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Abstract: This study is analyzing the effect of using MgO/KCl/Na2O as heterogeneous catalysts on the resulting fatty acid methyl ester (FAME) 
composition and analyzing the effect of time variables on the resulting fatty acid methyl ester (FAME) composition. Impregnation and calcination 
methods are using in the process of producing catalysts in this study. The catalyst in this study characterized using X-ray diffraction (XRD) and scanning 
electron microscope –energy dispersive spectroscopy (SEM-EDS). This study uses a fixed bed reactor with a continuous process to produce biodiesel. 
This study analyzing four samples of biodiesel based on transesterification time:  45, 60, 75, and 90 minutes using Gas Chromatography-Mass 
Spectrometry (GCMS). The GCMS analysis proves that the biodiesel in this study is 100% fatty acid methyl ester. Consist of methyl palmitate, methyl 
linoleate, methyl oleate, and methyl stearate. The maximum reaction time to produce biodiesel is in the transesterification condition of 60 minutes. The 
use of heterogeneous catalysts MgO/KCl /Na2O was significantly successful in producing biodiesel containing 100% volume of fatty acid methyl ester 
(FAME). 
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1 INTRODUCTION                                                                    

ased on data from the Ministry of Energy and Mineral 
Resources of Indonesia, it is estimated that Indonesia's fossil 

fuel reserves will decrease and run out in 2025. Diesel fuel, for 

example, every year, diesel consumption increases by 5%. 
Meanwhile, domestic diesel production is only able to meet 
75% of domestic demand. This condition causes Indonesia in 
the middle of an energy crisis. To meet fuel oil demand, 
Indonesia needs to imported fuel oil from a foreign country 
worth the US $ 150,000,000 every day. This condition needs 
the right strategy to overcome the energy crisis in Indonesia. 
One of the strategies is the use of biodiesel as a fuel. 
Biodiesel, as part of bioenergy fuel, is an alkyl ester of 
vegetable oil or animal fat that has burning characteristics 
similar to petrodiesel. For 2020, it is projected to be able to 
absorb domestic biodiesel production by 9.6 million kilolitres. It 
is expected to be able to reduce diesel imports by 3 million 
kilolitres in Indonesia (Ministry of Energy and Mineral 
Resources of the Republic of Indonesia). Based on the 
estimates of experts, biodiesel can contribute 50% of world 
fuel needs, which is equivalent to 56 million barrels in 2040 
(CNBC market). The use of biodiesel is also expected to 
reduce the level of greenhouse gas emissions in Indonesia, 
which is predicted by the low-carbon scenario in 2040 to reach 
2.9 tons of CO2/capita. This strategy has been stated in the 
2014 Indonesian government regulation number 79 regarding 
national energy policy. Indonesia itself has a quality standard 
for biodiesel which has been noted in SNI No. 7182 issued in 
2015. 

 
 
 

 
 
 
 
 
 
 
 
 

