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Abstract 

Vegetable oil is triglyceride molecules consisting of glycerol with three carbon chains as the 

backbone and three branches of fatty acids. Fatty acid molecules contain carboxylic acid and 

methyl ester (biodiesel). The properties of methyl esters from vegetable oils are almost similar 

to those of diesel oil. Therefore, fatty acids are a good potential source for diesel oil. This study 

aims to elucidate the effect of fatty acid composition on the combustion characteristics of 

vegetable oil. In this study, the combustion characteristics of the oil were observed 

experimentally by burning a single droplet on a heated stainless-steel plate. The results show 

that vegetable oil is burned in three stages: burning unsaturated fatty acids, saturated fatty acids, 

and glycerol at the first, second, and third stages, respectively. Compared to ceiba pentandra, 

cotton, and coconut oils, the combustion characteristics of jatropha curcas linn oil resemble 

most of the diesel oil. The burning of ceiba pentandra oil has two small explosions, while 

jatropha curcas linn, cottonseed, and diesel oils have only one small explosion, and no 

explosion occurs during the coconut oil burning. Unsaturated fatty acids and glycerol are highly 

explosive. The burning rate of the vegetable oil droplet is influenced by the flashpoints, fatty 

acid content, and dissociation energy of fatty acid bonds. The larger the number of the 

unsaturated fatty acid component, the higher the burning rate of the oil. 
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Abstract─ The purpose of this study is to elucidate the effect of fatty acid composition on the combustion characteristics of vegetable 

oil. In this study, the combustion characteristics of the oil were observed experimentally by burning single droplet on a heated 

stainless steel plate. The results show that vegetable oil droplet burned in three stages. In the first stage, unsaturated fatty acids were 

burned, followed by the burning of saturated fatty acids in the second stage and that of glycerol in the final stage. Unsaturated fatty 

acid and glycerol are highly explosive. The larger the number of unsaturated fatty acid component are, the higher the burning rate of 

the oil will be. 

Key words─ vegetable oils; fatty acid composition; flame; three stage combustion; explosion.

I. INTRODUCTION 

     Vegetable oils in general are triglyceride molecules 

consisting of glycerol with three carbon chains as the 

backbone and three branches of fatty acids. The fatty acids 

are good potential source for diesel oil. Fatty acid molecules 

contain carboxylic acid (COOH) and methyl ester (CH3) 

[1][2][4]. The properties of methyl esters from vegetable oils 

are almost similar to those of diesel oil [5]. When methyl 

esters (biodiesel) of vegetable oil is mixed with diesel oil to 

combustion in a DI engine, the emission of CO, HC, and 

SOx decreases [6][7][8][9][10] [11], and it works very well 

in diesel engines. In addition, it can be noted that it has 

some significant features of which the higher flash point, 

higher cetane number and higher oxygen content will be 

[9]. The combustion for bioethanol and biodiesel-diesel 

blends  in a DI engine significantly to reduce the particulate 

matter (PM) emissions from the diesel engine in terms of the 

emissions of NOx (nitrogen oxides), soot, and smoke, HC 

(hydrocarbon), and CO (carbon monoxide) [5][12][13]. The 

higher blend of the biodiesel, the temperature of combustion 

chamber will be lower, but the exhaust gas temperature at 

the end of the chimney is likely to increase [14]. As the 

viscosity of vegetable oil is very high compared to that of 

diesel oil, its direct application as a fuel for diesel engines is 

still problematic [2]. The viscosity of vegetable oil is very 

high because it contains saturated fatty acids, unsaturated 

fatty acids, and glycerol.  

    There have been several studies about methyl ester fatty 

acid as an additive to fuel [6][15]. The findings showed that 

oleic acid from coconuts is oxidized more rapidly than 

myristic and stearic acids. They also reported that methyl 

esters from coconut and cotton oils reduce fuel burning 

efficiency, torque, and emissions of CO2, HC, and other 

exhaust gases in diesel engines at 2000 rpm. However, the 

emission of NOx increases.  In addition, the mass flowing 

rate of vegetable oil is slightly lower than diesel, so their 

vaporization speeds and burning rates are lower than those 

of diesel [16]. Other researchers [16][17] [18] found that the 

addition of methyl esters from cotton oil decreases the 

engine efficiency and the vegetable oil methyl esters could 

be used to replace diesel without modifying diesel engines. 

Besides used for burning fuel premix biodiesel can also be 

used for burning diffuse as for stove, fuel turbine, and 

boiler. The opinion was supported by the results of the study 

[19] which indicates biodiesel can be promising alternative 

fuel for power plants and gas turbine to replace the fossil 

fuels. Meanwhile, analysis of radiocarbon abundance natural 

found that a mixture of biodiesel passed in the pass the 

specifications needed the department of defense united 

states to mix that is 20 % biodiesel. [20] 

     The research on diffusion and premixed combustion of 

vegetable oil has been done by some researchers, namely the 
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combustion of Jatropha oil process by magnetic field these 

two actions is the abrupt increase of the flame size growth 

and contraction rate [21], while another research shows the 

role of magnetic field orientation in vegetable oil premixed 

combustion, showing that the magnetic field increased the 

laminar burning velocity[22].  The research [2][23][24] 

show the combustion of Jatropha oil droplet performs two 

steps of combustion, fatty acid burned in the first step and 

glycerol in the second step. The on-set of micro-explosion 

occurs shortly before the second step combustion, and it 

becomes more frequent as the oil temperature increases. On 

the other hand, it is explained that the combustion kapok 

(cotton) seed oil and Jatropha oil there is one combustion 

stage in the kapok seed oil and four combustion stages in 

Jatropha oil [25]. In addition, a study shows that the burning  

velocity of  the premixed combustion of pure and 

hydrolyzed coconut oil decreases when the equivalent ratio 

increases [26]. Without glycerol, laminar flame velocity 

becomes higher and more stable as perforated flame is at 

higher φ. At rich mixture the Bunsen flame becomes 

unstable and performs petal cellular flame. Further to  [27] 

reported kapok seed oil premixed combustion showed that at 

very lean mixture Bunsen flame is performed on every hole 

of perforated plate. Bunsen flame decreases when equivalent 

ratio increases. Both open tip Bunsen and triple flame were 

formed at higher equivalent ratio. The research on the flame 

characteristics of coconut oil methyl esters were found to be 

the most dissimilar to those of diesel oil [28]. Jatropha 

curcas Linn oil methyl ester had the fastest combustion 

process of the vegetable oil methyl esters and the slowest 

was that of coconut oil methylesters. In addition, [29] the 

combustion of pure Jatropha curcas Linn oil, hydrolyzed 

Jatropha curcas Linn oil methyl ester occurred in three 

stages, two stages and one stages respectively. One 

explosion occured in the pure Jatropha curcas Linn oil, due 

to its high content of unsaturated fatty acid.  

     It is believed that the fundamental combustion 

characteristics of vegetable oils as fuel additives in diesel 

engines should be intensively studied. High boiling point 

differences in propanol and glycerol combustion at a low 

gravity condition may cause flame contraction and micro 

explosion [30]. Therefore, it is predicted that such micro 

explosion also occurs in vegetable oils because they contain 

fatty acids and glycerol, which have very high different 

boiling and flash points. Furthermore, three long chains of 

fatty acid are connected to glycerol as combustion 

characteristics of vegetable oils are very different from those 

of propanol and glycerol mixture. Moreover, water from 

burned vegetable oils causes a hydrolysis reaction which 

breaks up triglyceride molecule into fatty acids and glycerol. 

In addition, the fatty acids and glycerol will burn separately 

and have different burning times [2]. The purpose of this 

study is to elucidate the combustion characteristics of 

vegetable oils (Ceiba pentandra, Jatropha curcas Linn, 

cotton, and coconut oils) which is important as the 

alternative major source of fuel.  

II. MATERIALS AND METHOD

A. The Chemical Structure and Properties of Vegetable Oil 

     Vegetable oil is composed of triglyceride molecules 

consisting of glycerol with three carbon chains as the 

backbone and three branches of fatty acids with 18 or 16 

carbon chains. Most triglyceride molecules contain atoms of 

carbon and hydrogen with only six oxygen atoms per 

molecule which means the contents of vegetable oils are 

similar to those of petroleum hydrocarbons. Therefore, 

vegetable oil is a good alternative source of fuel and 

triglyceride is eminently suitable as the fuel. During 

combustion, triglyceride is hydrolyzed from the ester. The 

hydrolysis reaction yields glycerol and three fatty acids 

which are carboxyl acids. 

     The chemical composition of the vegetable oil was tested 

by Gas Chromatography (GC) and the results are shown in 

Table 1. The dominant components in Ceiba pentandra oil 

are linoleic, palmitic, and oleic fatty acids as well as 

glycerol. Jatropha curcas Linn oil has oleic, linoleic, lauric, 

palmitic, and stearic fatty acids. Meanwhile, cotton oil has 

oleic, linoleic, palmitic, and stearic fatty acids and coconut 

oil contains lauric, myristic, palmitic and oleic fatty acids. 

Table 1 shows that Ceiba pentandra oil is composed of 

30.17% saturated fatty acid, 57.20% unsaturated fatty acid, 

and 9.87% glycerol. The composition of Jatropha curcas 

Linn oil is 30.97% saturated fatty acid, 62.61% unsaturated 

fatty acid, and 3.94% glycerol. Cotton oil consists of 

29.97% saturated fatty acid, 63.23% unsaturated fatty acid, 

and 4.32% glycerol. Meanwhile, the composition of coconut 

oil is 65.26% saturated fatty acid, 27.25% unsaturated fatty 

acid, and 3.54% glycerol. Flash point of the vegetable oils 

increases with the increase of saturated fatty acid content. 

