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Abstract 
 

A benign process, non catalytic transesterification in sub and supercritical methanol method was used 
to prepare biodiesel from vegetables oil. The experiment was carried out in batch type reactor (8.8 ml 
capacity, stainless steel, AKICO, JAPAN) by changing the reaction condition such as reaction 
temperature (from 210°C in subcritical condition to 290°C in supercritical state with of 20°C 
interval), molar ratio oil to methanol (1:12-1:42) and time of reaction (10-90 min). The fatty acid 
methyl esters (FAMEs) content was analyzed by gas chromatography-flame ionization detector (GC-
FID). Such analysis can be used to determine the biodiesel yield of the transesterification. The results 
showed that the yield of biodiesel increases gradually with the increasing of reaction time at 
subcritical state (210-230oC). However, it was drastically increased at the supercritical state (270-
290oC). Similarly, the yield of biodiesel sharply increased with increasing the ratio molar of soy oil-
methanol up to 1:24. The maximum yield 86 and 88% were achieved at 290oC, 90 min of reaction time 
and molar ratio of oil to methanol 1:24, for soybean oil and palm oil, respectively.  
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Abstrak 
 

TRANSESTERIFIKASI MINYAK NABATI DENGAN METANOL PADA KONDISI SUB 
DAN SUPERKRITIK. Proses transesterifikasi non katalitik dengan metanol sub dan superkritis, 
merupakan proses yang ramah lingkungan digunakan untuk pembuatan biodiesel dari minyak nabati. 
Percobaan dilakukan dalam sebuah reaktor batch (kapasitas 8,8 ml, stainless steel, AKICO, JAPAN), 
dengan variabel kondisi reaksi seperti temperatur reaksi (dari kondisi subkritis 210°C-kondisi 
superkritis  290°C dengan interval 20°C), rasio molar minyak-metanol (1:12-1:42) dan waktu reaksi 
(10-90 menit). Kandungan metil ester asam lemak (FAME) dianalisis dengan kromatografi gas 
dengan detektor FID (GC-FID). Hasil Analisis tersebut dapat digunakan untuk menentukan yield 
biodiesel dari proses transesterifikasi. Hasil penelitian menunjukkan bahwa yield biodiesel meningkat 
secara perlahan dengan meningkatnya waktu reaksi pada keadaan subkritis (210-230oC). Namun, 
yield biodiesel meningkat secara drastis pada kondisi superkritis (270-290oC). Demikian pula halnya 
dengan rasio molar minyak kedelai-metanol, dimana hasil biodiesel meningkat tajam dengan 
meningkatnya rasio molar minyak-metanol hingga 1:24. Yield maksimum  dicapai pada 290oC, waktu 
reaksi 90 menit dan rasio molar minyak terhadap metanol 1:24, yaitu sebesar 86% untuk minyak 
kedelai dan 88% untuk minyak sawit. 

 
Kata kunci: katalis bebas; sub-dan superkritik metanol; transesterifikasi; minyak nabati 

 
 
INTRODUCTION 

Currently biodiesel is very promising 
alternative energy to be developed as a replacement 
for diesel oil (Joelianingsih et al., 2008; Asri et al., 
2010). Biodiesel has many advantages, especially; it is 

friendly to the environment, due to its characteristics, 
lack of aromatic compound, high biodegradability, 
low SOx and particular matter content (Schuchardt et 
al., 1998; Michael and McCormick, 1998; Ma and 
Hanna, 1999).  Biodiesel is derived from renewable 
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materials such as vegetable oils, animal oils, algae and 
used cooking oil. Moreover, biodiesel has a 
tremendous potential in reducing pollutants and 
carcinogenic agents. Currently, biodiesel is generally 
produced by conventional methods using 
homogeneous base catalyst (Joelianingsih et al., 2008; 
Asri et al., 2010; Imahara et al., 2008; Minami and 
Saka, 2006). In this process, however, there are many 
weaknesses i.e. free fatty acids contained in 
triglycerides (FFA > 0.5%) reacted with the catalyst to 
produce saponification products that are not desired, 
massive waste water was discharge from the process to 
clean the catalyst and the product. The process 
requires much more purification steps to eliminate 
saponified product as well as catalyst, eventually 
resulting in the lower yield of biodiesel. Furthermore, 
the total cost of biodiesel production is not competitive 
compared to the diesel oil. Therefore, a number of 
studies still need to be developed in order to find an 
effective biodiesel production process with low cost 
and minimum environmental impact. 