Indonesian have various kinds of plants that have the potential 
to become producers of biodiesel, such as palm oil, jatropha, 
candlenut, soybean, maize, coconut, and neem seeds. Among 
those plants, palm oil is produced the higher quantitative oil. 
Palm oil also contains fatty acids with a carbon chain C14 to 
C20. Palm oil can be produced into fuels using the 
transesterification method with a catalyst. Transesterification is 
a reaction involving esters and materials from alcohol groups. 
This reaction produced fatty acid methyl ester and glycerol. 
Almost all biodiesel produced today uses the 
transesterification method with a heterogeneous catalyst 
because it is an economical process and only requires low 
temperature and pressure. Fatty acids are compounds with 
carboxylic acid groups with long aliphatic chains. By it is 
nature, fatty acids can be divided into two groups, unsaturated 
fatty acids, and saturated fatty acids. Catalyst can be in the 
form of solids, liquids, or gases. Base on the phase of the 
catalyst, catalyst grouped into two types, heterogeneous 
catalyst dan homogeneous catalyst. Homogeneous catalysts 
are catalysts in which phase is the same as the reactant 
phase. In the process of making biodiesel, homogeneous 
catalysts can be either acid or basic [5], liquid or solid. The 
most common form is the liquid phase, with the catalyst and 
reactants in solution, for example, MgO [10], H2SO4 [11], KOH 
[12]. This homogeneous catalyst is difficult to separate after 
producing biodiesel; it also produces much liquid waste 
because it requires much water in the separation process [6]. 
The main disadvantage of homogeneous catalyst it is used for 
only one type of fatty acid, while the raw material from palm oil 
has two kinds of fatty acids, unsaturated fatty acids, and 
saturated fatty acids. Today, the use of homogeneous 
catalysts has been replaced by the heterogeneous catalyst. A 
heterogeneous catalyst is a catalyst in which phases are 
different from the reactant phase. Heterogeneous catalysts are 
generally based on metals and oxides. There are four steps of 
making a heterogenous catalyst, absorption, dried, calcination, 
and activation. For example CaO/Al2O3/MgO [13], MgO/Li2O 
[14], K2O/CaO/ZnO [15]; [16]. Catalyst selection affects the 
amount of fatty acid methyl ester in the transesterification 
process.  In general, there are two types of reactors used in 
the transesterification process, horizontal reactor, and vertical 
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reactor. The method used in this study refers to several 
previous studies: methanolysis of soybean oil over KCl/CaO 
solid base catalyst for biodiesel production (Mar et al. 2012), 
biodiesel production from waste cooking oil using KCl/CaO as 
catalyst (Yu et al. 2014), development KCl/CaO as a catalyst 
for biodiesel production by tri-component coupling 
transesterification (Tang et al. 2018), and the use of Na2O/fly 
ash as a catalyst in the transesterification stage of off-grade 
palm oil into biodiesel (Tua et al. 2016). The comparison of 
raw materials and the method to produce the catalyst is the 
same as in previous studies. The difference is the type of 
material and the transesterification method. Previous research 
used a catalyst from the alkaline earth metal group CaO, while 
this study using a catalyst from the alkaline earth metal group 
MgO. In terms of the alkaline level of the catalyst, CaO is 
higher than MgO (Tanabe. et al. 1974). This study combines 
MgO with Na2O to increase the alkaline activity of the catalyst. 
Mixing with KCl aims to increase the pore diameter of the 
catalyst particles that makes the catalytic activity better. 
Although the method used to produce the catalyst is the same 
as the method in a previous study, the treatment during the 
transesterification process is very different. These differences 
include the amount of catalyst, type of reactor, 
transesterification temperature, methanol, and oil ratio. This 
study used a catalyst of 0.017% by weight, while the previous 
study used a catalyst as 3 and 15% by weight. The maximum 
reaction time to produce fatty acid methyl ester (FAME) in this 
study was reached at 60 minutes, while the previous study 
reached 180 minutes. This study used a fixed bed reactor 
while the previous study used two-neck and three-neck flasks. 
The methanol oil ratio used in this study was  6: 1, while the 
previous study used a ratio of 8: 1; 9: 1; and 15: 1. The 
operating conditions that have been used in the 
transesterification process have succeeded in achieving a fatty 
acid methyl ester (FAME) 100%, the highest yield when 
compared to several previous studies. 

 
2 THE MATERIAL AND METHOD  
 
2.1 Material 
This study uses a catalyst combined from three types of 
materials: technical grade MgCO3, analyst grade NaNO3 
Merck 1.06537, an analyst grade KCl Merck 1.04817.0250. 
The ratio used in making this catalyst is 1:15:11. While 
producing this catalyst, aquades are used as additives. This 
study used Refined, Bleached, and Deodorized Palm Oil 
(RBDPO) and methanol with 99% purity. The equipment used 
in this study were: a fixed bed reactor. Magnetic stirrer, oven, 
furnace, hot plate, analytical balance, beaker glass 1000 ml, 
porcelain plate, spatula, thermometer, GC-MS (Gas 
Chromatography Spectrometer Mass), XRD (X-Ray 
Diffraction) and Scanning Electron Microscopy / Energy 
Dispersive (SEM-EDS). 
 