The flash point of saturated fatty acids and unsaturated fatty 

acids varies from 176
o
C-208

o
C and 61

o
C-85

o
C, respectively, 

whereas the flash point of glycerol is 345
o
C due to the fact 

that saturated fatty acids have a single bond on their 

hydrocarbon chain; it is a zigzag, which can pair acids 

causing strong Van der Waals attraction force between 

molecules. It needs more energy to separate the molecules, 

so that the melting point and flash point of saturated fatty 

acids are high. Unsaturated fatty acids have one or more 

double bonds in their hydrocarbon chains.  The double bond 

will react easily with oxygen. The Van der Waals attraction 

force between the molecules decreases with the increase of 

the amount of unsaturated molecules in fatty acids. It needs 

less energy to break up the molecules, so its melting point 

and flash point are lower. The position of a double bond 

determines the power of the reaction.  Reaction with oxygen 

will easily occur when the double bond gets closer to the tip, 

so that the unsaturated molecule becomes more flammable; 

whereas, glycerol very strong  hydrogen  bonds  between  

the molecules. This causes very strong Van der Waals 

attraction forces between the molecules; thus, the melting 

point and flash point are very high. 



TABLE I 
CHEMICAL COMPOSITION OF VEGETABLE OILS 

Chemical Composition 

Types 

Chemical Formulas 

Chemical 

Bond 

Structures 

Flash Points 

(oC) 

Chemical Oil Compositions (%) 

Ceiba 

pentandra 

Oil 

Jatropha 

curcas Linn 

Oil 

Cotton  

Oil 

Coconut 

Oil 

Saturated 
Fatty Acids 

Caprylic CH3(CH2)6COOH 8:0 176 - 1.70 - 3.07 

Capric CH3(CH2)8COOH 10:0 181 - 1.66 - 3.59 

Lauric CH3(CH2)10COOH 12:0 185 - 7.71 0.54 31.43 

Myristic CH3(CH2)12COOH 14:0 196 - 5.29 0.98 13.26 

Palmitic CH3(CH2)14COOH 16:0 201 22.50 11.45 21.13 9.32 

Stearic CH3(CH2)16COOH 18:0 206 7.67 3.16 7.32 4.50 

Arachidic CH3(CH2)18COOH 20:0 208 - - - 0.09 

Unsaturated 

Fatty Acids 

Oleic CH3(CH2)7CH=(CH2)8COOH 18:1 80 19.38 30.38 20.14 17.51 

Linoleic CH3(CH2)4(CH=CHCH2)2(CH2)6 COOH 18:2 77 36.62 32.23 43.09 9.69 

Linolenic CH3(CH2)(CH=CHCH2)3CH2)6 COOH 18:3 61 1.20 - - 0.05 

Eicosanoic CH3(CH2)5CH=CH(CH2)11COOH 20:1 85 - - - 0.05 

Glycerol 

Gum 

Water 

C3H5(OH)3 3:0 345 9.87 3.94 4.32 3.54 

C(CH2OH)4 5:0 275 2.69 2.02 2.12 3.89 

H2O - - 0.06 0.45 0.36 0.05 

Total Saturated Fatty Acids 30.27 30.97 29.97 65.26 

Total Unsaturated Fatty Acids 57.20 62.61 63.23 27.25 

Total Fatty Acids 87.37 93.58 93.20 92.51 

     The main physical properties (density, kinematic 

viscosity, flash point, heating values and pH) of vegetable 

oils and diesel oil are shown in Table 2. 

TABLE II 
PHYSICAL PROPERTIEA OF VEGETABLE OILS COMPARED TO DIESEL OIL 

Properties Methods Instruments Models 

Value 

Ceiba 

pentandra 

Oil 

Jatropha 

curcas Linn 

Oil 

Cotton  

Oil 

Coconut 

Oil 

Diesel 

Oil 

Density to T=30oC 

(kg/m3) 

D1298 Hydrometer 
Nikki, Japan 

974 921 955 936 849 

Kinematic Viscosity to 

T=30oC (cSt) 

D445 Kinematic 

Viscometer 

Leybold Didactic, 

Germany 

45.55 35.48 41.65 55.55 7.05 

Flash Point (oC) D93 Pensky-Martens 

Closed Cup Tester 

Leybold Didactic, 

Germany 

260 240 250 265 60 

Heating Value (kcal/kg) D240 Bomb Calorimeter Parr Instrument UAS 9700.56 9860.25 9335.87 9698.97 11307.25 

pH D6423 pHep Tester HANNA Instrument 

UAS 

5.0 4.5 4.0 6.0 6.6 

B. Experimental Apparatus and Measurement Techniques 

     The experiments were performed using experimental 

apparatus which is schematically shown in Fig. 1. 

Vegetables were dripped on a heated stainless steel plate. 

The plate thickness was 0.3 mm and its diameter was 35 

mm. The plate was heated from below by a heater to a 

temperature of 270
o
C. The measurement of the plate 

temperature was carried out with a thermocouple and data 

logger with measurement range of -200
o
C to 1372

o
C and 

accuracy of ± 0.35
o
C. The distance from the thermometer to 

the heated  plate was about 300 mm. Vegetable oil droplet 

had an initial diameter of 1.75 mm at the room temperature. 

Droplet diameter and flame dimension were measured using 

ImageJ program. Flame image was recorded with a high 

speed Casio ZR 200 camera at 420 frame/s. Data of flame 

images were captured by a CCD camera connected to a 

VCR and then the VCR data were transferred to JPG 

converter program, which gave the final image files in the 

process sequential data reduction.  To identify the flame 

height and width, Imagej program was utilized. The oil 

droplet burning time was determined from the number of 

the recorded frames, which were multiplied by the time 

period between each frame, i.e., 0.00238 s. The oil droplet 

burning rate was determined from the volume of the 

droplets divided by burning time. Flame explosion was 



visualized  from the evolution of the flames, and the 

explosion time was obtained from the flame evolution 

images in the frames multiplied by the time of each frame, 

i.e., 0.00238 s. Measurements of flame height and width of 

all oil types were repeated up to three times as shown in 

Figs. 3. All measurement data show the same trend 

indicating that an oil droplet burns in three stages. 

Fig. 1. Experimental Apparatus: (1) L P G, (2) Gas house, (3) Lighters, (4) ON/OF, (5) Combustion chamber with glass walls, (6) Stainless steel plate,      

(7) Heater, (8) Vegetable oil droplet, (9) CCD Camera, (10) Micropipette, (11) The smoke exhaust, (12) Thermocouple, (13) Data logger, and (14) Computer 

XXXXX 

III. RESULTS AND DISCUSSION

A. The Burning Stages 

Figs. 2, 4, 6, and 8 show the combustion stages of vegetable 

oil. The results are compared with those for diesel oil as 

seen in Fig. 10. The flame size evolution of vegetable oil 

droplets is shown in Figs. 3, 5, 7, and 9, and compared with 

the flame size evolution of diesel oil in Fig. 11. 

Fig. 2 Flame evolution of Ceiba pentandra oil (s) 

Fig.3 Flame height evolution of Ceiba pentandra oil (mm) 

Fig.4 Flame evolution of Jatropha curcas Linn oil (s) 
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Fig. 5 Flame height evolution of Jatropha curcas Linn oil (mm) 

Fig. 6 Flame evolution of cotton oil (s) 

Fig. 7  Flame height evolution of cotton oil (mm) 

Fig. 8. Flame evolution of coconut oil (s) 

Fig.9 Flame height evolution of coconut oil (mm) 

Fig.10 Flame evolution of diesel oil (s) 



Fig. 11 Flame height evolution of diesel oil (mm) 

     Figs. 2-11 show that the combustion process of vegetable 

oils has different flame characteristics from those of diesel 

oil. Vegetable oils burn in three stages, which are 

combustion stage of unsaturated fatty acids, saturated fatty 

acids, and glycerol. Unsaturated fatty acids (mono 

unsaturated and polyunsaturated fatty acids) are burned in 

the first stage since it has the lowest flash point, then the 

saturated fatty acids are burned in the second stage because 

its flash point is higher, and glycerol is burned in the third 

stage for the highest flash point (Table 1). On the other 

hand, diesel oil burns completely within a very short time in 

one stage. The influence of the flash point on the 

combustion time has been reported [3][31], that the decrease 

of the oil flash point reduces the combustion time. The 

unsaturated fatty acids were reported to have faster reaction 

rate that make it burn earlier. A similar result of multi stage 

combustion for vegetable oil was also reported [2][28] that 

explained that Jatropha curcas Linn oil burns at the junction 

of thermocouple undergoing a two-stage combustion; fatty 

acids are burned in the first stage, and then glycerol is 

burned in the second stage. Diesel oil combustion, however, 

is completed in merely one stage because it contains olefin, 

aromatics, and paraffin hydrocarbons, which are unstable, 

highly reactive, having low flash points and a lot quicker 

combustion. The constituent components of vegetable oils 

have very different value of the flash and boiling points as 

well as reactive properties. The constituent components 

burn individually and require a longer time. Figs. 2 to 9 also 

reveal that oils with a lower unsaturated fatty acid content 

have the darkest flame color (weaker luminosity) and the 

longest combustion time. This fact indicates that unsaturated 

fatty acids in vegetable oil are highly reactive. 

B. The Explosion Mechanism 

     The explosion mechanism of the vegetable oil droplets 

burned on the hot stainless steel plate was recorded by 

means of a high speed CCD Camera and is shown in      

Figs. 12, 13, 14, and 15. Fig. 16 shows the flame width of 

vegetable oils compared to that of diesel oil. The sudden 

enlargement of the flame indicates flame explosion. 

(a)                                       (b) 
Fig. 12 The explosion flame of ceiba pentandra oil, (a) first explosion and 

(b) second explosion (s) 

Fig. 13 The explosion flame of Jatropha curcas Linn oil (s) 

Fig. 14 The explosion flame of cotton oil (s) 

Fig.15 The explosion flame of diesel oil (s) 



Fig. 16 Flame width of vegetable and diesel oils (s) 

The explosion of vegetable oil is caused by unsaturated fatty 

acids and glycerol; whereas, in diesel oil, it is caused by 

unsaturated hydrocarbons. For Ceiba pentandra oil (Figs. 

