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Abstract— Waste from used cooking oil can cause harm to various 

aspects of our lives. Efforts to reduce used cooking oil waste are by 

producing biodiesel. Biodiesel production is carried out using the 

transesterification method of oil and methanol with the help of a 

heterogeneous catalyst. One alternative material that can be 

developed as a heterogeneous catalyst is low-rank coal. This 

research aims to determine the quality of biodiesel produced from 

used cooking oil by varying the transesterification time using a low-

rank coal catalyst with the help of ultrasonic waves. Used cooking oil 

and methanol (1:2) were transesterified at a temperature of 60°C 

with varying times of 25 minutes, 30 minutes, 35 minutes, and 40 

minutes using 2 grams of low-rank coal catalyst with the help of 

ultrasonic waves with a frequency of 47 kHz. This research produced 

biodiesel with the highest yield of 77.78% at a transesterification 

time variation of 35 minutes with characteristics of a density of 40°C 

of 859.5 kg/m3, a kinematic viscosity of 40°C of 4.01 cSt, a water 

content of 0.026% and a number acid 0.44 mgKOH/g. In general, the 

biodiesel produced meets SNI 7182:2015. 

 

Keywords— Biodiesel, low- rank coal, transesterification, ultrasonic, 

used cooking oil. 

I. INTRODUCTION  

Indonesia plays a strategic role in the global food system 

through plantations and agriculture. According to the Central 

Statistics Agency (BPS), in 2022, the area of rice fields will 

reach 7.46 hectares involving around 27.68 million farmers. 

This makes Indonesia the main producer of several world 

strategic agricultural commodities such as palm oil. Indonesia 

became the world's largest producer of palm oil in 2019, and 

one of its products is cooking oil. Long-term and repeated use 

of cooking oil can cause various fatal diseases [1]. Therefore, 

efforts are needed to process used cooking oil waste into 

something useful, one of which is converting used cooking oil 

waste into biodiesel. 

Biodiesel is produced from a transesterification process 

using vegetable oil or animal fat as raw materials which is 

reacted with alcohol compounds such as methanol and a 

catalyst is added to increase the conversion. The added 

catalyst can be a heterogeneous catalyst (solid) or a 

homogeneous catalyst. Heterogeneous (solid) catalysts have 

advantages compared to homogeneous catalysts, namely that 

they do not mix with the product so the purification process is 

easier. One example of a heterogeneous catalyst is low-rank 

coal (lignite). 

Low-rank coal is a quality of coal that is often found in 

Indonesia. One example of low-rank coal is lignite (brown 

coal) which has high water content, low calories, and high 

burning properties. With the large number of coal mining 

industries in Indonesia and looking at the existing brown coal 

reserves. Based on data from the Geotechnology Research 

Center-LIPI in 2015 it reached 86.11% of the total coal 

reserves in Indonesia. 

In general, the efficiency and productivity of the biodiesel 

production process can be improved by reducing the reaction 

time or lowering the reaction temperature through several new 

technological innovations. One way is with the help of 

ultrasonic waves. The use of ultrasonic waves is one way that 

can be done to speed up reaction time and increase yield [9] 

Thus, this research is focused on determining the quality of 

biodiesel from used cooking oil, with a low-grade coal catalyst 

using ultrasonic waves. By using this catalyst, it is hoped that 

it will be able to increase the conversion of used cooking oil 

into biodiesel which is useful as a cheap and affordable 

alternative fuel. 

II. RESEARCH METHODS 

Research Tools and Materials 

The tools used in this research were a 200 mesh sieve, 

crusher, stirring rod, bulb, burette, porcelain cup, funnel, 

separating funnel, Erlenmeyer, FTIR, chemical beaker, 

measuring cup, hot plate, watch glass, magnetic stirrer, digital 

balance, Oven, pycnometer, dropper pipette. measuring 

pipettes, submersible pumps, hoses, states & clamps, 

thermometers, and Ostwald viscosity. Meanwhile, the 

materials used in this research are aluminum foil, distilled 

water, low-rank coal, ethanol p.a., PP indicator, H2SO4 

solution, oxalic acid solids, NaOH solids, technical methanol, 

and used cooking oil. 