2.2 Method 
This study used a catalyst that was combined from three types 
of materials. The comparison and catalyst synthesis process is 
base on the study of several journals. Journals that are used 
as a reference in the catalyst synthesis process include 
biodiesel production using KCl/CaO as a catalyst. This catalyst 
produces high yield biodiesel, which is 117,06%. The reaction 
is carried out for 60 minutes, with a ratio of methanol and oil 
11:1. This study illustrates the higher the reaction time, the 

lower the yield obtained. [18]. Biodiesel production using 
KCL/CaO by tri-component coupling transesterification, the 
yield of biodiesel produces from this study was 96,8% with 2 
hours reaction time. Adding time does not affect yield, using a 
continuous reactor [17], and MgO-Na2O catalyst template, the 
use of catalysts in this study produced the highest yield of 
96,2%, with calcination temperature at 873K  [14]. The 
synthesis process of this catalyst produced a catalyst in the 
form of a basic solid. This catalyst production using the 
Impregnation and calcination process. Consists of two kinds of 
wet impregnation methods. The basic principle of the 
impregnation method is to force metal catalysts into the 
support pores. Broadly impregnation means total fulfilment of 
certain substances by filling the pores of the buffer with an 
active metal solution containing active metal by stirring and 
heating. The buffer has a function as a broad surface provider 
to make it easier to spread the active cycle so that the contact 
surface is broader and more efficient. This process needs 
enough time to keep it stable [1]. After the impregnation 
procedure, calcine the catalyst at a higher temperature to 
improve catalyst activity and decompose it into smaller 
component [1] [7]. The use of solvents in wet impregnation is 
higher than dry impregnation. Wet impregnation method can 
produce many depositions of active phase precursors on the 
outside of the buffer after the drying process. This distribution 
is useful to reduce the penetration of reactants into the 
catalyst, to increase catalyst activity. The advantage of wet 
impregnation can control the amount of metal to be 
impregnated. Impregnation of the metal into the support is 
done by adding support compounds into the solution and 
stirring by heating below the boiling point. Of the solvent used 
to form a slurry with a time variation where the more extended 
the mixing time is expected, more and more metals will fill the 
pores of the support. The mixture is then dried to remove 
solvent molecules so that metal salts can settle to the pore 
surface of the support. The methods for making 
heterogeneous catalysts are very diverse, and each catalyst 
can be produced via a different route. Preparation usually 
involves several sequential steps. Heterogenous metal and 
oxide catalysts are generally synthesized by absorption, 
drying, calcination, and activation process. The properties of 
the catalyst are very influential on the active side that acts as a 
medium reaction between precursors. In selecting the catalyst 
synthesis method, it is crucial to consider the desired 
application for the catalyst. The calcination process aims to 
convert the metal complex into it is an oxide, increase 
mechanical stability, and eliminate the remaining water 
content. The entire process generally takes place informing 
the impregnated catalyst. Then activation it to improve catalyst 
performance. The impregnation process and calcination 
process must review the melting points and drawing points of 
the material used, so that the material is not lost during the 
process. First, using a wet impregnation method. 33,3 gr 
MgCO3 slowly mixed into the 250 ml KCl. This mixing process 
is carried out for 2 hours using a magnetic stirrer until the 
mixture is homogeneous at room temperature. Then it is 
heated at 80°C for 2 hours under continuous stirring using a 
magnetic stirrer on a hot plate. These mixtures finally calcined 
at 500°C temperature for 3 hours using a furnace. The result 
of this process is  MgO/KCl. Compared to calcination of CaO, 
calcination of MgO requires less energy, MgO using 500°C to 
750°C, while CaO must be calcined at a temperature of 800°C 
to 900°C. Second, using a wet impregnation method. 91 gr of 
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NaNO3 put into 1000 ml beaker glass and slowly mixed with 
1000 ml aquadest. This mixture continuously stirring with 
magnetic stirrer speed at 400 rpm, keep stirring until it reaches 
the temperature at 80°C. Then the previously obtained 
MgO/KCl is slowly added into the beaker glass. This condition 
was maintained for 4 hours with magnetic stirrer speed at 400 
rpm heated up to 80°C. After 4 hours, the process is stopped 
until the mixture is performed white mixture. The results of 
these mixing products are put into the oven to remove the 
water content at 110°C. This process is carried out for 24 
hours. The solid formed then calcined using a furnace at 
660°C for 4 hours. The results of this process are 
MgO/KCl/Na2O catalyst. The catalyst formed is then cooled by 
tightly closing it at room temperature. This procedure aims to 
avoid contact between the catalyst and air. After the catalyst 
synthesis process has been completed, the next step taken is 
the catalyst analysis process. This process aims to ensure that 
the catalyst produced is MgO/KCl/Na2O as expected. The 
catalyst obtained was then characterized using X-ray 
diffraction (XRD) and Scanning Electron Microscopy (SEM) 
with  Energy Dispersive X-Ray Spectroscopy (EDS). XRD 
principle works using the wavelengths produces from the 
material studied. After the catalyst production process, the 
next is the biodiesel transesterification process. The ratio 
between Refined, Bleached, and Deodorized Palm Oil 
(RBDPO) and methanol used in this study was 6: 1. In 
economic terms, Refined, Bleached, and Deodorized Palm Oil 
(RBDPO) is more economical than ready-to-use cooking oil. 
100 mL of fatty acid methyl ester samples were taken at 45, 
60, 75, and 90 minutes. The transesterification sample is then 
purified to obtain maximum results. The transesterification 
process produces a mixture of fatty acid methyl ester, glycerol, 
and methanol. First, let the mixture stand for two hours. Then 
separate it with a distillation process.  The distillation process 
aims to separate methanol and glycerol from fatty acid methyl 
ester with the principle of different boiling points. Methanol will 
be separated first because methanol's boiling point is lower 
than glycerol and fatty acid methyl ester. Then the glycerol and 
fatty acid methyl ester are separated with the use of filter 
paper and a vacuum pump. Fatty acid methyl ester and 
glycerol were placed on filter paper; then fatty acid methyl 
ester was withdrawn vacuum with a pump. Fatty acid methyl 
ester will be in the filter flask while the glycerol will stick to the 
filter paper. Furthermore, the fatty acid methyl ester will be 
examined in the Gas Chromatography-Mass Spectrometry 
(GCMS) equipment to ensure the product. 