12 and 16), two small explosions occurred at 0.036
th
 and 

1.840
th
 seconds, respectively.  In Jatropha curcas Linn oil 

(Figs. 13 and 16), one small explosion took place at the 

0.038
th
 second. Cotton oil (Figs. 14 and 16) had one small 

explosion lasting for 0.043 second. Table 1 shows that 

Ceiba pentandra oil contains 57.20% unsaturated fatty acid 

and 9.87% glycerol; Jatropha curcas Linn oil consists of 

62.61% unsaturated fatty acid and of 3.94% glycerol, and 

then cotton oil consists of 63.23% unsaturated fatty acid and 

4.32% glycerol. The first explosion at the Ceiba petandra 

was caused by unsaturated fatty acids, while the second 

explosion was caused by a high glycerol contents (9.87%). 

This is due to the fact that unsaturated fatty acids and 

glycerol are unstable and highly reactive at high 

temperature; both of them are highly explosive. On 

Jatropha curcas Linn, cotton, and coconut oils, glycerol 

combustion did not spark the second explosion because their 

glycerol contents were relatively small. 

     When vegetable oil burns, its water content hydrolyses 

the oil to break up into glycerol and fatty acids. For coconut 

oil (fig. 16), explosion did not occur, as it consists of very, 

little 27.25% of unsaturated fatty acids and 65.26% of 

saturated fatty acid (Table 1). Saturated fatty acid is stable 

with high flash point. Besides, it burns slowly. Diesel oil 

(figs. 15 and 16) has one small explosion, which is much 

smaller than that of vegetable oils lasting for 0.069s. It is 

seen from figure 16 that jatropha curcas linn oil flame 

characteristics most closely resemble those of diesel oil. The 

combustion of diesel oil was enhanced by its high content of 

75% unsaturated hydrocarbons (aromatic hydrocarbon and 

olefin hydrocarbon). Aromatic and olefin hydrocarbons are 

unstable and highly reactive. Wardana [2] and Muhaji, et. al  

[29] has found that in jatropha curcas lin oil, micro 

explosions occurred between the first step combustion of 

fatty acids and the second step burning of glycerol. 

Explosions were also reported when glycerol and propanol 

burned at low gravity [31].  

C. Burning Rate 

     The rates of vegetable oil combustion compared to diesel 

oil are shown in Fig. 17. The combustion rate occurred 

sequentially from high to low, starting from Jatropha 

curcas linn oil at 0.00248 cc/s, cotton oil at 0.00161 cc/s, 

Ceiba pentandra oil at 0.00105 cc/s, and coconut oil at 

0.00074 cc/s, respectively. Meanwhile, the diesel oil has a 

combustion rate of  0.00352 cc/s. The burning rate of 

vegetable oil is influenced by several factors, such as flash 

point of fatty acids (Table 1), unsaturated fatty acid content 

as well as dissociation energy of fatty acid bond. The 

burning rate of vegetable oil increases with the decrease of 

the flash point of the fatty acids; its value also increases 

with the increase of the unsaturated fatty acid content. The 

third, vegetable oils with more unsaturated fatty acid content 

have less dissociation bond energy, so the chemical bonds 

can break up easily, and the oil flammability is greater. 



Fig. 17 The droplet burning rates of vegetable and diesel oils (cc/s) 

IV.CONCLUSION 

     The experiments concerning vegetable oil droplet 

combustion on a hot stainless steel plate, which were 

recorded by the high speed camera, allow drawing some 

conclusions. First, the vegetable oil is burned in three stages 

which are burning of unsaturated fatty acids, saturated fatty 

acids and glycerol at the first, second and third stage, 

respectively. 

Compared to Ceiba pentandra, cotton and coconut oils, 

the combustion characteristics of Jatropha curcas linn oil 

resemble the most those of diesel oil. Burning of Ceiba 

pentandra oil has two small explosions, while Jatropha 

curcas linn, cotton seed, and diesel oils have only one small 

explosion, and no explosion occurs during the coconut oil 

burning. The burning rate of the vegetable oil droplet is 

influenced by the flash points, fatty acid content, and 

dissociation energy of fatty acid bond. 

ACKNOWLEDGEMENT 

   This experiment is part of Competitive Research Grant 

funded by Ministry of Research, Technology and Higher 

Education, Republic of Indonesia. 

REFERENCES 

[1] Berchmans, H.J. and Hirata S., “Biodiesel production 

from crude jatropha curcas lin oil with a high content 

fatty acids,ˮ Science Direct, Renewable Energy. 2008. 

Vol. 99. p. 1716-1721. 

[2] I.N.G Wardana, “Combustion characteristics of jatropha 

curcas lin oil droplet at various oil temperatures,ˮ Fuel. 

2010. Vol. 89, p. 659-664.  

 [3]  I.N.G. Wardana, Agung Widodo, and Widya Wijayanti, 

“Improving Vegetable Oil Properties by Transforming 

Fatty Acid Chain Length in Jatropha Oil and Coconut 

Oil Blends,ˮ Energies 11(2):394· February 2018. with 

330 Reads DOI: 10.3390/en11020394. 

[4] Ena Marlina, Widya Wijayanti, L. Yuliati, and I.N.G 

Wardana,“The role of pole and molecular geometry of 

fatty acids in vegetable oils droplet on ignition and 

boiling characteristics,ˮ Journal Renewable Energy, 

Volume 145, p 596-603. Publication date; 2020/1/1. 

[5]  S.A Shahir.,  Masjuki H. H.,  Kalam M. A., A. Imran, 

and A. M. Ashraful, “Performance and emission 

assessment of diesel–biodiesel–ethanol/bioethanol 

blend as a fuel in diesel engines: A review,ˮ 

Renewable and Sustainable Energy Reviewes 48 

(2015) p. 62-78. 

[6] Satyanarayana, M. and Mulareedharan, C.,“A 

comparative study of vegetable oil methyl ester 

(biodiesel),ˮ Energy. 2011. Vol. 36. p. 2129-2137.  

[7]   H, Sajjad, H. H. Masjuki, M. Varman, M.A. Kalam, 

M.I. Arbab, S. Imtenan, and A.M. Ashraful, “Influence 

of gas-to- liquid (GTL) fuel in the blends of 

Calophyllum inophyllum biodiesel and diesel: An 

analysis of combustion–performance–emission 

characteristics,ˮEnergy Conversion and Management, 

97 (2015) 42-52. 

[8]   Ruhul Amin Md.,  Joynul Abedin Md., S.M. Ashrafur 

Rahman Bin Haji Hassan Masjuki, Abdullah Al 

abdulkarem. Md., Abul Kalam, and Islam Shancita, 

“Impact of fatty acid composition and physicochemical 

properties of Jatropha and Alexandrian laurel biodiesel 

blends: An analysis of performance and emission 

characteristics,ˮ Journal of Cleaner Production, 

Volume 133, 1 October 2016, p. 1181-1189. 

[9] M. Bhuiya, M. Rasul, M. Khan, and N. Ashwath, “ 

Performance and emission characteristics of binary 

mixture of poppy and waste cooking 

biodiesel,ˮEnergy Procedia, 110 (2017) 523-528. 

Comment [u3]: 1. reference 70% in 
(2017-2021) from journal indexed by 

Scopus.  

2. Citation and Reference in Paper

must using Mendeley with IEEE Style. 

https://www.researchgate.net/scientific-contributions/77538000_ING_Wardana
https://www.researchgate.net/scientific-contributions/2125711653_Agung_Widodo
https://www.researchgate.net/profile/Widya_Wijayanti2
https://www.researchgate.net/journal/1996-1073_Energies
https://www.sciencedirect.com/science/article/pii/S0960148119308924
https://www.sciencedirect.com/science/article/pii/S0960148119308924
https://www.sciencedirect.com/science/article/pii/S0960148119308924
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!
https://www.sciencedirect.com/science/article/pii/S0959652616306850#!


[10] Elkelawy Medhat, “Experimental studies on the 

biodiesel production parameters optimization of 

sunflower and soybean oil mixture and DI engine 

combustion, performance, and emission analysis 

fueled with diesel/biodiesel blends,ˮFuel, Volume 255, 

1 November 2019, 115791. 

[11] Mohammad Bhuiya, Mohammad Rasul, Mohammad 

Khan, and Nanjappa Ashwath, “ Performance and 

emission characteristics of a compression ignition (CI) 

engine operated with beauty leaf biodiesel,ˮ 

ScienceDirect. Energy Procedia 160 (2019) p. 641–

647. 

[12] Hatkar, D.N., Salunke G.B., and Lawande V.R., “The 

Impact of Biodiesel-Diesel-  Ethanol as Fuel on Diesel 

Engine,ˮSSRG International Journal of Mechanical 

Engineering (SSRG-IJME)volume 2 Issue 5–May 

2015, ISSN: 2348 – 8360. 

[13] Kirankumar, S., R. Nagendrababu, and K. Apparao,      

“ Engine Performance and Emissions with Ethanol and 

Diesel-Biodiesel Blends,ˮ International Research 

Journal of Engineering and Technology (IRJET) e-

ISSN: 2395-0056. Volume: 02 Issue: 05 | Aug-2015. 

[14] Cundari Lia, L. N. Komariah, I. Maretha, and L. 

Septiana, “Temperature Distribution of Biodiesel 

Blends Combustion in Boiler using CFD-

Fluent,ˮInternational Journal on Advanced Science, 

Engineering and Information Technology, Vol.6 

(2016) No.1, pages:120-123, DOI:10.18517/ijaseit. 

6.1.680. 
[15] Kinoshita,E., Myo T., Hamasaki, K., and Nishi, S., 

“Combustion  characteristics of  diesel engine with 

coconut oil ethyl esters,ˮSAE technical paper. 2005. 

01-2021. 

[16] Rakopoulos, C.D., Hountalas, D.T., Giakoumis, E.G., 

and Andritsakis E.C. , “Performance and emissions of 

bus engine using blends of diesel fuel with bio-diesel 

of sun flower or cottonseed oils derived from Greek 

feedstock. EC,ˮ Fuel 2008. Vol. 87, P.147–57. 

[17] Haryono Ihwan, Muhammad Ma’ruf, and Hari 

Setiapraja, “Investigation on used oil and engine 

components of vehicles road test using twenty percent 

Fatty Acid Methyl Ester (B20),ˮInternational Journal 

Energy and Environmental  Volume 7, Issue 5, 2016, 

p.383-396. 