Transesterification with heterogeneous catalysts 
is one of the most promising alternative to produce 
biodiesel from vegetable oils, so it would be able to 
overcome the weaknesses of homogeneous catalysts. 
Heterogeneous catalytic process is expected to be an 
effective process and provide a minimal impact on the 
environment. Kouzu et al. (2008) conducted 
transesterification of soybean oil  with refluxing 
methanol using CaO, Ca (OH)2 and CaCO3 as  solid 
base catalyst. They reported that after one hour of 
reaction time, yield of FAME was 93% for CaO, 12% 
for Ca(OH)2 and 0% for CaCO3. Calcium Oxide which 
supported by γ-alumina catalyst has also been used by 
Zabeti et al. for transesterification of palm oil (Zabeti 
at al., 2010). They did an optimation process with 
variables such as: oil-alcohol molar ratio, the amount 
of catalyst and reaction temperature, while the 
response variable is the yield of biodiesel. 
Experiments were performed in a batch reactor for 5 h 
of  reaction time. Optimal conditions obtained at the 
molar ratio of 1:12, the amount of catalyst 6% (wt% to 
oil) and reaction temperature 65oC (Zabeti at al., 
2009). Asri et al. (2010) also conducted a 
transesterification of palm oil  with commercial grade 
CaO in a batch reactor with methanol reflux condition, 
at 65oC and 7 h of  reaction time with 6% catalyst, the 
relatively low yield of biodiesel (64.95%. ) was  
obtained. To improve the result, Asri et al. (2011) 
have synthesized a double promoted catalyst which 
was supported by γ-alumina (CaO/KI/γ -alumina). At  
the same conditions with the previous work  (65oC and 
5 h of reaction time)  the yield of biodiesel was 
sharply  increased to almost 95%. But the drawbacks 
of this process are relatively long reaction time (5 h) 
and the high amount of catalyst require (6 wt% to 
palm oil ).  

Another method, the noble procees, is 
environmental friendly transesterification of vegetable 
oil without catalysts in supercritical methanol, as 

reported by Saka and Kusdiana (2001). This method is  
very  attractive process to overcome the problems of 
the use of homogeneous catalyst. Kusdiana and Saka 
(2001), reported that 80% conversion of rapeseed oil 
into biodiesel was achieved at 240 s and 300oC. 
While,  at 350oC within 4 minutes the conversion had 
increased sharply reaching 95%. Thermal stability of 
biodiesel from various vegetable oils has been studied 
in supercritical methanol between 270oC/17MPa and 
380oC/56 MPa (Imahara et al., 2008). Minami and 
Saka (2006) studied kinetics of hidrolyses and  methyl 
esterification for the manufacture of biodiesel in  two-
step supercritical methanol process.  

Supercritical methanol process has several 
advantages, including: eco-friendly, easy to sparate 
because it does not use catalyst. In addition, the 
diffusion problem can be overcome because at the 
supercritical state methanol has a hydrophobic nature 
with the lower of dielectric constant. As a result, the 
two phase’s nature of oil and methanol are turn into 
mutually soluble phases. Meanwhile, on supercritical 
methanol the presence of water is not effecting the 
conversion of oil into biodiesel. In contrary, its 
existence enhances the formation of methyl ester and 
esterification of free fatty acids simultaneously in one 
stage (Minami and Saka, 2006). However, the 
transesterification of palm oil in sub-and supercritical 
methanol without catalyst has not been yet observed. 
Similarly, very little information about the 
transesterification of soybean oil with methanol in 
sub-and supercritical state. 

This work, focuses on the catalyst-free 
transesterification of palm oil to biodiesel in batch 
reactor. Indonesia has produced palm oil very 
abundant used, that’s why we used palm oil to become 
the raw material for biodiesel (Herlina, 2011). 
Furthermore, the transesterification of soybean oil in 
sub-and super-critical methanol was compared to that 
of palm oil. The effect of different operational 
parameters (reaction temperature, reaction time and 
molar ratio oil to methanol) on the yield of biodiesel 
were observed. 
 