Research path 

The research was carried out in the basic laboratory of the 

Chemical Engineering Department of Samarinda State 

Polytechnic and the testing was carried out at the Undip 

Integrated Laboratory Technical Implementation Unit (UPT) 

to test the characteristics of lignite coal catalysts. The coal 

catalyst is first activated and then its characteristics are tested. 

The used cooking oil and biodiesel are analyzed at the 

integrated laboratory of the East Kalimantan Institute of 
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Fig. 1. Flow diagram for making catalysts from low-rank coal 

 

Start 

Transesterification 

T = 60℃ 
t = 25, 30, 35, and 40 minutes 

Oil : methanol volume ratio = 1:3 

Amount of catalyst = 30% 

Separation of transesterification products (t= 12 hours) 

Washing biodiesel with warm distilled water (T=70-80℃) to 

remove methanol, glycerol and catalyst remaining in the 

biodiesel 

Heating to reduce water content (T= 105-110℃; t= ±3 hours) 

Esterification 

T  = 60℃ 

t  = 1 hour 

m Oil = 100 g 

Metanol = 52 g 

M sulfat acid = 1 g 

Separation  (t= 1 hour) 

Catalyst filtering of transesterification results 

Finished 

Free fatty acid test treatment in used cooking oil 

FFA 

>1% 

Yes 

No 

Carry out biodiesel quality analysis (density 

analysis 40℃, kinematic viscosity 40℃, acid 

number, water content and biodiesel yield) 

 
Fig. 2. Biodiesel Manufacturing Flow Diagram 

Work procedures 

 Production of low-rank coal as a catalyst 

1. Prepare low-rank coal. 

2. Analyze coal samples with the parameters of water content, 

ash content, volatile matter, fixed carbon, total sulfur, and 

heating value. 

3. Grind the coal using a blender, then sift the coal to 200 

mesh. 

 Production of Biodiesel 

1. Collect used cooking oil. 

2. Analyze used cooking oil, including water content, density, 

kinematic viscosity, FFA content, and acid number. 

3. If the FFA (Free Fatty Acid) level exceeds 1%, an 

esterification reaction must be carried out [5] 

 4. Separate the esterification results in a separating funnel for 

1 hour, then take the bottom layer to be used in the 

transesterification reaction [11] 

5. Carry out a transesterification reaction by reacting the 

esterified oil with a catalyst-methanol mixture at a temperature 

of 60-70°C for 25 minutes, 30 minutes, 35 minutes, and 40 

minutes where 2 grams of catalyst are added with the help of 

ultrasonic waves to speed up the rate. transesterification 

reaction. The ratio used for oil: ethanol is 1:2 v/v [12] 

6. Filter the catalyst along with separating the 

transesterification results in a separating funnel for 12 hours 

[12]  

7. Take the top layer then heat it on a hot plate, at a 

temperature of 60-70°C for ± 1 hour to remove the remaining 

methanol. 

8. Wash the biodiesel using distilled water at a temperature of 

70-80°C until the water becomes clear. 

9. Put the biodiesel in the oven for ±3 hours to reduce the 

water content in the biodiesel. 

10. Save the biodiesel results that have been obtained. 

III. RESEARCH RESULTS AND DISCUSSION 

Research result 

TABLE 1. Results of Analysis of Used Cooking Oil Characteristics 

Parameter Analysis results 

Free Fatty Acid Content (%) 1.51 

Acid number, mgKOH/g 2.9986 

Density 40°C, Kg/m3 898.5 

Kinematic Viscosity 40°C, cSt 35.4 

Color Abnormal (Yellow Brown) 

 
TABLE 2. Results of Biodiesel Analysis 

Parameter 

Results of Biodiesel Analysis of 

Transesterification Time Variations 
SNI 

7182 

:2015 
25 

Minutes 

30 

Minutes 

35 

Minutes 

40 

Minutes 

Density 40°C, 

kg/m3 
851.6 855.0 859.5 855.5 

850-

890 

Kinematic 

Viscosity 

40°C, cSt 

9.20 7.56 4.01 4.58 2.3-6.0 

Water Content, 
% (v/v) 