[18] Abdul Vakeel, Ajay Shetty, Aditya, and B. E Students, 
“Effect of Performance, Combustion and Emission 
Characteristics on A CI Engine Fueled with 
Calophyllum Inophyllum (Polanga) Biodiesel,ˮ 
International Journal of Engineering Research & 
Technology (IJERT) ISSN: 2278-0181 Vol. 8 Issue 
01, January-2019. 

[19] Bhele, S., Deshpande, N. and Thombre, S., 

“Experimental Investigations on Combustion 

Characteristics of Jatropha biodiesel (JME) and its 

Diesel Blends for Tubular Combustor Application,” 

Adv. Automob. Eng., vol. 05, no. 02, 2016. 

[20] Reddy, M., De Mello, J. A., Carmichael, C. A.. 

Peacock, E. E. Xu, .L. and Arey, J. S.,“Determination 

of Biodiesel Blending Percentages Using Natural 

Abundance Radiocarbon Analysis: Testing the 

Accuracy of Retail Biodiesel Blends,” Environ. Sci. 

Technol., vol. 42, no. 7, p. 2476–2482, Apr. 2008. 

[21] I. N. G. Wardana,“Combustion characteristic of 

jatropha oil methyl ester droplet in magnetic field”, 

International Journal of Academic Research, Vol. 3, 

No. 3, 2011. 

[22] Dony Perdana, L. Yuliati,  N. Hamidi, and I. N. G. 

Wardana,“The Role of Magnetic Field Orientation in 

Vegetable Oil Premixed Combustion,ˮJournal of 

Combustion 2020 (3):1-11· January 2020. 

 [23] I.N.G Wardana and I Zaky,“Combustion 

Characteristics of Jatropha-Oil Droplet,ˮ International 

Journal of Transport Phenomena, Volume 10, Issue 3, 

Publication date, 2008/9/1.     

 [24] H. Y. Nanlohy, I. N. G Wardana, N. Hamidi, and L. 

Yuliati,“Combustion characteristics of crude jatropha 

oil droplets using rhodium liquid as a homogeneous 

combustion catalyst,ˮInternational Conference on 

Chemistry and Material Science (IC2MS) 2017 IOP 

Publishing IOP Conf. Series: Materials Science and 

Engineering 299 (2017) 012090 doi:10.1088/1757 

899X/299/1/012090. 

[25] A.Wibowo, I.N.G. Wardana, S. Wahyudi, and W. 

Denny, “A comparative analysis of spray combustion 

of kapok seed oil and Jatropha oil as an alternative 

Biofuel,ˮJournal of Engineering Science and 

Technology 13(4):1111-1121· April 2018. 

[26] I. K. G. Wirawan, I. N. G.Wardana, R. Soenoko, and S. 

Wahyudi, “Premixed combustion ot coconut oil on 

perforated burner”, Int. Journal of Renewable Energy 

Development (IJRED) ISSN: 2252-4940, 2013. 

[27] I. K. G. Wirawan, I. N. G. Wardana, R. Soenoko, and 

S. Wahyudi, 2014,“Premixed Combustion of Kapok 

(ceiba pentandra) seed oil on Perforated Burner,ˮInt. 

Journal of Renewable Energy Development 3 (2) 

2014: 91-97 

[28] Muhaji, I. N. G. Wardana, L. Yulianti, and M. 

Nursasongko, “The Combustion Characteristics of 

Vegetable Oil Methyl Esters”. International Journal of 

Applied Engineering Research ISSN 0973-4562 

Volume 10, Number 4 (2015) p. 11209-11220 © 

Research India Publications, 2015. 

[29] Muhaji, I. N. G. Wardana, L.Yulianti, and M. 

Nursasongko, “Combustion of Pure, Hydrolyzed, 

Metyl Ester Formed of Jatropha Curcas Linn Oil”, Int. 

https://www.sciencedirect.com/science/article/pii/S0016236119311433#!
https://www.sciencedirect.com/science/journal/00162361
https://www.sciencedirect.com/science/journal/00162361/255/supp/C
http://ijaseit.insightsociety.org/index.php?option=com_content&view=article&id=7&Itemid=1&issue_id=34
http://ijaseit.insightsociety.org/index.php?option=com_content&view=article&id=7&Itemid=1&issue_id=34
https://www.researchgate.net/scientific-contributions/2151012587_Dony_Perdana
https://www.researchgate.net/profile/Lilis_Yuliati
https://www.researchgate.net/profile/Nurkholis_Hamidi
https://www.researchgate.net/scientific-contributions/77538000_I_N_G_Wardana
https://www.researchgate.net/scientific-contributions/77538000_I_N_G_Wardana
https://www.researchgate.net/journal/2090-1968_Journal_of_Combustion
https://www.researchgate.net/journal/2090-1968_Journal_of_Combustion
https://scholar.google.co.id/scholar?oi=bibs&cluster=268196847318102498&btnI=1&hl=en
https://scholar.google.co.id/scholar?oi=bibs&cluster=268196847318102498&btnI=1&hl=en
https://www.researchgate.net/scientific-contributions/2108606360_A_Wibowo
https://www.researchgate.net/scientific-contributions/77538000_ING_Wardana
https://www.researchgate.net/profile/Slamet_Wahyudi3
https://www.researchgate.net/profile/Widhiyanuriyawan_Denny
https://www.researchgate.net/profile/Widhiyanuriyawan_Denny
https://www.researchgate.net/journal/1823-4690_Journal_of_Engineering_Science_and_Technology
https://www.researchgate.net/journal/1823-4690_Journal_of_Engineering_Science_and_Technology


Journal of Renewable Energy Development (IJRED). 

Int. Journal of Renewable Energy Development 4 (3) 

2015:211-218, 2015. 

[30] Dee, V. and Shau B. D.,“Combustion of propanol-

glycerol mixture droplets in reduced gravity,ˮInt. J. 

Heat Mass Transfer. 2004. Vol. 47, p. 4857-486733.  

[31] Xu, G., Ikegami M., Honma, S., Ikeda K., and Ma X. 

Nagaishi H.,“Inverse influence of initial diameter on 

droplet burning rate in the hot and cold ambiences: a 

thermal action of flame in balance with heat loss,ˮ Int. 

J. Heat Mass Transfer. 2003.Vol. 46. p.1155-69. 



Comment dari Reviewer 2   IJASEIT tanggal  21 Mei, 2021 

The Effect of Fatty Acid Composition 

on Combustion Characteristics of Vegetable Oils 

Muhaji
1)

, I.N.G.Wardana 
2)

1) 
The Department of Mechanical Engineering, Universitas Negeri Surabaya, 

Ketintang Campus Surabaya 60231, East-Java, Indonesia 
E-mail: 1)muhaji61@unesa.ac.id, 

2)The Department of Mechanical Engineering, Universitas Brawijaya, 

Jl. Mayjen Haryono 167 Malang 65145, East-Java, Indonesia 
E-mail:2) wardana@ub.ac.id 

corresponding author: 081 332 535 600 

E-mail address: muhaji61@unesa.ac.id 

Abstract─ The purpose of this study is to elucidate the effect of fatty acid composition on the combustion characteristics of vegetable 

oil. In this study, the combustion characteristics of the oil were observed experimentally by burning single droplet on a heated 

stainless steel plate. The results show that vegetable oil droplet burned in three stages. In the first stage, unsaturated fatty acids were 

burned, followed by the burning of saturated fatty acids in the second stage and that of glycerol in the final stage. Unsaturated fatty 

acid and glycerol are highly explosive. The larger the number of unsaturated fatty acid component are, the higher the burning rate of 

the oil will be. 

Key words─ vegetable oils; fatty acid composition; flame; three stage combustion; explosion.

I. INTRODUCTION 

     Vegetable oils in general are triglyceride molecules 

consisting of glycerol with three carbon chains as the 

backbone and three branches of fatty acids. The fatty acids 

are good potential source for diesel oil. Fatty acid molecules 

contain carboxylic acid (COOH) and methyl ester (CH3) 

[1][2][4]. The properties of methyl esters from vegetable oils 

are almost similar to those of diesel oil [5]. When methyl 

esters (biodiesel) of vegetable oil is mixed with diesel oil to 

combustion in a DI engine, the emission of CO, HC, and 

SOx decreases [6][7][8][9][10] [11], and it works very well 

in diesel engines. In addition, it can be noted that it has 

some significant features of which the higher flash point, 

higher cetane number and higher oxygen content will be 

[9]. The combustion for bioethanol and biodiesel-diesel 

blends  in a DI engine significantly to reduce the particulate 

matter (PM) emissions from the diesel engine in terms of the 

emissions of NOx (nitrogen oxides), soot, and smoke, HC 

(hydrocarbon), and CO (carbon monoxide) [5][12][13]. The 

higher blend of the biodiesel, the temperature of combustion 

chamber will be lower, but the exhaust gas temperature at 

the end of the chimney is likely to increase [14]. As the 

viscosity of vegetable oil is very high compared to that of 

diesel oil, its direct application as a fuel for diesel engines is 

still problematic [2]. The viscosity of vegetable oil is very 

high because it contains saturated fatty acids, unsaturated 

fatty acids, and glycerol.  

    There have been several studies about methyl ester fatty 

acid as an additive to fuel [6][15]. The findings showed that 

oleic acid from coconuts is oxidized more rapidly than 

myristic and stearic acids. They also reported that methyl 

esters from coconut and cotton oils reduce fuel burning 

efficiency, torque, and emissions of CO2, HC, and other 

exhaust gases in diesel engines at 2000 rpm. However, the 

emission of NOx increases.  In addition, the mass flowing 

rate of vegetable oil is slightly lower than diesel, so their 

vaporization speeds and burning rates are lower than those 

of diesel [16]. Other researchers [16][17] [18] found that the 

addition of methyl esters from cotton oil decreases the 

engine efficiency and the vegetable oil methyl esters could 

be used to replace diesel without modifying diesel engines. 

