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 The purpose of this study was to determine the effect of eggshell 

catalyst (CaO) on the combustion characteristics of nyamplung oil 

biodiesel droplets (Calophyllum inophyllum L) on flame visualization, 

ignition delay, and temperature. At present, Indonesia still uses fossil 

fuels, namely diesel. However, over time there are alternative fuels 

using palm oil raw materials. However, palm oil is also used as a 

source of food so that it will have an impact on the scarcity of palm oil. 

In this study, we looked for alternative energy using nyamplung seeds 

(Calophyllum inophyllum L.) with catalyst weight variations of 1%, 

3% and 5%. The tested droplet volume of 1 ml was placed in a type K 

thermocouple. The results of this study showed that the percentage of 

catalyst weight increased temperature and shortened ignition delay. 

The highest temperature and lowest ignition delay were found at a 

variation of 5% with the highest temperature of 679.5 °C and ignition 

delay of 3000 ms. 
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1. INTRODUCTION  

Biofuel is one of the alternative energy fuel sources that has great potential to be 

implemented considering that the potential resources available are very abundant 

(Directorate General of New, Renewable Energy and Energy Conservation [9]. One way to 

minimize dependence on fossil fuels is by developing Vegetable Fuels (BBN) or often called 

biofuels [6]. Biofuel consists of biodiesel, bioethanol and pure vegetable oil Directorate 
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General of New, Renewable Energy and Energy Conservation [9]. 

The raw material for making bodysel which has the potential to produce high 

biodiesel yields is nyamplung fruit (Calophyllum inophyllum L.). The potential of 

nyamplung (Calophylum Inophyllum L.) as a raw material for making biodiesel is very 

large because it contains high oil content of around 40-73%. Nyamplung and produces oil 

(biofuel) whose octane content is quite high. 

Biodiesel is a mono alkyl ester of long chain fatty acids containing 12 - 24 carbon 

atoms which is made from renewable lipid/fat sources, such as vegetable oils and animal 

fats through a transesterfication process [12]. The transetrication process requires a catalyst 

which aims to reduce the viscosity and increase the burning power of the oil, so that it can 

meet the requirements for alternative fuels [15]. A catalyst is a material that can increase 

process efficiency. The catalysts most often used in making biodiesel are homogeneous base 

catalysts such as NaOH and KOH [1]. The use of homogeneous base catalysts can become 

waste that pollutes the environment. . This can be overcome by using a heterogeneous 

catalyst, an example of a heterogeneous catalyst is CaO. The CaO catalyst can be obtained 

through the CaCO3 calcination process [16] 

The droplet combustion method aims to determine the combustion characteristics of 

biodiesel [8]. Previous research from Winarko only examined the droplet characteristics of 

raw nyamplung oil, and it had not yet been processed into biodiesel [20]. This research 

discusses the characteristics of premix combustion flames. The focus of this research is to 

determine the differences in flame visualization which are influenced by the weight 

percentage of the catalyst. 

 

2. RESEARCH METHOD 

 

The method used in this research is a real experiment where the researcher directly 

knows the results of the experiment, namely the characteristic values in the form of biodiesel 

fuel characteristics (without and with catalyst) and the combustion characteristics, namely 

ignition delay, flame temperature, and flame visualization of oil-based biodiesel [17]. The 

seeds are mixed with an eggshell catalyst [3]. 

Research will begin in February-October 2023 at the Energy Conversion Laboratory, 

Department of Mechanical Engineering, University of Jember. 

This research used nyamplung oil (Calophylum Inophyllum L.) which was added with 

1% calcium oxide (CaO) heterogeneous catalyst. 3% and 5% of the oil volume. The 

combustion characteristics include flame visualization stability, ignition delay, and 

temperature [4]. 

1 ml of biodiesel oil was dripped into a type K thermocouple placed on a ±10 cm 300 

watt heater, with a current of 5 A and connected to a data logger connected to a laptop. The 

data logger is useful for recording droplet temperatures starting when the heater is turned 
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on until the flame goes out [2]. The camera was turned on and recorded the fire at the same 

time the heater was turned on. Figure 1 shows the research installation. 

 

.  
Figure 1. Experimental tools 

Information: 

1. Laptops 

2. Data Logger 

3. Thermocouple 

4. Thermocouple junction 

5. Coil Heater 

6. Measuring Scale 

7. Camera 

8. Power Supply 

9. Fuel 

10. Coil Heater Supportr 

 

3. RESULTS AND DISCUSSION 
 

3.1  Biodiesel physical and chemical properties data 

Before obtaining research data, fuel properties data are required which are displayed 

in Table 1. 
Table 1. Physical properties of nyamplung oil 

Nyamplung Oil Test Parameters unit SNI Test Value 

Densitas / density (ρ) kg/ m3 (40℃) 840-890 932 

Free Fatty Acids (FFA) % 2% 7,55 

Acid Number mgKOH/g 4 14,2868 

https://doi.org/10.24036/jtip.v18i1.829
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Table 2. Physical properties of Nyamplung oil biodiesel 
Parameter Biodiesel 

Standards 

Nyamplung Seed Oil Biodiesel 

  1% 3% 5% 

Density (kg/m3) 840-890 911 886 876 

Viskositas (cSt) 2,3-6,0 8,266 7,834 7,1617 

Acid Number (mgNaOh/g) Maks 0,5 3,5904 3,4782 3,366 

Free Fatty Acids (%) Maks 2 1,897 1,83 1,779 

Flash point Min. 40 514 300 275,5 

  

Seen from table 1 and table 2 in the nyamplung oil test, the oil density is still above SNI, 

namely 932 kg/m3, but after the transesterification reaction the biodiesel density can be 

reduced to 911 kg/m3 at a 1% variation, then 886 kg/m3 at a 3% variation and the lowest 

was 876 kg/m3 with a variation of 5%. This test proves that the catalyst can reduce the 

density. And variations that meet SNI are variations of 3% and 5%. 

