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Abstract-The production of biodiesel by transesterification 
in existing processes requires excess alcohol, typically 100%, 
over its stoichiometric requirement in order to drive the 
chemical reaction to complete. This excess alcohol must be 
recovered and purified for reusing by rectification and 
distillation, which involves additional capital and operating 
costs. Therefore, combination of reactor and distillation 
column in only one unit called reactive distillation column 
(RD) may lead to an enormous capital-investment cost 
reduction.  This research is proposed the feasibility study of 
biodiesel production from palm oil by transesterification using 
reactive distillation. The hypothesis is to reduce the amount of 
alcohol in the feed stream closing to its stoichiometric ratio 
with oil. This dues to the less energy used in the methanol 
recovery for the processes. The effects of process parameters 
were conducted by lab scale RD packed column. The results 
indicated that process parameters of 900 ml/hr flow rate, 
reboiler temperature 90°C with 4.0:1 molar ratio of methanol 
to oil and residence time of 5 minutes in the column produced 
92.75 percent biodiesel purity. 

Index Terms-Biodiesel, Palm oil, Reactive Distillation, 
Transesterification 

I. INTRODUCTION 

The concept of biodiesel as an alternative diesel fuel has 
been gaining great importance worldwide for its good 
quality exhaust, sustainability, biodegradability and can be 
used in conventional diesel engines without significant 
modifications [1] – [3]. Biodiesel, referred to monoalkyl 
esters, is derived from vegetable oils or animal fats, and low 
molecular weight alcohols in the presence of catalysts as 
shown in fig.1. Biodiesel can be produced from any 
material that contains fatty acids such as vegetable fats and 
oils, animal fats, waste greases or edible oil processing 
wastes. The choice of feedstock is based on local 
availability, cost, government support or performance as a 
fuel. 

Using direct vegetable oil or blending with fuel oil is not 
satisfied for the diesel engine because of the high viscosity, 
acid composition, free fatty acid content, gum formation 
and carbon decomposition that may cause some problems 
such as oxidation and polymerization during storage and 
combustion [4]. To solve the problem, there are many 
techniques for converting the vegetable oil to biodiesel such 
as transesterification, pyrolysis, enzyme lipase, super 
critical fluid extraction. A summary of the advantages and 
disadvantages of each technological possibility to produce 
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biodiesel could be found in Table 1 [5]. 
The current conventional processes, however, have 

several disadvantages: shifting the equilibrium to fatty 
esters by using an excess of alcohol that must be separated 
and recycled, making use of homogeneous catalysts that 
requires neutralization (causing salt waste streams), 
expensive separation of products from the reaction mixture, 
and high costs due to complex processes involving one to 
two reactors and several separation units. From these 
reasons, using biodiesel has not expanded into developing 
countries, due to the prices close to or higher than the cost 
of diesel. The higher cost of biodiesel is due to its 
production mostly from expensive high-quality virgin oil [6] 
and consists of many units. Therefore, to solve these 
problems, the bringing of reactive distillation (RD) apply in 
the production process lead to enormous reduction of 
capital and investment cost.    

Reactive distillation (RD) is an innovating process which 
combines both distillation and chemical reaction into a 
single unit [7], which saves energy (for heating) and 
materials. Therefore, the RD technology offers many 
benefits as well as restrictions over the conventional process 
of reaction followed by distillation or other separation 
approaches. Reducing capital cost [8], higher conversion, 
improving selectivity [9], lower energy consumption, the 
reduction or elimination of solvents in the process [10] and 
voidance of azeotropes [11] are a few of the potential 
advantages offered by RD. This technique is especially 
useful for equilibrium-limited reactions such as 
esterification and transesterification reactions. Conversion 
can be increased far beyond what is expected by the 
equilibrium due to the continuous removal of reaction 
products from the reactive zone. This helps to reduce capital 
and investment costs and may be important for sustainable 
development due to a lower consumption of resources.  

The goal of this study is to test a lab scale continuous 
flow reactive distillation and its applicability for biodiesel 
production. The hypotheses were (1) applicable for 
biodiesel production, (2) reducing the amount of alcohol, (3) 
shorten the reaction time. 