Besides used for burning fuel premix biodiesel can also be 

used for burning diffuse as for stove, fuel turbine, and 

boiler. The opinion was supported by the results of the study 

[19] which indicates biodiesel can be promising alternative 

fuel for power plants and gas turbine to replace the fossil 

fuels. Meanwhile, analysis of radiocarbon abundance natural 

found that a mixture of biodiesel passed in the pass the 

specifications needed the department of defense united 

states to mix that is 20 % biodiesel. [20] 

     The research on diffusion and premixed combustion of 

vegetable oil has been done by some researchers, namely the 

combustion of Jatropha oil process by magnetic field these 

two actions is the abrupt increase of the flame size growth 

and contraction rate [21], while another research shows the 
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role of magnetic field orientation in vegetable oil premixed 

combustion, showing that the magnetic field increased the 

laminar burning velocity[22].  The research [2][23][24] 

show the combustion of Jatropha oil droplet performs two 

steps of combustion, fatty acid burned in the first step and 

glycerol in the second step. The on-set of micro-explosion 

occurs shortly before the second step combustion, and it 

becomes more frequent as the oil temperature increases. On 

the other hand, it is explained that the combustion kapok 

(cotton) seed oil and Jatropha oil there is one combustion 

stage in the kapok seed oil and four combustion stages in 

Jatropha oil [25]. In addition, a study shows that the burning  

velocity of  the premixed combustion of pure and 

hydrolyzed coconut oil decreases when the equivalent ratio 

increases [26]. Without glycerol, laminar flame velocity 

becomes higher and more stable as perforated flame is at 

higher φ. At rich mixture the Bunsen flame becomes 

unstable and performs petal cellular flame. Further to  [27] 

reported kapok seed oil premixed combustion showed that at 

very lean mixture Bunsen flame is performed on every hole 

of perforated plate. Bunsen flame decreases when equivalent 

ratio increases. Both open tip Bunsen and triple flame were 

formed at higher equivalent ratio. The research on the flame 

characteristics of coconut oil methyl esters were found to be 

the most dissimilar to those of diesel oil [28]. Jatropha 

curcas Linn oil methyl ester had the fastest combustion 

process of the vegetable oil methyl esters and the slowest 

was that of coconut oil methylesters. In addition, [29] the 

combustion of pure Jatropha curcas Linn oil, hydrolyzed 

Jatropha curcas Linn oil methyl ester occurred in three 

stages, two stages and one stages respectively. One 

explosion occured in the pure Jatropha curcas Linn oil, due 

to its high content of unsaturated fatty acid.  

     It is believed that the fundamental combustion 

characteristics of vegetable oils as fuel additives in diesel 

engines should be intensively studied. High boiling point 

differences in propanol and glycerol combustion at a low 

gravity condition may cause flame contraction and micro 

explosion [30]. Therefore, it is predicted that such micro 

explosion also occurs in vegetable oils because they contain 

fatty acids and glycerol, which have very high different 

boiling and flash points. Furthermore, three long chains of 

fatty acid are connected to glycerol as combustion 

characteristics of vegetable oils are very different from those 

of propanol and glycerol mixture. Moreover, water from 

burned vegetable oils causes a hydrolysis reaction which 

breaks up triglyceride molecule into fatty acids and glycerol. 

In addition, the fatty acids and glycerol will burn separately 

and have different burning times [2]. The purpose of this 

study is to elucidate the combustion characteristics of 

vegetable oils (Ceiba pentandra, Jatropha curcas Linn, 

cotton, and coconut oils) which is important as the 

alternative major source of fuel.  

II. MATERIALS AND METHOD

A. The Chemical Structure and Properties of Vegetable Oil 

     Vegetable oil is composed of triglyceride molecules 

consisting of glycerol with three carbon chains as the 

backbone and three branches of fatty acids with 18 or 16 

carbon chains. Most triglyceride molecules contain atoms of 

carbon and hydrogen with only six oxygen atoms per 

molecule which means the contents of vegetable oils are 

similar to those of petroleum hydrocarbons. Therefore, 

vegetable oil is a good alternative source of fuel and 

triglyceride is eminently suitable as the fuel. During 

combustion, triglyceride is hydrolyzed from the ester. The 

hydrolysis reaction yields glycerol and three fatty acids 

which are carboxyl acids. 

     The chemical composition of the vegetable oil was tested 

by Gas Chromatography (GC) and the results are shown in 

Table 1. The dominant components in Ceiba pentandra oil 

are linoleic, palmitic, and oleic fatty acids as well as 

glycerol. Jatropha curcas Linn oil has oleic, linoleic, lauric, 

palmitic, and stearic fatty acids. Meanwhile, cotton oil has 

oleic, linoleic, palmitic, and stearic fatty acids and coconut 

oil contains lauric, myristic, palmitic and oleic fatty acids. 

Table 1 shows that Ceiba pentandra oil is composed of 

30.17% saturated fatty acid, 57.20% unsaturated fatty acid, 

and 9.87% glycerol. The composition of Jatropha curcas 

Linn oil is 30.97% saturated fatty acid, 62.61% unsaturated 

fatty acid, and 3.94% glycerol. Cotton oil consists of 

29.97% saturated fatty acid, 63.23% unsaturated fatty acid, 

and 4.32% glycerol. Meanwhile, the composition of coconut 

oil is 65.26% saturated fatty acid, 27.25% unsaturated fatty 

acid, and 3.54% glycerol. Flash point of the vegetable oils 

increases with the increase of saturated fatty acid content. 

The flash point of saturated fatty acids and unsaturated fatty 

acids varies from 176
o
C-208

o
C and 61

o
C-85

o
C, respectively, 

whereas the flash point of glycerol is 345
o
C due to the fact 

that saturated fatty acids have a single bond on their 

hydrocarbon chain; it is a zigzag, which can pair acids 

causing strong Van der Waals attraction force between 

molecules. It needs more energy to separate the molecules, 

so that the melting point and flash point of saturated fatty 

acids are high. Unsaturated fatty acids have one or more 

double bonds in their hydrocarbon chains.  The double bond 

will react easily with oxygen. The Van der Waals attraction 

force between the molecules decreases with the increase of 

the amount of unsaturated molecules in fatty acids. It needs 

less energy to break up the molecules, so its melting point 

and flash point are lower. The position of a double bond 

determines the power of the reaction.  Reaction with oxygen 

will easily occur when the double bond gets closer to the tip, 

so that the unsaturated molecule becomes more flammable; 

whereas, glycerol very strong  hydrogen  bonds  between  

the molecules. This causes very strong Van der Waals 

attraction forces between the molecules; thus, the melting 

point and flash point are very high. 



TABLE I 
CHEMICAL COMPOSITION OF VEGETABLE OILS 

Chemical Composition 

Types 

Chemical Formulas 

Chemical 

Bond 

Structures 

Flash Points 

(oC) 

Chemical Oil Compositions (%) 

Ceiba 

pentandra 

Oil 

Jatropha 

curcas Linn 

Oil 

Cotton  

Oil 

Coconut 

Oil 

Saturated 

Fatty Acids 

Caprylic CH3(CH2)6COOH 8:0 176 - 1.70 - 3.07 

Capric CH3(CH2)8COOH 10:0 181 - 1.66 - 3.59 

Lauric CH3(CH2)10COOH 12:0 185 - 7.71 0.54 31.43 

Myristic CH3(CH2)12COOH 14:0 196 - 5.29 0.98 13.26 

Palmitic CH3(CH2)14COOH 16:0 201 22.50 11.45 21.13 9.32 

Stearic CH3(CH2)16COOH 18:0 206 7.67 3.16 7.32 4.50 

Arachidic CH3(CH2)18COOH 20:0 208 - - - 0.09 

Unsaturated 

Fatty Acids 

Oleic CH3(CH2)7CH=(CH2)8COOH 18:1 80 19.38 30.38 20.14 17.51 

Linoleic CH3(CH2)4(CH=CHCH2)2(CH2)6 COOH 18:2 77 36.62 32.23 43.09 9.69 

Linolenic CH3(CH2)(CH=CHCH2)3CH2)6 COOH 18:3 61 1.20 - - 0.05 

Eicosanoic CH3(CH2)5CH=CH(CH2)11COOH 20:1 85 - - - 0.05 

Glycerol 

Gum 

Water 

C3H5(OH)3 3:0 345 9.87 3.94 4.32 3.54 

C(CH2OH)4 5:0 275 2.69 2.02 2.12 3.89 

H2O - - 0.06 0.45 0.36 0.05 

Total Saturated Fatty Acids 30.27 30.97 29.97 65.26 

Total Unsaturated Fatty Acids 57.20 62.61 63.23 27.25 

Total Fatty Acids 87.37 93.58 93.20 92.51 

     The main physical properties (density, kinematic 

viscosity, flash point, heating values and pH) of vegetable 

oils and diesel oil are shown in Table 2. 

TABLE II 
PHYSICAL PROPERTIEA OF VEGETABLE OILS COMPARED TO DIESEL OIL 

Properties Methods Instruments Models 

Value 

Ceiba 

pentandra 

Oil 

Jatropha 

curcas Linn 

Oil 

Cotton  

Oil 

Coconut 

Oil 

Diesel 

Oil 

Density to T=30oC 

(kg/m3) 

D1298 Hydrometer 
Nikki, Japan 

974 921 955 936 849 

Kinematic Viscosity to 

T=30oC (cSt) 

D445 Kinematic 

Viscometer 

Leybold Didactic, 

Germany 

45.55 35.48 41.65 55.55 7.05 

Flash Point (oC) D93 Pensky-Martens 

Closed Cup Tester 

Leybold Didactic, 

Germany 

260 240 250 265 60 

Heating Value (kcal/kg) D240 Bomb Calorimeter Parr Instrument UAS 9700.56 9860.25 9335.87 9698.97 11307.25 

pH D6423 pHep Tester HANNA Instrument 

UAS 

5.0 4.5 4.0 6.0 6.6 

B. Experimental Apparatus and Measurement Techniques 

     The experiments were performed using experimental 

apparatus which is schematically shown in Fig. 1. 

Vegetables were dripped on a heated stainless steel plate. 

The plate thickness was 0.3 mm and its diameter was 35 

mm. The plate was heated from below by a heater to a 

temperature of 270
o
C. The measurement of the plate 

temperature was carried out with a thermocouple and data 

logger with measurement range of -200
o
C to 1372

o
C and 

accuracy of ± 0.35
o
C. The distance from the thermometer to 

the heated  plate was about 300 mm. Vegetable oil droplet 

had an initial diameter of 1.75 mm at the room temperature. 