 
3 RESULT AND DISCUSION 
The first synthesis of catalyst produces MgO/KCl after going 
through impregnation and calcination processes, as shown in 
Figure 1. The second catalyst synthesis produces MgO/KCl 
/Na2O, as shown in Figure 2. 

 
 
 
 
 
 

 
 
 

 
Fig. 1 MgO/KCl catalyst 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 MgO/KCl/Na2O catalyst 
 

 
3.1 XRD Analysis 
After the catalyst synthesis process is complete, the catalyst is 
then analyzed using X-Ray Diffraction (XRD) and Scanning 
Electron Microscopy / Energy Dispersive (SEM-EDS). 
 

Fig. 3 XRD analysis of MgO/KCl/Na2O catalyst 
 
Based on the results of quantitative analysis from the XRD 
equipment, the catalyst in this study consists of three 
component: MgO (51%), Na2O (27%), KCl (22%). Each 
component has a different peak location, as shown in figure 3. 
XRD equipment detected MgO at three locations peak at 19.2° 
(111), 23.88° (200), and 27.44° (220). KCl was detected at 11 
peak locations at 29,545° (111), 31,968° (200), 35,557° (220), 
39,094° (311), 42.92° (222), 45,616°(400) , 46,756° (331), 
47,994° (420), 48,360° (422), 52,845° (333), and 55.77° (511). 
Na2O detected at three peak location. Table 1 shows the 
catalyst peak from XRD equipment. The peak parameters 
were used to calculate the crystal sizes and lattice strains of 
the catalyst using the Williamson method. This time X-Ray 
Diffraction (XRD) equipment is able to calculate the crystal 
size and lattice strain of catalysts accurately. Lattice strains 
are base on temperature. The crystal size differs from the 
particle size; a particle can consist of several different crystals. 
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TABLE 1 

MgO/KCl/Na2O CATALYST PEAK LIST 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

TABLE 2 
CRYSTALITE SIZE AND LATTICE STRAIN OF 

MgO/KCl/Na2O 
 

 
 

Crystal size and lattice strain of catalyst shown in table 2. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

 
 
 
3.2 SEM-EDS AnalysisThis study used the 3rd Generation 
VEGA Scanning Electron Microscopy / Energy Dispersive 
X-Ray Spectroscopy (SEM-EDS) equipment. The 3rd 
Generation (SEM-EDS) equipment is a multipurpose 
thermionic emission Scanning Electron Microscopy / 
Energy Dispersive X-Ray Spectroscopy (SEM-EDS) 
system intended for high and low vacuum operation.  