MATERIAL AND METHODS 
Material 

Palm oil and soybean oil for starting material 
was provided by Wako pure chemicals Co., Japan. 
Analytical grade of methanol and hexane and methyl 
esters standard (methyl palmitate, methyl stearic, 
methyl linoleic, methyl linolenic and methyl oleic) 
were supplied by Wako pure chemicals Co., Japan. 
 
Uncatalyzed Transesterification in Sub and 
Supercritical Methanol  

Uncatalyzed transesterification of palm oil and 
soybean oil in sub and supercritical methanol was 
carried out in a batch type reactor (8.8 ml, stainless 
steel SUS 304, AKICO Co., Japan). The reactor 
system used consists of an electric furnace (ISUZU 
Co, Ltd., model NMF-13AD), a stainless steel SUS 
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304 of reactor (8.8 ml of capacity, 300oC of maximum 
temperature, 30 MPa of pressure) and temperature 
controller. First of all, the temperature of the heating 
furnace was adjusted to the desire of temperature (210-
290oC). The reactor was firstly charged with the 
mixture of palm oil and methanol in a certain molar 
ratio. Then the reactor was inserted to the electric 
furnace. Prior, one series of experiment was done to 
masure the temperature and pressure inside the reactor 
during the reaction proced. The effect of different 
operational parameters (reaction temperature, reaction 
time and molar ratio) on the yield of biodiesel were 
observed. After reaching the set point of temperature, 
at which point the reaction was kept until the time of 
reaction was achieved. Afterwards, the reactor was 
removed from the electric furnace and immersed in 
water bath for cooling in order to stop the reaction. 
The treated liquid discharged from the reactor into a 
sampling bottle. Two ml of water were added into the 
solution mixture for diluting the excess of methanol. 
Subsequently, the solution mixture was centrifuged to 
separate it into two phases. The top phase was FAMEs 
(biodiesel) and a small amount of un-reacted oil. The 
bottom phase consisted of methanol, water and 
glycerol. Biodiesel was analyzed by gas 
chromatography-flame ionization detector (GC-FID) 
(Gas Chromatography GC-14B, Shimadzu, Japan) 
equipped with a HP-Innowax capillary column (30 m 
x 0.250 mm x 0.25 µm). The oven temperature was 
programmed as follow: initial temperature of 210oC 
was hold for 9 min, increased to 230°C at 20°C/min 
interval for 20 min, then increased to 250oC at 
20oC/min interval for 5 min. The injector and detector 
temperatures were controlled at 250 and 300°C, 
respectively. The injection volume was 1 µl. The 
carrier gas was helium and the makeup gas was 
hydrogen. The analyses of biodiesel can be used to 
determine the yield % of biodiesel and the conversion 
of palm oil, which was defined as follows: 

100x
oilofW

biodieselofW
(%)BiodieselofYield actual=  

Where, W of biodiesel actual and W of oil are 
actual weight of biodiesel from the experiment (mg) 
and weight of oil used in the experiment (mg), 
respectively. 
 
RESULTS AND DISCUSSION 

As mentioned in section 2, that the experiment 
were conducted in the batch type reaction vessel, 
therefore the temperature and pressure inside the 
reactor are different in different reaction condition 
(Kusdiana and Saka, 2001). Before experimenting 
with the variables studied, a series of experiments 
were conducted to measure the temperature and 
pressure during the reaction. In Our experiment  with 
soybean oil,  the relationship between the maximum 
reaction temperatur and pressure inside the reactor 
along with the reaction occured as shown in Figure 1. 
The critical point (Tc and Pc) of methanol is 239°C and 
8.09, respectively.  

Therefore, from Figure 1 can be ditermined the 
state of methanol. Supercritical methanol is in 
quadrant 1. 

 
 

Figure 1. The relationship between temperature (°C) 
and pressure (MPa) inside the reactor during the 

transesterification reaction of soybean oil in the batch 
type of  reactor. 