Droplet diameter and flame dimension were measured using 

ImageJ program. Flame image was recorded with a high 

speed Casio ZR 200 camera at 420 frame/s. Data of flame 

images were captured by a CCD camera connected to a 

VCR and then the VCR data were transferred to JPG 

converter program, which gave the final image files in the 

process sequential data reduction.  To identify the flame 

height and width, Imagej program was utilized. The oil 

droplet burning time was determined from the number of 

the recorded frames, which were multiplied by the time 

period between each frame, i.e., 0.00238 s. The oil droplet 

burning rate was determined from the volume of the 

droplets divided by burning time. Flame explosion was 

visualized  from the evolution of the flames, and the 

explosion time was obtained from the flame evolution 

images in the frames multiplied by the time of each frame, 

i.e., 0.00238 s. Measurements of flame height and width of 



all oil types were repeated up to three times as shown in 

Figs. 3. All measurement data show the same trend 

indicating that an oil droplet burns in three stages. 

Fig. 1. Experimental Apparatus: (1) L P G, (2) Gas house, (3) Lighters, (4) ON/OF, (5) Combustion chamber with glass walls, (6) Stainless steel plate,      

(7) Heater, (8) Vegetable oil droplet, (9) CCD Camera, (10) Micropipette, (11) The smoke exhaust, (12) Thermocouple, (13) Data logger, and (14) Computer 

III. RESULTS AND DISCUSSION

A. The Burning Stages 

Figs. 2, 4, 6, and 8 show the combustion stages of 

vegetable oil. The results are compared with those for diesel 

oil as seen in Fig. 10. The flame size evolution of vegetable 

oil droplets is shown in Figs. 3, 5, 7, and 9, and compared 

with the flame size evolution of diesel oil in Fig. 11. 

Fig. 2 Flame evolution of Ceiba pentandra oil (s) 

Fig.3 Flame height evolution of Ceiba pentandra oil (mm) 

Fig.4 Flame evolution of Jatropha curcas Linn oil (s) 



Fig. 5 Flame height evolution of Jatropha curcas Linn oil (mm) 

Fig. 6 Flame evolution of cotton oil (s) 

Fig. 7  Flame height evolution of cotton oil (mm) 

Fig. 8. Flame evolution of coconut oil (s) 

Fig.9 Flame height evolution of coconut oil (mm) 

Fig.10 Flame evolution of diesel oil (s) 



Fig. 11 Flame height evolution of diesel oil (mm) 

     Figs. 2-11 show that the combustion process of vegetable 

oils has different flame characteristics from those of diesel 

oil. Vegetable oils burn in three stages, which are 

combustion stage of unsaturated fatty acids, saturated fatty 

acids, and glycerol. Unsaturated fatty acids (mono 

unsaturated and polyunsaturated fatty acids) are burned in 

the first stage since it has the lowest flash point, then the 

saturated fatty acids are burned in the second stage because 

its flash point is higher, and glycerol is burned in the third 

stage for the highest flash point (Table 1). On the other 

hand, diesel oil burns completely within a very short time in 

one stage. The influence of the flash point on the 

combustion time has been reported [3][31], that the decrease 

of the oil flash point reduces the combustion time. The 

unsaturated fatty acids were reported to have faster reaction 

rate that make it burn earlier. A similar result of multi stage 

combustion for vegetable oil was also reported [2][28] that 

explained that Jatropha curcas Linn oil burns at the junction 

of thermocouple undergoing a two-stage combustion; fatty 

acids are burned in the first stage, and then glycerol is 

burned in the second stage. Diesel oil combustion, however, 

is completed in merely one stage because it contains olefin, 

aromatics, and paraffin hydrocarbons, which are unstable, 

highly reactive, having low flash points and a lot quicker 

combustion. The constituent components of vegetable oils 

have very different value of the flash and boiling points as 

well as reactive properties. The constituent components 

burn individually and require a longer time. Figs. 2 to 9 also 

reveal that oils with a lower unsaturated fatty acid content 

have the darkest flame color (weaker luminosity) and the 

longest combustion time. This fact indicates that unsaturated 

fatty acids in vegetable oil are highly reactive. 

B. The Explosion Mechanism 

     The explosion mechanism of the vegetable oil droplets 

burned on the hot stainless steel plate was recorded by 

means of a high speed CCD Camera and is shown in      

Figs. 12, 13, 14, and 15. Fig. 16 shows the flame width of 

vegetable oils compared to that of diesel oil. The sudden 

enlargement of the flame indicates flame explosion. 

(a)                                       (b) 
Fig. 12 The explosion flame of ceiba pentandra oil, (a) first explosion and 

(b) second explosion (s) 

Fig. 13 The explosion flame of Jatropha curcas Linn oil (s) 

Fig. 14 The explosion flame of cotton oil (s) 

Fig.15 The explosion flame of diesel oil (s) 



Fig. 16 Flame width of vegetable and diesel oils (s) 

The explosion of vegetable oil is caused by unsaturated fatty 

acids and glycerol; whereas, in diesel oil, it is caused by 

unsaturated hydrocarbons. For Ceiba pentandra oil (Figs. 

12 and 16), two small explosions occurred at 0.036
th
 and 

1.840
th
 seconds, respectively.  In Jatropha curcas Linn oil 

(Figs. 13 and 16), one small explosion took place at the 

0.038
th
 second. Cotton oil (Figs. 14 and 16) had one small 

explosion lasting for 0.043 second. Table 1 shows that 

Ceiba pentandra oil contains 57.20% unsaturated fatty acid 

and 9.87% glycerol; Jatropha curcas Linn oil consists of 

62.61% unsaturated fatty acid and of 3.94% glycerol, and 

then cotton oil consists of 63.23% unsaturated fatty acid and 

4.32% glycerol. The first explosion at the Ceiba petandra 

was caused by unsaturated fatty acids, while the second 

explosion was caused by a high glycerol contents (9.87%). 

This is due to the fact that unsaturated fatty acids and 

glycerol are unstable and highly reactive at high 

temperature; both of them are highly explosive. On 

Jatropha curcas Linn, cotton, and coconut oils, glycerol 

combustion did not spark the second explosion because their 

glycerol contents were relatively small. 

     When vegetable oil burns, its water content hydrolyses 

the oil to break up into glycerol and fatty acids. For coconut 

oil (fig. 16), explosion did not occur, as it consists of very, 

little 27.25% of unsaturated fatty acids and 65.26% of 

saturated fatty acid (Table 1). Saturated fatty acid is stable 

with high flash point. Besides, it burns slowly. Diesel oil 

(figs. 15 and 16) has one small explosion, which is much 

smaller than that of vegetable oils lasting for 0.069s. It is 

seen from figure 16 that jatropha curcas linn oil flame 

characteristics most closely resemble those of diesel oil. The 

combustion of diesel oil was enhanced by its high content of 

75% unsaturated hydrocarbons (aromatic hydrocarbon and 

olefin hydrocarbon). Aromatic and olefin hydrocarbons are 

unstable and highly reactive. Wardana [2] and Muhaji, et. al  

[29] has found that in jatropha curcas lin oil, micro 

explosions occurred between the first step combustion of 

fatty acids and the second step burning of glycerol. 

Explosions were also reported when glycerol and propanol 

burned at low gravity [31].  

C. Burning Rate 

     The rates of vegetable oil combustion compared to diesel 

oil are shown in Fig. 17. The combustion rate occurred 

sequentially from high to low, starting from Jatropha 

curcas linn oil at 0.00248 cc/s, cotton oil at 0.00161 cc/s, 

Ceiba pentandra oil at 0.00105 cc/s, and coconut oil at 

0.00074 cc/s, respectively. Meanwhile, the diesel oil has a 

combustion rate of  0.00352 cc/s. The burning rate of 

vegetable oil is influenced by several factors, such as flash 

point of fatty acids (Table 1), unsaturated fatty acid content 

as well as dissociation energy of fatty acid bond. The 

burning rate of vegetable oil increases with the decrease of 

the flash point of the fatty acids; its value also increases 

with the increase of the unsaturated fatty acid content. The 

third, vegetable oils with more unsaturated fatty acid content 

have less dissociation bond energy, so the chemical bonds 

can break up easily, and the oil flammability is greater. 



Fig. 17 The droplet burning rates of vegetable and diesel oils (cc/s) 

IV.CONCLUSION 

     The experiments concerning vegetable oil droplet 

combustion on a hot stainless steel plate, which were 

recorded by the high speed camera, allow drawing some 

conclusions. First, the vegetable oil is burned in three stages 

which are burning of unsaturated fatty acids, saturated fatty 

acids and glycerol at the first, second and third stage, 

respectively. 

Compared to Ceiba pentandra, cotton and coconut oils, 

the combustion characteristics of Jatropha curcas linn oil 

resemble the most those of diesel oil. Burning of Ceiba 

pentandra oil has two small explosions, while Jatropha 

curcas linn, cotton seed, and diesel oils have only one small 

explosion, and no explosion occurs during the coconut oil 

burning. The burning rate of the vegetable oil droplet is 

influenced by the flash points, fatty acid content, and 

dissociation energy of fatty acid bond. 
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Abstract— Vegetable oil is triglyceride molecules consisting of glycerol with three carbon chains as the backbone and three branches of 

fatty acids. Fatty acid molecules contain carboxylic acid and methyl ester (biodiesel). The properties of methyl esters from vegetable 

oils are almost similar to those of diesel oil. Therefore, fatty acids are a good potential source for diesel oil. This study aims to elucidate 

the effect of fatty acid composition on the combustion characteristics of vegetable oil. In this study, the combustion characteristics of 

the oil were observed experimentally by burning a single droplet on a heated stainless-steel plate. The results show that vegetable oil is 

burned in three stages: burning unsaturated fatty acids, saturated fatty acids, and glycerol at the first, second, and third stages, 

respectively. Compared to ceiba pentandra, cotton, and coconut oils, the combustion characteristics of jatropha curcas linn oil resemble 

most of the diesel oil. The burning of ceiba pentandra oil has two small explosions, while jatropha curcas linn, cottonseed, and diesel oils 

have only one small explosion, and no explosion occurs during the coconut oil burning. Unsaturated fatty acids and glycerol are highly 

explosive. The burning rate of the vegetable oil droplet is influenced by the flashpoints, fatty acid content, and dissociation energy of 

fatty acid bonds. The larger the number of the unsaturated fatty acid component, the higher the burning rate of the oil. 
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I. INTRODUCTION

Vegetable oils, in general, are triglyceride molecules 

consisting of glycerol with three carbon chains as the 

backbone and three branches of fatty acids. Fatty acids are a 

good potential source for diesel oil. Fatty acid molecules 

contain carboxylic acid (COOH) and methyl ester (CH3) [1]–

[7]. The properties of methyl esters from vegetable oils are 
almost similar to those of diesel oil [3]. When methyl esters 

(biodiesel) of vegetable oil are mixed with diesel oil for 

combustion in a DI engine, the emission of CO, HC, and SOx 

decreases [8]–[15], and it works very well in diesel engines. 