 
 
 
 
 
 
 

 
 
 

 
 

Fig. 4 MgO/KCl catalyst using SEM-EDS 
 

Figure 5 is the result of using the 3rd generation VEGA SEM 
equipment. Figure 5 shows that MgO/KCl catalyst has  formed 
after impregnation and calcination processes. The addition of 
KCl in this study aims to increase the diameter of the catalyst 
particles. The mean diameter of the interconnected catalyst 
particles reduces the diffusion limitation of the reactant 
molecules. As a result, the reaction which diffuses more easily 
into the inferior catalyst has better catalytic activity. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 

Fig. 5 Images of MgO/KCl/Na2O catalyst using SEM-EDS 
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Figure as the result of the study by S.L.Martinez which 
optimizes biodiesel production using Na2O/NaX and methanol 
from sunflower oil by transesterification [8]. It can be seen in 
Figure 6 and figure 7 that the particle size of the MgO/KCl 
catalyst is large than the particle size of the MgO/KCl/Na2O 
catalyst. Prove by calculating the average particle size using 
the ImageJ digital image analysis program. ImageJ program is 
a program that can be used on Windows 64 bit Java. ImageJ 
can convert qualitative data in the form of images into 
quantitative data in the form of numbers and graphics based 
on the scale of the image. To get average particle size 
analysis using the ImageJ program, first setting the scale of 
the image to 10 ɥm. Then adjust the background and adjust 
the threshold before adjusting the binary. Then analyzed it with 
ImageJ summary menu.  Based on the data analysis of the 
ImageJ program, the average diameter of MgO /KCl catalyst 
particles was 0.261 ɥm, and the average diameter of 
MgO/KCl/Na2O catalyst particles was 0.065 ɥm. The results 
using the ImageJ program can be seen in Figure 6 and figure 
7. 
 
3.3 GCMS Analysis 
Gas Chromatography-Mass Spectrometry (GCMS) is an 
equipment used to identify whether the transesterification 
result is biodiesel or not and check the composition of the 
biodiesel produced. This study analyzed four samples based 
on transesterification time.  45, 60, 75, and 90 minutes. The 
results of biodiesel analysis using Gas Chromatography-Mass 
Spectrometry (GCMS) prove that the product produced by the 
transesterification process in this study is 100% fatty acid 
methyl ester. The composition consists of 4 types of methyl 
esters: methyl palmitate, methyl linoleate, methyl oleate, and 
methyl stearate. The quality of the biodiesel produced meets 
the quality requirements issued by the Indonesian government 
in Biodiesel Standard Nasional Indonesia (SNI) number 7128. 
This composition is similar to the triglyceride composition of 
Refined, Bleached, and Deodorized Palm Oil (RBDPO) as raw 
material, consists of palmitic acid, linoleic acid, oleic acid, and 
stearic acid. GCMS analysis in this study did not find any free 
fatty acid content, indicating that the transesterification 
process using the MgO/KCl/Na2O. Catalyst occurred 
optimally. The transesterification process in this study used a 
catalyst as much as 0.017% by weight. The maximum reaction 
time to produce fatty acid methyl ester in this study was 
reached in 90 minutes; the reactor used in this study was the 
fixed bed reactor. The ratio of methanol used is 6: 1. The 
parameters and results of each sample can be seen in Table 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 3 
Parameters and results of each sample 

 

 
 

3.4 Biodiesel Density 
Density is a measure of the ratio between mass and volume 
that shows whether the biodiesel produced is accepted by 
market demand. Indonesia uses the Indonesian National 
Standard (SNI) in determining the quality requirements for 
biodiesel. Based on SNI, a good biodiesel density is in the 
number 850-890 kg/m3. This study uses a pycnometer to 
measure biodiesel density. The density in this study was 897 
kg/m3; this is due to incomplete washing process of fatty acid 
methyl ester. 

 
4 CONCLUSION 
The use of heterogeneous catalysts MgO / KCl / Na2O was 
significantly successful in producing biodiesel containing 100% 
volume of fatty acid methyl ester (FAME). Time variables of 
45.60, 75, and 90 minutes were successful in producing 100% 
volume content of fatty acid methyl ester (FAME), which was 
dominated by palmitic acid and oleic acid. 90 minutes is the 
maximum reaction time to generate FAME in this study. 
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