 
Effect of Molar Ratio Oil to Methanol on Yield of 
Biodiesel 

The molar ratio of oil to methanol is one of the 
most important variables that affecting the yield of 
FAMEs (biodiesel) obtained. Theoretically, the 
stoichiometry of transesterification reaction requires 
three moles of methanol to react with one mole of 
triglyceride produced three moles of FAMEs and one 
mole of glycerol. Since it is an equilibrium reaction an 
excess of methanol will increase the yield of biodiesel 
by shifting the equilibrium to the right side. Generally, 
in the conventional process used molar ratio of oil to 
methanol 1:6. However, transesterification in 
supercritical methanol that have been done by many 
earlier researchers, such as Imahara et al., Minami and 
Saka, Kusdiana and Saka, Saka and Kusdiana used 
molar ratio higher than that of homogeneous catalysts, 
with values that varies depending on the materials and 
process used (Imahara et al., 2008; Kusdiana and 
Saka, 2001; Saka and Kusdiana, 2001). 
Transesterification in supercritical methanol requires 
molar ratio oil-methanol greater than homogeneous 
catalysts, because oil and methanol are the two 
immiscible phases, so with the higher molar ratio 
increased the contact area between methanol and 
tryglyceride. 

This  work, therefore, the effect of molar ratio 
of soybean oil to methanol on the yield of biodiesel 
was studied in the range between 1:12 to 1:42. 
Reaction was carried out in the batch reactor with sub 
and super-critical methanol; meanwhile the reaction 
temperature and the reaction time were kept constant 
290oC and 30 min, respectively. Figure 2 shows the 
influence of molar ratio soybean oil to methanol on 
the yield of biodiesel. The increasing molar ratio of 
soybean oil to methanol resulted in higher yield of 
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biodiesel. By the increasing molar ratio from 1:12 to 
1:18 the yield of biodiesel gradually increased from 22 
to 26%. However, at 1:24 of molar ratio the yield 
biodiesel drastically increased to 73.66%. Beyond the 
molar ratio of 1:24 (1:30-1:42) the excessively added 
methanol had no significant effect on the yield of 
biodiesel.  

Those results indicate that the optimum molar 
ratio oil-methanol was 1:24. For molar ratio less than 
1:24 , the contact area between oil-methanol was low, 
result low yield of biodiesel, whereas at ratio higher 
than 1:24 it become difficult to separate glycerol from 
methanol. Meanwhile, Kusdiana and Saka in their 
studies of transesterification of rapeseed oil in 
supercritical methanol obtained 95% yield of 
biodiesel. It should be noted that those result achieved 
at 350oC and 30 MPa with molar ratio 1: 42 (Kusdiana 
and Saka, 2001).   

It can be concluded that the higher molar ratio 
of soybean oil to methanol the higher biodiesel yield 
was obtained until a certain molar ratio of soybean oil 
to methanol. Practically, too much excess of methanol 
is not favorable because too much energy is needed to 
recover it, which is finally increasing the total 
production cost of biodiesel. In this work, therefore, 
the optimum molar ratio of soybean oil to methanol 
was 1:24. 

 
 

Figure 2. Yield of biodiesel (%) as a function of molar 
ratio soybean oil-methanol at  290°C and 30 min of 

reaction time. 
 

Effect of Reaction Time and Reaction Temperature 
on Yield of Biodiesel 

The effect of reaction time on the yield of 
biodiesel and the conversion of oil was observed by 
varying the reaction time from 10 to 90 min at 10 min 
intervals. The reaction was carried out at five different 
reaction temperatures (210, 230, 250, 270 and 290oC), 
a molar ratio of oil to methanol 1:24. As expected, the 
yield of biodiesel increased with the increasing 
reaction time at all reaction temperatures. Figure 3 and 
Figure 4 show the effect of reaction time on yield of 
biodiesel at various temperature of reaction for 

soybean oil and palm oil, respectively. As shown in 
Figure 3 at 210 and 230oC, biodiesel yield (for 
soybean oil) rise gradually with increasing time. This 
is because at those temperatures methanol are on 
subcritical conditions (refer to Figure 1), so oil and 
methanol is not mixed in with perfect causing the 
reaction runs slowly, so that the resulting low yield. At 
250oC biodiesel yield higher than both of temperature 
(210 and 230°C), but biodiesel yield still gradually 
increase along with the increase in time. This is 
possible because 250oC is relatively too close to 
critical point, so it is still affected by the stability of 
supercritical methanol condition. However at 270oC 
the yield of biodiesel drastically increases from 19 to 
73% within 30 min and 60 min, respectively.  Beyond 
the 60 min  which occurred opposite, where yield of 
biodiesel rising gradually along the increasing time of 
reaction and the highest yield 77% was achieved 
within 90 min. At 290°C yield of biodiesel drasticaly 
increased  from  6 to 73% in the shorter time (from 15 
to 30 min) compared to 270°C, and the highest yield 
of 86% was achieved in 90 min. 
 