In addition, it can be noted that it has some significant features 

of which the higher flash point, higher cetane number, and 

higher oxygen content will be [8]. The combustion for 

biodiesel-diesel blends in a DI engine significantly reduces 

the particulate matter (PM) emissions from the diesel engine 

in terms of the emissions of nitrogen oxides (NOx), soot, and 

smoke [10]–[14]. The higher the biodiesel blend, the 
temperature of the combustion chamber will lower the 

exhaust gas temperature at the end of the chimney, which is 

likely to increase [13]. 

There have been several studies about methyl ester  fatty 

acid as an additive to fuel [16]. The findings showed that oleic 

acid from coconuts is oxidized more rapidly than myristic and 

stearic acids. The methyl ester (biodiesel) reduces fuel-

burning efficiency, power, torque, and thermal efficiency [9], 

[15], [17]. However, the specific fuel consumption increased. 

Other researchers [18]–[20] found that the addition of methyl 

esters-diesel blends up to B30 decreases the engine 

efficiency and could be used to replace diesel oil without 
modifying diesel engines. 

It is believed that the fundamental combustion 

characteristics of vegetable oils as fuel additives in diesel 

engines should be intensively studied. High boiling point 

differences in propanol and glycerol combustion at a low 

gravity condition may cause flame contraction and micro 

explosion [21]. Therefore, it is predicted that such micro 

explosion also occurs in vegetable oils because they contain 

fatty acids and glycerol, which have very high different 

boiling and flashpoints. Furthermore, three long chains of 
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fatty acid are connected to glycerol as combustion 

characteristics of vegetable oils are very different from those 

of propanol and glycerol mixture. Moreover, water from 

burned vegetable oils causes a hydrolysis reaction that breaks 

up triglyceride molecules into fatty acids and glycerol. In 

addition, the fatty acids and glycerol will burn separately and 

have different burning times [1]. While another research 

shows the role of magnetic field orientation in vegetable oil 

premixed combustion, showing that the magnetic field 

increased the laminar burning velocity [22]. In addition, the 

combustion of pure jatropha curcas linn oil, hydrolyzed 
jatropha curcas linn oil, and methyl ester jatropha curcas linn 

occurred in three stages, two stages and one stage, 

respectively [23]. One explosion occurred in the pure 

jatropha curcas linn oil due to its high unsaturated fatty acid 

content. The combustion of jatropha oil droplet performs two 

steps of combustion; fatty acid burned in the first step and 

glycerol in the second step [1], [4], [7]. The on set of micro-

explosion occurs shortly before the second step of combustion, 

and it becomes more frequent as the oil temperature increases. 

Thus, this study aims to elucidate the combustion 

characteristics of vegetable oils (ceiba pentandra, jatropha 
curcas linn, cotton, and coconut oils), which are important as 

the major alternative source of fuel. 

II. MATERIALS AND METHODS  

A. The Chemical Structure and Properties of Vegetable Oil 

Vegetable oil is composed of triglyceride molecules 

consisting of glycerol with three carbon chains as the 

backbone and three branches of fatty acids with 18 or 16 

carbon chains. Most triglyceride molecules contain atoms of 

carbon and hydrogen with only six oxygen atoms per 

molecule which means the contents of vegetable oils are 
similar to those of petroleum hydrocarbons. Therefore, 

vegetable oil is a good alternative fuel source, and triglyceride 

is eminently suitable as the fuel. During combustion, 

triglyceride is hydrolyzed from the ester. The hydrolysis 

reaction yields glycerol and three fatty acids, which are 

carboxyl acids. 

The chemical composition of the vegetable oil was tested 

by Gas Chromatography (GC), and the results are shown in 

Table 1. The dominant components in ceiba pentandra oil are 

linoleic, palmitic, and oleic fatty acids and glycerol. jatropha 

curcas linn oil has oleic, linoleic, lauric, palmitic, and stearic 
fatty acids. Meanwhile, cotton oil has oleic, linoleic, palmitic, 

and stearic fatty acids, and coconut oil has lauric, myristic, 

palmitic, and oleic fatty acids.  

TABLE I 

CHEMICAL COMPOSITION OF VEGETABLE OILS 

Chemical Composition 

Types 
Chemical Formulas 

Chemical 

Bond 

Structures 

Flash 

Points (oC) 

Chemical Oil Compositions (%) 

Ceiba 

pentandra Oil 

Jatropha 

curcas Linn 

Oil 

Cotton Oil 
Coconut 

Oil 

Saturated 

Fatty Acids 

Caprylic CH3(CH2)6COOH   8:0 176   - 1.70  -  3.07 

Capric CH3(CH2)8COOH   10:0 181   - 1.66  -  3.59 

Lauric CH3(CH2)10COOH   12:0 185   - 7.71  0.54  31.43 

Myristic CH3(CH2)12COOH   14:0 196   - 5.29  0.98  13.26 

Palmitic CH3(CH2)14COOH   16:0 201   22.50 11.45  21.13  9.32 

Stearic CH3(CH2)16COOH   18:0 206  7.67 3.16  7.32  4.50 

Arachidic CH3(CH2)18COOH   20:0 208   - -  -  0.09 

Unsaturated  

Fatty Acids 

Oleic CH3(CH2)7CH=(CH2)8COOH   18:1 80   19.38 30.38  20.14  17.51 

Linoleic CH3(CH2)4(CH=CHCH2)2(CH2)6 COOH   18:2 77   36.62 32.23  43.09  9.69 

Linolenic CH3(CH2) (CH=CHCH2)3CH2)6 COOH   18:3 61   1.20 -  -  0.05 

Eicosanoic CH3(CH2)5CH=CH(CH2)11COOH   20:1 85   - -  -  0.05 

Glycerol 

Gum Water 

C3H5(OH)3   3:0 345   9.87 3.94  4.32  3.54 

C(CH2OH)4   5:0 275   2.69 2.02  2.12  3.89 

H2O   - -   0.06 0.45  0.36  0.05 

Total Saturated Fatty Acids 30.27 30.97 29.97 65.26 

Total Unsaturated Fatty Acids 57.20 62.61 63.23 27.25 

Total Fatty Acids 87.37 93.58 93.20 92.51 

 

Table 1 shows that ceiba pentandra oil comprises 30.17% 
saturated fatty acid, 57.20% unsaturated fatty acid, and 9.87% 

glycerol. The jatropha curcas linn oil composition is 30.97% 

saturated fatty acid, 62.61% unsaturated fatty acid, and 3.94% 

glycerol. Cotton oil consists of 29.97% saturated fatty acid, 

63.23% unsaturated fatty acid, and 4.32% glycerol. 

Meanwhile, the composition of coconut oil is 65.26% 

saturated fatty acid, 27.25% unsaturated fatty acid, and 3.54% 

glycerol. Flashpoint of the vegetable oils increases with the 

increase of saturated fatty acid content. The flashpoint of 

saturated fatty acids and unsaturated fatty acids varies from 

176oC-208oC and 61oC-85oC, respectively, whereas the 
flashpoint of glycerol is 345oC because saturated fatty acids 

have a single bond on their hydrocarbon chain; it is a zigzag, 

which can pair acids causing strong Van Der Waals attraction 

force between molecules. It needs more energy to separate the 
molecules, so that the melting point and flash point of 

saturated fatty acids are high. Unsaturated fatty acids have one 

or more double bonds in their hydrocarbon chains.  The 

double bond will react easily with oxygen. The Van Der 

Waals attraction force between the molecules decreases with 

the number of unsaturated molecules in fatty acids. It needs 

less energy to break up the molecules, so its melting point and 

flash point are lower. The position of a double bond 

determines the power of the reaction.  Reaction with oxygen 

will easily occur when the double bond gets closer to the tip 

so that the unsaturated molecule becomes more flammable, 
whereas glycerol has very strong hydrogen bonds between the 

molecules. This causes very strong Van Der Waals attraction 
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forces between the molecules; thus, the melting point and 

flash point are very high.  

The main physical properties (density, kinematic viscosity, 

flash point, heating values, and pH) of vegetable oils and 

diesel oil are shown in Table 2. 

TABLE II 

PHYSICAL PROPERTIES OF VEGETABLE OILS AND DIESEL OIL 

Properties Methods Instruments Models 

Value 

Ceiba 

pentandra 

Oil 

Jatropha 

curcas 

Linn Oil 

Cotton 

Oil 

Coconut 

Oil 
Diesel Oil 

Density to T=30oC 

(kg/m3) 

D1298 Hydrometer 
Nikki, Japan 

974 921 955 936 849 

Kinematic Viscosity 

to T=30oC (cSt) 

D445 Kinematic 

Viscometer 

Leybold Didactic, 

Germany 

45.55 35.48 41.65 55.55 7.05 

Flash Point (oC) D93 Pensky-Martens 

Closed Cup 

Tester 

Leybold Didactic, 

Germany 

260 240 250 265 60 

Heating Value 

(kcal/kg) 

D240 Bomb 

Calorimeter 
Parr Instrument UAS 

9700.56 9860.25 9335.87 9698.97 11307.25 

pH D6423 pH Tester HANNA Instrument 

UAS 

5.0 4.5 4.0 6.0 6.6 

 

B. Experimental Apparatus and Measurement Techniques 

The experiments were performed using experimental 

apparatus which is schematically shown in Fig. 1. Vegetables 

were dripped on a heated stainless-steel plate. The plate 

thickness was 0.3 mm, and its diameter was 35 mm. The plate 

was heated from below by a heater to a temperature of 270oC. 