 
  
 
 
 
 
 

Figure 1: the reaction of a fat or oil with an alcohol to form esters and 
glycerol 
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TABLE 1. COMPARISON OF THE DIFFERENT TECHNOLOGIES TO PRODUCE BIODIESEL 

Variable Alkali catalysis Lipase catalysis Supercritical 
alcohol Acid catalysis 

Reaction temperature (°C) 60–70 30–40 239–385 55–80 

Free fatty acid in raw materials Saponified products Methyl esters Esters Esters 

Water in raw materials 
Interference with 

reaction No influence  Interference with reaction 

Yield of methyl esters Normal Higher Good Normal 

Recovery of glycerol Difficult Easy  Difficult 

Purification of methyl esters Repeated washing None  Repeated washing 

Production cost of catalyst Cheap Relatively expensive Medium Cheap 

 

II. MATERIALS AND METHODS 

Chemicals and Reagent 
Palm oil and methanol were used as the reactants with 

potassium hydroxide catalyst in this work. The palm oil 
contained free fatty acid about 0.3 – 0.6% and less than 1% 
moisture content. Commercial grade methanol was used as 
the alcohol source in all experiments. A litre of methanol 
was premixed with 100 g potassium hydroxide to form 
potassium methoxide before being pumped into the RD.  

 
Equipment 

A continuous flow RD reactor system as shows in fig. 2 
was developed and tested on overall process parameters. 
The RD is packed column with maintain top column 
temperature at 64°C.  

 
 
 
 
 
 
 
 
 
 

 
Figure 2: Biodiesel production process with reactive distillation. 

 
Experimental 
 

Startup Procedures: 
To start of each experiment, approximate 2 L of oil and 

250 mL of methanol were injected into the column. The 
reboiler heater was set to 120°C and allowed to heat for 
approximately 1.5 hours till the temperature of the top 
column reached 64°C. The actual flow rate, ratio of 
methanol to oil and temperature profile along the column 
each experiment were show in table 2.     

 
Steady-operation: 

The inputs, both oil at 85°C and methanol at 30°C, were 
pumped into a short tube mixer to mix the oil with the 
methanol/catalyst solution. Then the reactant mixture at 

65°C was entered to the top of the RD column. In the RD 
column, triglyceride in the reactant mixture further reacted 
with the present methanol. The product mixture was 
withdrawn from the reboiler section and sent to a glycerol-
ester separator, where the glycerol and esters were separated 
by gravity in a continuous mode.  

Every hour, samples were collected from reboiler to 
analyst the biodiesel composition and methanol content. 

Product analysis 

 - Gas Chromatography 
The content of FAME in product was analyzed by a GC-

7890 gas chromatography (Agilent 7890A). Its column is a 
SelectTM Biodiesel for fatty acid methyl ester (FAME) 
capillary column (length 30 m x 320 μm I.D. x 0.25 μm 
film thickness, Varian Part No. CP-9080). Initial column 
temperature was 210°C and kept it for 12 min, then was 
raised to 250 °C at the rate of 20°C/min and maintained this 
temperature for 8 min. The temperature of the injector and 
the flame ionization detector (FID) was 290 and 300 °C, 
respectively. The content of ester FAME was quantitatively 
determined using the concentration of methyl 
heptadecanoate (C17:0, internal standard). 

 
Calculations: 

The ester content ( C ) expressed as a fraction in percent, 
is calculated using the following formula: 

 

%100
)(

x
m

VxCx
A

AA
C EIEI

EI

EI−
= ∑  

 

∑ A  =   the total peak area from the FAME C14:0 to C24:1 

EIA  =   the peak area of methyl heptadecanoate 

EIC  =   the concentration, in mg/mL, of the methyl    
     heptadecanoate solution  

EIV  =   the volume, in mL, of the methyl  
                    heptadecanoate solution  
m  =   the mass, in mgr, of the sample 
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TABLE 2. PROCESS PARAMETERS USED IN THE PRELIMINARY EXPERIMENTS 

 
Sample Preparation: 

Accurately weigh approximately 250 mg of sample in a 
10 mL vial, then add 5 mL of methyl heptadecanoate 
solution (10 mg/mL) using a pipette. 
 
Calculations: 

The ester content ( C ) expressed as a fraction in percent, 
is calculated using the following formula: 

 

%100
)(

x
m

VxCx
A

AA
C EIEI

EI

EI−
= ∑  

 

∑A  =   the total peak area from the FAME C14:0 to C24:1 

EIA  =   the peak area of methyl heptadecanoate 

EIC  =   the concentration, in mg/mL, of the methyl    
     heptadecanoate solution  

EIV  =   the volume, in mL, of the methyl  
                    heptadecanoate solution  
m  =   the mass, in mgr, of the sample 
 

- Thin Layer Chromatography 
The compositions of the reaction mixture samples were 

determined by a thin layer chromatography equipped with 
flame ionization detector (TLC–FID) using an Itronscan 
MK-6s with Chromarods type S-III quartz rod (Mitshubishi 
Kagaku Iatron). One microliter of the reaction medium, 
diluted in hexane at appropriate dilution, was spotted onto 
chromarods.  