The viscosity in this test with a 1% variation in viscosity was 8.266 cSt, a 3% variation in 

viscosity was 7.834 cSt and a 5% variation in viscosity was 7.1617. This is because the catalyst 

is able to bind free fatty acids. The less catalyst, the less fatty acids are bound [5]. The use of 

a CaO catalyst has been proven to reduce viscosity. 

The acid number and free fatty acids in nyamplung oil are still relatively high, namely 

7.55% and the acid number is 14.2868 mgNaOH/g, while the SNI for FFA is <2% and the 

acid number is 4 mgNaOH/g. Free fatty acids are derived using the help of an acid catalyst, 

namely H2SO4 in the esterification process and a CaO base catalyst in the tranesterification 

[13] process, which produces data for a variation of 1% FFA 1.897% and an acid number of 

3.5904 mgNaOH/g, for a variation of 3% FFA 1.83 % and acid number 3.4782 mgNaOH/g, 

and with a variation of 5% FFA 1.779% and 3.366 mgNaOH/g. 

The flash point or flash point in this test, the flash point at 1% variation is 514℃ at 8000 

ms, the flash point at 3% variation is 300℃ at 6600 ms and the flash point at 5% variation is 

275.5℃ at 3200 ms. This shows that the use of a catalyst can speed up the reaction. It can be 

seen that the 5% variation can produce a flame at a temperature of 275.5℃ with a time of 

3200 ms, while with the 1% variation the flame is only produced at a temperature of 514℃ 

and with a long time of 8000 ms [14]. 

 

3.2 Flame Visualization 

Seen from Figure 2, the weight of the catalyst in biodiesel can influence the stability 

of the flame. Micro explosions at 5% catalyst weight were seen to be more numerous than 

1% and 3% catalyst weights. And the flame with a 5% catalyst weight is longer, namely 3800 

ms, while the 1% catalyst has a stable flame and a short flame life, namely 800 ms. And a 3% 

catalyst has a flame life of 1800 ms [6]. 

It can be observed that the rapid combustion process can make the resulting flame 

height smaller. This is because the length of the flame is inversely proportional to molecular 

https://doi.org/10.24036/jtip.v18i1.829
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diffusivity [19]. The higher the catalyst variation, the higher the combustion rate [7]. The 

more the burning rate increases, the shorter the flame produced, such as the 5% variation.  

 
(a) 

 
(b) 

 
(c) 

Figure 2. Flame stability in biodiesel oil containing variations in catalyst weight, (a) 

Catalyst 1% (b) Catalyst 3% (c) Catalyst 5% 
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3.3 Ignition delay time 

Figure 3 shows that the ignition delay produced by each variation in catalyst weight 

is different and very significant. Egg shell catalyst can speed up the combustion reaction 

and can reduce ignition delay time. From the data obtained, the lowest ignition delay is on 

the 5% catalyst variation, namely 3000 ms and the longest is on the 1% catalyst, namely 8000 

ms. The resulting ignition delay value shows that the catalyst is 5% more effective in 

reducing ignition delay time [8]. Ignition delay is proportional to flash point, the faster the 

ignition delay, the lower the flash point. Like the 5% catalyst which has a flash point of 

275.5℃ and an ignition delay of 3000 ms. Meanwhile, the 1% variation has a high flash point, 

namely 550.25℃ and has an ignition delay of 8000 ms..  

 
Figure 3. Ignition Delay Time 

 

3.4 Flame Temperature 
 

Seen in Figure 4, it shows that the 5% variation has the highest maximum 

temperature value compared to the others, namely 679.5 ℃, while the lowest maximum fire 

temperature value is 1% variation with a temperature of 550.25 ℃. The higher the catalyst 

percentage, the higher the flame temperature. The effect of a catalyst is that it can change 

saturated fatty acids into unsaturated fatty acids [11]. Biodiesel with unsaturated fatty acid 

content has a higher temperature, such as the 5% variation compared to the 1% variation 

which has saturated fatty acids.   
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Figure 4. Flame Temperature 

 

3.5 Flame Height 

Shown in Figure 4. The highest flame occurs with a 1% variation, namely 4.24 cm, 

then a 5% variation, namely 4.09 cm, and a 3% variation produces the shortest flame, namely 

3.37 cm. This can occur due to the density of the biodiesel produced. The higher the density, 

the more difficult it will be for air to penetrate the fuel layer, which will slow down the 

combustion reaction [12]. 

Apart from that, the difference in flame height is caused by the free fatty acid 

content. In the 1% variation the flash point is 550.25℃ while in the 5% variation the flash 

point is 275.5℃. A high fatty acid content will speed up the life of the flame and inhibit the 

rate of flame propagation, so that the resulting flame is small [18]. 

 
Figure 5. Flame Height Chart 
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4. CONCLUSION 
 

 Research has been carried out on the droplet combustion characteristics of 

biodiesel oil with varying eggshell catalyst weights. The eggshell catalyst plays a role in 

improving the transesterification reaction and combustion quality. This effect can be seen 

in the 5% variation of the catalyst variation which produces the highest temperature, 

namely 679.5 °C, the shortest ignition delay time, namely 3000 ms, and the lowest flash 

point, namely 275.5 °C. 
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