0.22 0,327 0,026 0.17 0.05 

Acid number, 

mgKOH/g 
1.33 1.45 0.44 2.76 0.5 

Yield, % 54.53 66.68 77.78 49.90 - 

Free Fatty 

Acids (%) 
0.67 0.73 0.24 0.87 - 

Discussion 

In this research, biodiesel was made from used cooking oil 

using a low-rank coal catalyst, with varying transesterification 

times of 25 minutes, 30 minutes, 35 minutes, and 40 minutes 

to determine the effect of transesterification time on the 

methyl esters in the oil. 

The initial stage of making biodiesel is that the oil is 

analyzed using the parameters of free fatty acid content, acid 
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number, density at 40°, kinematic viscosity at 40°, and color. 

This analysis is to determine the condition of used cooking oil 

before it is used as raw material, as well as to determine the 

reaction stages used in making biodiesel. 

In Table 2 above, the parameter results for the free fatty 

acid content in used cooking oil are 1.51%, where according 

to [5], if the free fatty acid content exceeds 1%, biodiesel 

production is carried out in two reaction stages, namely 

esterification. and transesterification reactions. 

The esterification reaction is the process of converting fatty 

acids into esters, namely by reacting fatty acids with alcohol 

using a strong acid catalyst [1]. This reaction aims to reduce 

the level of free fatty acids in the oil, where the lower the fatty 

acids, the lower the possibility of soap formation so that the 

biodiesel yield will be greater. The esterification reaction in 

this research was carried out based on research [11], where in 

this research alcohol was used with methanol to which the 

H2SO4 catalyst was added. Methanol is used because it is 

cheap, more reactive, and able to react at lower temperatures 

compared to other types of alcohol [8].  According [14] this 

H2SO4 catalyst can accelerate the rate of the esterification 

reaction, thereby increasing the conversion of fatty acids into 

esters. 

Meanwhile, the transesterification reaction is a reaction 

between triglycerides and alcohol with the help of a catalyst. 

This reaction produces the main product in the form of alkyl 

ester/biodiesel and a side product in the form of glycerol [7]. 

In this reaction, an oil: methanol ratio of 1:2 is used, which 

refers to research [12].  The purpose of adding large amounts 

of methanol is to shift the reaction towards the product so that 

biodiesel yield can increase [13]. Increasing biodiesel yield 

can also be done by adding a catalyst to the reaction, where 

the catalyst used is a low-rank coal catalyst. The resulting 

catalyst is then used in the transesterification reaction which 

lasts for 25 minutes, 30 minutes, 35 minutes, and 40 minutes. 

The transesterification results obtained are then purified 

through separation, washing, and drying stages to obtain the 

desired results. 

The separation and purification stage begins with filtering 

the catalyst and separating the glycerol in a separating funnel 

for 12 hours [12]. The top layer obtained is then heated for ± 1 

hour at a temperature of 60-70°C to remove the remaining 

methanol. After that, the process continues by washing the 

biodiesel using distilled water at a temperature of 70-80°C 

until the water becomes clear [7] The washed biodiesel is then 

heated in an oven at a temperature of 105-110°C for 3 hours to 

reduce the water content of the biodiesel [7]. In this way, 

biodiesel products with high purity can be obtained. 

Effect of Transesterification Time on Biodiesel Yield 

Varying transesterification times, namely 25 minutes, 30 

minutes, 35 minutes and 40 minutes in the transesterification 

reaction, have a real influence on the amount of oil produced 

as shown in Fig. 1: 

Based on Figure 1, the addition of time in the 

transesterification reaction shows an increase in the yield 

produced, where the highest yield was obtained at 35 minutes, 

namely 77.78%. By varying the transesterification time, you 

can produce an optimal reaction time so you can get a higher 

yield. However, at 30 and 40 minutes the yield of biodiesel 

produced decreased due to the formation of soap which 

occurred through the saponification reaction, where the 

formation of soap can hinder the conversion of oil into methyl 

ester [8]. According to [2], in producing high biodiesel yields, 

the washing process and water separation after washing are 

also very influential. Due to the biodiesel washing process, the 

water content produced exceeds SNI 7182:2015. The high 

value of kinematic viscosity is also caused by the presence of 

impurities in biodiesel that do not react, therefore it is 

necessary to carry out a purification process first. 