- Firstly, chromarods were immersed in a solvent 
mixture of hexane:diethyl ether:formic acid (50:20:0.3 v/v) 
until the solvent reaching to 8 cm (approximately 15 min).  

- Secondly, the chromarods were immersed in a solvent 
mixture of benzene:hexane (50:50 v/v) for about 35 min (or 
until the solvent reach to 10 cm).  

- The spotted samples were developed in these two 
solvent mixtures. The chromarods were then dried at 105 °C 
for 5 min and scanned with TLC–FID.  

- Scanning was performed using a 160 ml/min of 
hydrogen flow rate and 20 l/min of air flow rate to produce 
a chromatogram.  

- The compositions were calculated as wt% based on the 
peak areas of each component. 
 

- Methanol content 
Unreacted methanol in product, both ester and glycerol, 

was determined by weighing before and after evaporation in 

vacuum distillation at 50°C.   
 

III. RESULT AND DISCUSSION 

The palm oil component studied by thin layer 
chromatography (TLC) is shown in fig. 3. It was found that 
the palm oil consist of 0.58% of free fatty acid (fig. 4),     
can use directly to transesterification reaction. 

 
 
 
 
 
 
 
 
 

Figure 3: The analysis result of palm oil component by TLC  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 4: The palm oil composition. 
 

The fatty acid methyl ester profile of the palm oil was 
analyzed using the GC method (EN-14103) and is shown in 
fig. 5 and fig. 6. 

 
 
 
 
 
 
 
 
 

 
Figure 7: Effect of flow rate on methyl esters content in product at varying 

time. 
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Figure 5: Chromatogram of standard fatty acid methyl ester (C8 – C24). 
 
 

 
 

Figure 6: Chromatogram of fatty acid methyl ester from palm oil. 
 

 
The physical appearance of tranesterified products 

Transesterified products are separated into 2 phases. They 
are methyl ester in top phase and glycerol in bottom phase. 
The unreacted methanol dissolves in both phases. The 
appearance of transesterified product is shown that, at low 
temperature, the product was easy separated by gravity but 
can not separate at high temperature. At the high 
temperature, the rate of soap formation increases more 
rapidly than transesterification. The soap is occurred by 
saponification reaction between oil or biodiesel with catalyst, 
which consumes the catalyst and causes decreasing of 
reaction conversion. Then, glycerol could dissolve in methyl 
ester phase. 

Effect of flow rate 
The feed stream flow rates for the test run were chosen 

carefully in order to avoid any column flooding problem. 
The flow rate, which is inversely related to retention time, is 
used as an experimental factor to interpret the reaction 
conversion with the liquid retention time. The total column 
volume of approximately 75 mL. The flow rate achieved in 
the experimental varied from 15 to 60 mL/min. The 
retention time varied from about 5 to 1.25 min. These values 
may not be the actual reaction time because of some 
reaction that takes place in the reboiler. Since the 
concentrations of methanol and catalyst were very small in 
the liquid phase of the reboiler, it was not possible to 
determine the actual retention time of reactants and catalyst 
in the reboiler. The effect of flow rate was mainly on the 
produce of methyl ester of the reactor. Fig. 7 shows that 
the %weight of methyl ester decrease while the flow rate 
increase since the retention time is less. For the RD 

operation of setup in this study, the feed flow rate should not 
be higher 15 mL/min in order to avoid flooding in column 
and this rate were considered as optimum range of operation.  

Steady state of biodiesel production by RD 
After the start of each experimental, the liquid product 

was checked for % methyl esters by gas chromatography to 
ensure that the system reached steady state, which was 
indicated by a constant value, after more than 8 hrs (fig.8). 
The system is unsteady state at higher temperature. 
Furthermore, the quantity of methyl ester is decreasing 
because the rates of soap formation rapidly increase at high 
temperature. It can block effective of system to produce 
methyl ester. 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 8: The effect of the reboiler temperature on methyl esters content in 
product. 
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Effect of reboiler temperature 
The function of reboiler is to vapourize the residual 

methanol presenting in the liquid reaching the bottom of the 
column. At steady state, the boiling-up rate of methanol is 
determined by the heat load in the reboiler, heat transfer 
efficiency and the amount of methanol in the reboiler. 
Methanol boils at 64.70C, however, according to the 
experiments, sufficient methanol vapors were generated 
only with reboiler temperature higher than 900C. Depending 
upon the methanol concentrations, therefore, reboiler 
temperature in the experimental design varied from 800C to 
1200C in order to produce smooth and consistent methanol 
vapor flow rates. It was found that the lower reboiler 
temperatures are favorable for better reactor performance 
(fig. 9). A possible reason is that with higher operating 
temperatures, the rates of soap formation increase more 
rapidly than that of transesterification. 