The measurement of the plate temperature was carried out 

with a thermocouple and data logger with a measurement 
range of -200oC to 1372oC and accuracy of ± 0.35oC. The 

distance from the thermometer to the heated plate was about 

300 mm. Vegetable oil droplets had an initial diameter of 1.75 

mm at room temperature. Droplet diameter and flame 

dimension were measured using the ImageJ program. The 

flame image was recorded with a high-speed Casio ZR 200 

camera at 420 frame/s. Data of flame images were captured 

by a CCD camera connected to a VCR, and then the VCR data 

were transferred to the JPG converter program, which gave 

the final image files in the process sequential data reduction. 

ImageJ program was utilized to identify the flame height and 
width. The oil droplet burning time was determined by the 

number of recorded frames multiplied by the time period 

between each frame, i.e., 0.00238 s. 

 

 
Fig. 1  Experimental apparatus: (1) lpg, (2) gas house, (3) lighters, (4) on/of, 

(5) combustion chamber with glass walls, (6) stainless steel plate, (7) heater, 

(8) vegetable oil droplet, (9) ccd camera, (10) micropipette, (11) the smoke 

exhaust, (12) thermocouple, (13) data logger, and (14) computer 

The oil droplet burning rate was determined from the volume 

of the droplets divided by burning time. The flame explosion 

was visualized from the evolution of the flames, and the 

explosion time was obtained from the flame evolution images 

in the frames multiplied by the time of each frame, i.e., 

0.00238 s. All measurement data show the same trend 

indicating that an oil droplet burns in three stages.  

 

 
Fig. 2 Flow chart of the research 

III. RESULT AND DISCUSSION 

A. The Burning Stages 

Figs. 3, 4, 5, and 6 show the combustion stages of 

vegetable oil. The results are compared with diesel oil, as seen 

in Fig. 7. The flame size evolution of vegetable oil droplets is 

shown in Figs. 8, 9, 10, and 11, compared with the flame size 

evolution of diesel oil in Fig. 12. Fig. 3 until Fig. 12 shows 
that the vegetable oil combustion process has different flame 

characteristics from diesel oil. Vegetable oils burn in the 

combustion stage of unsaturated fatty acids, saturated fatty 

acids, and glycerol. Unsaturated fatty acids (monounsaturated 

and polyunsaturated fatty acids) are burned in the first stage 

since it has the lowest flashpoint, then the saturated fatty acids 

are burned in the second stage because its flash point is higher, 

and glycerol is burned in the third stage for the highest flash 

point (Table 1). On the other hand, diesel oil burns completely 

within a very short time in one stage. The influence of the 

flashpoint on the combustion time has been reported by 
Wardana et al. [2] and Xu et al. [24] that the decrease of the 

oil flash point reduces the combustion time. The unsaturated 

fatty acids were reported to have a faster reaction rate, making 

them burn earlier. A similar result of multi-stage combustion 

for vegetable oil was also reported by Wardana et al. [1], 

which explained that Jatropha curcas linn oil burns at the 

junction of thermocouples undergoing two-stage combustion; 

Vegetable oil (ceiba 

pentandra, jatropha curcas, 

cotton, coconut) 

Chemical composition and 

physical properties tested 

Experiment (combustion 

oil droplet) 

Data Analysis and 

discussion 

Conclusion 
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fatty acids are burned in the first stage, and then glycerol is 

burned in the second stage. On the other hand, it is explained 

that in the combustion of cottonseed oil and jatropha oil, there 

is one combustion stage in the cottonseed oil and four 

combustion stages in jatropha oil [25]. Diesel oil combustion, 

however, is completed in merely one stage because it contains 

olefin, aromatics, and paraffin hydrocarbons, which are 

unstable, highly reactive, having low flash points and a lot 

quicker combustion. The constituent components of vegetable 

oils have hugely different value of the flash and boiling points 

as well as reactive properties. The constituent components 

burn individually and require a longer time. Figs. 3 to 10 also 

reveal that oils with a lower unsaturated fatty acid content 

have the darkest flame color (weaker luminosity) and the 

longest combustion time. This fact indicates that unsaturated 

fatty acids in vegetable oil are highly reactive. 

 

 
Fig. 3  Flame evolution of ceiba pentandra oil (s) 

 

 
Fig.4  Flame evolution of jatropha curcas linn oil (s) 

 

 
Fig. 5  Flame evolution of cotton oil (s) 

 

 
Fig. 6  Flame evolution of coconut oil (s) 

 

 

 
Fig. 7 Flame evolution of diesel oil (s)  

 

 

Fig.8  Flame height evolution of ceiba pentandra oil (mm) 

 

 

Fig. 9 Flame height evolution of jatropha curcas linn oil (mm) 
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Fig. 10  Flame height evolution of cotton oil (mm) 

 

 

Fig. 11  Flame height evolution of coconut oil (mm) 

 

 

Fig. 12  Flame height evolution of diesel oil (mm) 

B. The Explosion Mechanism 

The explosion mechanism of the vegetable oil droplets 

burned on the hot stainless steel plate was recorded by means 

of a high-speed CCD Camera and is shown in Figs. 13, 14, 15, 

and 16. Fig. 17 shows the flame width of vegetable oils 

compared to that of diesel oil. The sudden enlargement of the 

flame indicates a flame explosion. The explosion of vegetable 

oil is caused by unsaturated fatty acids and glycerol, whereas, 

in diesel oil, it is caused by unsaturated hydrocarbons.  For 

ceiba pentandra oil (Figs. 13 and 17), two small explosions 
occurred at 0.036th and 1.840th seconds, respectively.  In 

jatropha curcas linn oil (Figs. 14 and 17), one small explosion 

took place at the 0.038th second. Cotton oil (Figs. 15 and 17) 

had one small explosion lasting for 0.043 second. Table 1 

shows that ceiba pentandra oil contains 57.20% unsaturated 

fatty acid and 9.87% glycerol; jatropha curcas linn oil 

consists of 62.61% unsaturated fatty acid and 3.94% glycerol, 

and then cotton oil consists of 63.23% unsaturated fatty acid 

and 4.32% glycerol. The first explosion at the ceiba petandra 

was caused by unsaturated fatty acids, while the second 

explosion was caused by high glycerol contents (9.87%). This 

is because unsaturated fatty acids and glycerol are unstable 

and highly reactive at high temperatures; both of them are 

highly explosive. On jatropha curcas linn, cotton, and 

coconut oils, glycerol combustion did not spark the second 

explosion because their glycerol contents were relatively 

small. 

When vegetable oil burns, its water content hydrolyses the 

oil to break up into glycerol and fatty acids. For coconut oil 
(Fig. 17), the explosion did not occur, as it consists of very, 

little 27.25% of unsaturated fatty acids and 65.26% of 

saturated fatty acid (Table 1). A saturated fatty acid is stable 

with a high flashpoint. Besides, it burns slowly. Diesel oil 

(Figs. 16 and 17) has one small explosion, much smaller than 

that of vegetable oils lasting for 0.069s. It is seen from figure 

16 that jatropha curcas linn oil flame characteristics most 

closely resemble those of diesel oil. The combustion of diesel 

oil was enhanced by its high content of 75% unsaturated 

hydrocarbons (aromatic hydrocarbon and olefin hydrocarbon). 

Aromatic and olefin hydrocarbons are unstable and highly 
reactive.  Wardana et al. [1], Wang et al. [7], and Muhaji et 

al. [23] have found that in jatropha curcas linn oil, micro 

explosions occurred between the first step combustion of fatty 

acids and the second step burning of glycerol. Explosions 

were also reported when glycerol and propanol burned at low 

gravity [24]. 

C. Burning Rate 

The rates of vegetable oil combustion compared to diesel 

oil are shown in Fig. 17. The combustion rate occurred 
sequentially from high to low, starting from jatropha curcas 

linn oil at 0.00248 cc/s, cotton oil at 0.00161 cc/s, ceiba 

pentandra oil at 0.00105 cc/s, and coconut oil at 0.00074 cc/s, 

respectively. Meanwhile, diesel oil has a combustion rate of 

0.00352 cc/s. The burning rate of vegetable oil is influenced 

by several factors, such as flash point of fatty acids (Table 1), 

unsaturated fatty acid content, and dissociation energy of fatty 

acid bonds. The burning rate of vegetable oil increases with 

the decrease of the flashpoint of the fatty acids; its value also 

increases with the increase of the unsaturated fatty acid 

content. Third, vegetable oils with more unsaturated fatty acid 
content have less dissociation bond energy so that the 

chemical bonds can break up easily, and the oil flammability 

is greater. 

 

 
(a) (b) 

Fig. 13 The explosion flame of ceiba pentandra oil, (a) first explosion and (b) 

second explosion (s) 

 

 
Fig. 14 The explosion flame of jatropha curcas linn oil (s) 
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Fig. 15 The explosion flame of cotton oil (s) 

 

 
Fig.16 The explosion flame of diesel oil (s) 

 

 

 
 

Fig. 17 Flame width of vegetable and diesel oils (s) 

IV. CONCLUSION 

The experiments concerning vegetable oil droplet 

combustion on a hot stainless-steel plate recorded by the high-

speed camera allow some conclusions. First, the vegetable oil 

is burned in three stages: the burning of unsaturated fatty acids 

saturated fatty acids, and glycerol at the first, second, and 
third stages. Compared to ceiba pentandra, cotton, and 

coconut oils, the combustion characteristics of jatropha 

curcas linn oil resemble most of the diesel oil. The burning of 

ceiba pentandra oil has two small explosions, while jatropha 

curcas linn, cottonseed, and diesel oils have only one small 

explosion, and no explosion occurs during the coconut oil 

burning. The burning rate of the vegetable oil droplet is 

influenced by the flashpoints, fatty acid content, and 

dissociation energy of fatty acid bonds. 
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