of mechanical stirrer. Although there are a number of kinetics 
studies in literature on transesterification of oil with alcohol, only a few of them concerned with batch process 
and kinetic model of ultrasonic application for transesterification. 

The objective of this research is to develop validated dynamic model of transesterification with ultrasound. 
Two activities were conducted in this research: The first activity is model development and validation and the 
second activity is laboratory experiment. 
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Methodology: 
 
Material. A commercial edible palm oil, a 95% commercial methanol, and a commercial KOH were 

utilized in this research. Sulphuric acid 0.6 N was used to neutralize the catalyst and to stop the reaction.  
Apparatus. The experimental set up is shown in Fig. 1. An Ultrasonic instrument (type Braun-Sonic 2000) 

consists of ultrasound wave’s generator, horn, and reactor. The generator has frequency and amplitude regulator. 
It has two level frequencies which are 19.3 kHz (lower frequency) and 29.53 kHz (upper frequency). The 
regulator and the horn are connected by a cable; therefore, the horn can be flexibly moved. The reactor was laid 
in a frame. The depth of the horn in reactant is regulated manually.  

  

 
Fig. 1: Ultrasonic apparatus. 
 

The experiment conducted at the maximum frequency and power of Braun-Sonic 2000. Catalyst 
concentration of the first experiment was 10 gram KOH/litre oil (=0.216 M) at reaction time periods of 30, 60, 
120, 240, and 420 seconds. The molar ratio of methanol to oil = 6:1. The second experiment conducted for 60 
seconds with concentration of catalyst 0.216 M, 0.108 M, 0.0648 M and 0.0432 M.   

The process stopped by H2SO4 neutralization, and followed by the centrifugation process at 5000 RPM for 
5 minutes. Subsequently, the product was separated carefully with pipette and refined twice from catalyst and 
sulphite acid with aquades (Benitez, F.A., 2004). The sample was stored at 0 0C to prevent further reaction.   

The complex reaction of transesterification is caused by tri-glycerides (TG), which has three fatty acid 
bonds. The model development based on the change of fatty acid chain that be bonded by glycerol. Tri-
glycerides (TG) react with methanol (A) produced di-glycerides (DG) and methyl ester (E); di-glycerides react 
with methanol (A) produced mono-glycerides (MG) and methyl ester (ME); mono-glycerides (MG) react with 
methanol (A) produced methyl ester (ME) and glycerol (GL) described in (1-4).  The catalyst (Cat) is involved 
in this model. It reacts with reactant and produce methoxide, product and catalyst (Nouredinni, H., D. Zu, 1997). 
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c

c
    ................................................................................................................................... (4) 

with c1, c3, c5, and c7 are constant of association and c2, c4, c6, c8 are constant of dissociation. 
 

The model can be developed by using MATLAB. In that case, the differential equations can be solved by 
Runge-Kutta formulation with Dormand–Prince method which is used as default method in MATLAB known as 
ODE45 (Ayyub, B.M., R.H. McCuen, 1996; Dormand, J.R., P.J. Prince, 1980). The parameter of reaction 
constants c1 to c8 can be obtained in MATLAB by least-squared error approach known as lsqnonlin. Where, the 
confidential interval of estimated parameters can be obtained by nlparci function. 

The simulation period was equal to experimental reaction time with a certain time interval. Hence, the 
concentration of TG, DG, MG, ME, GL, and A can be predicted in time. The output of simulation was evaluated 
with experimental data as a model validation.  

 
 
 



254 
Adv. in Nat. Appl. Sci., 5(3): 252-256, 2011 
 

 
 

Results and Discussion 
 

From Eq.(1-4), the state variables of the reaction were appear in a non-linear dynamic first order differential 
equation that explains the concentration change of the TG, DG, MG, ME, GL and A during reaction. Whereas, 
the parameters consist of 3 constants of association and 3 constants of dissociation since c7 and c8 were skipped 
due to the assumption of no shunt reaction from TG to ME in this multistage reaction. The mathematical model 
can be are described in Eq. (5-10). 
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The validation of the model used the initial concentration for TG is 1.2 M and the experiment duration of 

420 seconds. The lsqnonlin function is employed based on the minimisation of sum of squared error among the 
model and the data points of TG, DG, MG, and ME simultaneously. Thus, the model can predict TG, DG, MG, 
ME, GL and A simultaneously and the parameters with low confidential interval. The experimental data and 
simulation result of transesterification is described in Fig. 2 and the estimated parameter values and the 
confidential intervals are shown in Fig. 3.  
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Fig. 2: Experimental and Simulation of transesterification by using ultrasound. 
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Fig. 3: Constants of transesterification rate with ultrasound. 
 