The alkaline catalyst, potassium hydroxide concentration 
in the 1% (weight of KOH/weight of oil) is used in the 
present experimental. The effect of reboiler temperature on 
soap content in product is shown in fig. 10. Some catalyst in 
the high temperature process promotes the saponification 
reaction, thereby producing salts of fatty acids (soaps) and 
consuming the base, and thus inhibits the transesterification 
reaction. The quantity of soap accumulates when the 
reaction is carry on. In that manner, transesterification does 
not take place for superior amount of temperature elevation. 

 

Effect of methanol to oil ratio 
Fig. 11 shows the effect of time on methyl esters content 

in the product at varying methanol to oil ratio.  The methyl 
ester content increases with molar ratio justifies the need for 
excess alcohol to drive the reaction to a higher yield. The 
methyl ester content in the product increases from 84.09% 
to 92.37% as the methanol to oil molar ratio increases from 
3.0:1 to 5.0:1, which do not significantly increase the 
amount of methyl ester. And after that the methyl ester drop 
off due to flooding phenomena in the column. This result is 
brought about by excessive vapour flow, causing liquid to 
be entrained in the vapour up the column. The result of RD 
process shows that reaction of alcohol and palm oil in a ratio 
close to stoichiometric while excess alcohol is created by 
unreacted alcohol is vaporized from the reboiler.  

Quantity of methanol in product 
Normally, the conventional process is required 100 

percent excess methanol to drive the reaction close to 
completion and to prevent the chemical equilibrium. The 
excess methanol remains from the reaction about 3.99 %wt. 
Then the remainders of methanol have to recovery for reuse 
and reduce the operating cost. However, the reactive 
distillation has an amount of remained methanol lower than 
the conventional process (fig. 12). The result shows that the 
higher temperature has lower methanol content because of 
easier evaporation.           

 
   

 

 

 

 
 

 
 
 
 
 
 

Figure 9: The effect of the reboiler temperature on methyl esters content in 
product. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: The quantity of soap in product at varying process time. 

 
 
 
 

 
 

 
 

Figure 11: Effect of time on methyl esters content in product at varying 
methanol to oil ratio. 

 
 
 
   
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: The effect of reboiler temperature on methanol content in 
product. 
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         (a)                       (b) 
 

 
 
 

Figure 13: The quantity of methanol loss from system: (a) Temperature, (b) methanol to oil ratio 
 
Methanol balance of biodiesel production 

The transesterification is reversible reaction in which 
excess alcohol is required to drive the reaction close to 
completion. The excess alcohol must recover through 
distillation for reusing in conventional process. However, 
chemical reaction and methanol separation occur 
simultaneously in RD process. Unreacted alcohol is 
vaporized from the reboiler flow uphill to the top of column. 
The methanol in vapor phase can be losing from system. Fig. 
13 shows that further increasing of temperature and 
methanol to oil ratio has significantly increased the percent 
of methanol loss.       

The material balance shows the entire methanol 
associated in biodiesel production process. The result shows 
that there is much more mass input than output. In the 
process, oil and methanol are feed 13.65 and 2.08 g, 
respectively. However, the methanol is needed in the 
reaction of transesterification only 1.56 g so that it has to 
remain 0.52 g. On the other hand, the true output has only 
0.44 g and some of it loss from the system.  

 

IV. CONCLUSION 

The reactive distillation process is applied for production 
of biodiesel from palm oil. The original objective to reduce 
capital and investment cost of production process. The 
reduction of capital cost by carrying out the chemical 
reaction and distillation in the same equipment. Investment 
cost reduces by use methanol less than conventional and 
without energy for recovery and purify the excess methanol.     

According to the results shows that RD process has been 
found to be feasible for the continuous production of 
biodiesel and can be concluded that the operating of RD 
process is better efficiency more than conventional process. 
Although, the product has %purity of methyl ester less than 
standard, they are incline to be development and modify 
process to reach the standard.  Based on of this study, the 
following conclusions are made; (1) the excess alcohol at 
the input was reduced. (2) Reaction time has been shortened. 
(3) Elevated temperature enhance high reaction rate. 
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