 

Figure 3. Effect of Transesterification Reaction Time on Biodiesel Yield 

 

Effect of Transesterification Time on the Characteristics of the 

Biodiesel Produced 

The quality of the biodiesel produced can be seen in Table 2 

with analysis parameters including density at 40°C, kinematic 

viscosity at 40°C, water content, and acid number. To vary the 

transesterification time with the highest yield (35 minutes), 

additional analysis was carried out in the form of methyl ester 

content to determine the level of purity of the biodiesel 

produced. 

Based on Table 2, the density of biodiesel obtained ranges 

from 851.6-859.5 kg/m3. These results have met the density 

standards in SNI 7182:2015, namely between 850-890 kg/m3. 

This is caused by an increase in the conversion rate of 

triglycerides into methyl esters so that the density of biodiesel 

will decrease. Biodiesel with a density according to SNI is 

capable of producing perfect combustion [5].  Meanwhile, the 

viscosity produced experienced a significant increase due to 

low and long heating, so the viscosity of biodiesel did not 

decrease [16] and according to [15] the high viscosity was 

caused by used cooking oil, not A purification process is 

carried out where the higher the viscosity, the thicker it is and 

the more difficult it is for the material to flow. High viscosity 

will cause the fuel to atomize into larger droplets and tend to 

collide with the relatively cold tank [16]. The water content 

parameters of biodiesel products are still above the permitted 

limits. High water content can be caused by an incomplete 

evaporation process [6]. The water contained in the product is 

caused by residual water from product purification which will 

hinder the distribution of fuel to the piston [6]. Meanwhile, 
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according to the acid number parameter [17] the high acid 

number in biodiesel indicates the presence of remaining free 

fatty acids. High acid numbers can cause corrosion in diesel 

engine fuel tanks [4]. The methyl ester content parameters 

were only reviewed for biodiesel with the highest yield, 

namely 77.78% from a variation of transesterification time of 

35 minutes. Methyl ester analysis was carried out using an FT-

IR instrument, with the resulting IR spectrum being as 

follows: 

 

 C:\Users\Administrator\Documents\Bruker\OPUS_8.7.10\DATA\MEAS\Biodiesel 35 menit Syifa SA.0          Biodiesel 35 menit Syifa SA          Instrument type and / or accessory13/01/2023
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Figure 4. The IR spectrum of Biodiesel 

 

In the spectrum above, there is a sharp absorption at the 

wavelength 1097.62; 1116.50; 1160.17; 1236.35; 1376.94; 

1463.70; 1743.63; 2852.62; and 2921.69 cm-1. Based on the 

book [3], the absorption wave numbers are 1097.62; 1116.50; 

1160.17; and 1236.35 cm-1 indicating the presence of C-O 

bonds (1300-1000 cm-1). Meanwhile, the wave number 

absorption of 1376.94 and 1463.70 cm-1 indicates the 

presence of a bending C-H bond (1474-1300), then the 

absorption of 1743.63 indicates the presence of an ester group, 

namely C=O (1900-1650 cm-1). And the absorptions of 

2852.62 cm-1 and 2921.69 cm-1 indicate the presence of C-H 

bonds (3000-2700 cm-1). The C-O, C=O, and C-H bonds in 

biodiesel prove the presence of methyl ester compounds 

contained in them. 

IV. CONCLUSION  

From the research that has been carried out, several things can 

be concluded, including: 

1. Based on this research, it is known that the function of coal 

as a catalyst is not effective in producing biodiesel 

according to SNI 7182:2015. 

2. The density parameter of 40°C in the biodiesel produced 

meets SNI 7182:2015. Meanwhile, the kinematic viscosity 

parameters at 40°C, water content, and acid number do not 

meet SNI 7182:2015 
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