From Fig. 3, the constant of association from MG to ME (c5) and the constant of association from MG to 
ME (c6) have low confidential interval. It means that these two parameters were accurately estimated. The 
strong correlation among the parameters made uncertainty of the parameters. 

The concentration of TG, DG, MG, and ME were obtained from the first experiment with 0.216 M KOH at 
reaction time periods of 30, 60, 120, 240, and 420 seconds. The concentration values and simulation were 
described in Fig. 2.  

The experimental and simulation results for the concentration of mixture during various time periods are 
shown in Fig. 2. From the data points can be observed that the reaction rate was increasing rapidly at the 
beginning of reaction and getting stable after 60 seconds. The formation of DG and MG from TG and the 
formation of ME were simultaneously occurred. The concentration of TG was drastically decreasing while DG 
and MG concentration were climbing at the first 30 seconds. The concentration of ME was increasing in time 
and reached its saturation started from 60 seconds. At this time period, the peak of ME was reached where the 
conversion of TG to ME was up to 100%.  

The transesterification reaction is a type of reversible reaction and it is possible that ME was transformed 
back into another components such as TG, DG or MG. Therefore, the concentration fluctuation of TG, DG, MG 
and ME was occurred to the next data points after 60 seconds. Furthermore, it was supposed that the optimum 
reaction time with ultrasound was 60 seconds. 

The missing information of the reaction at the beginning of the reaction was described by the model 
simulation in Fig.2. At the third row, the concentration fluctuation of DG and MG during reaction is clearly 
described. DG and MG concentration are accumulating in certain period of time, and then they are decreasing in 
time until they reach their steady state condition. The concentration fluctuation of DG was followed by the 
concentration fluctuation of MG in the early time reaction.  

The production rate of ME with ultrasound as in Fig. 2 starts with a sudden inclination followed by a lower 
production rate as reaction approaches equilibrium. It was different to the production of biodiesel with 
mechanical stirrer. Reference (Nouredinni, H., D. Zu, 1997) wrote that the production with mechanical stirrer 
shown a sigmoid pattern (S-shape) for production of ME. This pattern consists of a slow rate at the beginning 
followed by a sudden surge and finally a slow rate again. 

Transesterification with ultrasound did not show the initial mass transfer-controlled region, that there was 
no S-shape curve and no lag time at the initial stage. The reaction direct to the kinetically controlled region. It 
was occurred because of perfect mixing with ultrasound that affecting good diffusion between alcohol and oil. 
Reference (Nouredinni, H., D. Zu, 1997) explain if a sufficient mixing is supplied, a lag time of a mass transfer-
controlled region can be eliminated. It drives the reaction to be homogeneous for all reaction times even in the 
initial stage of the reaction (Leevijit, T., 2004). In addition, application of ultrasound in liquid creates cavitations 
and hot spot, that it increases all of chemical reaction rate (Suslick, K.S., 1998).   

Reference (Benitez, F.A., 2004) explained that at the beginning of the application of ultrasound, a transient 
cavitation occurs in a very short time period, perhaps microseconds. The bubble walls raise their velocity as 
high as the speed of the sound in liquid, due to the violent collapse of the primary bubbles. These jets lead to the 
formation of drops of alcohol, which are dispersed into the oil phase forming an emulsion. 

The result of the experiment conducted for 60 seconds with concentration of KOH catalyst 0.216 M, 0.108 
M, 0.0648 M and 0.0432 M is described in Fig. 4.The catalyst concentration of 0.216 M KOH was the 
recommended concentration to produce ME in 60 seconds time period with the highest yield of methyl ester. 
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Fig. 4: ME production with ultrasound with respect to catalyst concentration. 

 
Conclusions: 
 

Transesterification with ultrasound converts triglycerides to methyl ester more effective than that with 
mechanical stirrer. The conversion was up to 100% with 29.57 kHz ultrasound for reactant volume 125 ml at 
time period of 60 seconds. The kinetics model can give a good prediction and information about biodiesel 
production with ultrasound.   
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