 
Figure 3. Yield of biodiesel (%) from soybean oil as a 

function of reaction time at various temperature of 
reaction at molar ratio soybean-oil to methanol 1:24 

 
On supercritical methanol the nature of a 

mixture of two phase’s oil and methanol easily 
converted into one phase because methanol is 
experiencing a reduction in dielectric constant. It can 
be explained that liquid methanol is a polar solvent 
and has hydrogen bonding. The degree of hydrogen 
bonding decrease with increasing temperature, the 
polarity of methanol would decrease in supercritical 
state. This means that supercritical methanol has a 
hydrophobic nature with the lower dielectric constant, 
resulted non polar triglyceride esasily disolved in 
supercritical methanol (Kusdiana and Saka, 2001; 
Diasakou et al., 1998)  

The influence of reaction time on the yield of 
biodiesel on various temperature reactions of Palm oil 
was shown on Figure 4. For palm oil, it was seen that 
the yield of biodiesel rose in line with the extension of 
time and temperature reaction. The gradient yield of 
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biodiesel at subcritical temperature (210 and 230oC) 
and at near a critical point (250oC) of palm oil are 
much lower than soybean oil. Even at a temperature of 
270oC, the biodiesel yield was still low but it gradually 
increases a long with the increase in reaction time. 
However, at 290oC the yield of biodiesel sharply 
increased from 0.4 to 88 at 10 min up to 90 min. 

 
Figure 4. Yield of biodiesel (%) from palm oil as 

function of reaction time at various temperatures and 
molar ratio palm oil to methanol 1:24  

 
Figure 5 shows, the comparison of the yield of 

biodiesel on various reaction times at 290oC between 
soybean oil and palm oil. For palm oil around 10 min 
to 70 min yield biodiesel gradually increase as the 
reaction time passed by, but the value on each time is 
much lower than soybean oil. Then, from 20 to 40 min 
the yiled increases almost linearly. A nother gradual 
increase of the yield is at 40-70 min.  

 

 
Figure 5. Yield of biodiesel (%) as function of reaction 

time (min) at 290oC and molar ratio oil-to methanol 
1:24 for soybean oil and palm oil.   

 
Meanwhile, beyond 70 min (70 up to 90 min) 

the yields of biodiesel drastically increase from 54 to 
88%. This is might be possible due to the physical 
properties of palm oil (viscosity, density and freezing 

point) higher than soybean oil. Therefore, it need 
much longer time than that of soybean oil for 
achieving the setting temperature. 
 
CONCLUSIONS 

An environmental friendly transesterification of 
vegetable oil (soybean oil and palm oil) without  
catalysts in sub and super-critical methanol was 
carried out in a batch type reactor system (AKICO 
Co., Japan). The effect of  molar ratio of soybean oil 
to methanol, reaction time  and reaction temperature 
were investigated. It was found that molar ratio 
soybean oil-methanol was greatly affected the yield of 
biodiesel. Reaction temperature and reaction time 
were significantly influenced the biodiesel yield for 
both of oil.  

The optimum molar ratio of soybean oil to 
methanol is 1:24. The maximum yield 86 and 88% 
were obtained at 90 min and 290oC for soybean oil 
and palm oil, respectively. At subcritical condition and 
near critical point the relative low yield were obtained 
for both of oil (soybean and palm oil). However, at 
supercritical methanol the yield of biodiesel 
drastically increased a long with the increasing the 
time of reaction. Therefore can be concluded, that 
transesterification vegetable oil with supercritical 
methanol  is one of the potential process to overcome 
the drawback of conventional  process. 
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