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Abstract. The high fatty acid content and non-edible nature of kapok 
(Ceiba Pentandra) oil make it a promising raw material for biodiesel 
production. However, the traditional transesterification process involves 
long durations and high energy consumption, necessitating a more efficient 
method. Sonication, using ultrasonic waves at 20-40kHz, is a leading 
method that reduces transesterification duration from hours to minutes. It 
induces cavitation, the formation and collapse of microbubbles, raising the 
temperature of the reaction environment and accelerating the 
transesterification reaction. The purpose of this research is to study the 
transesterification of kapok oil into biodiesel using sonication. The results 
showed that the biodiesel produced had a viscosity value of 5.6-5.9 cSt, 
which is still below the maximum value of SNI. The density value is in the 
range of 913.533 to 951.43 Kg/m3, this value still exceeds the SNI value of 
890 Kg.m3. Both parameters were measured at 25oC which should be 40oC 
based on SNI. The viscosity and density values will decrease as the 
measurement temperature increases. The highest yield value was produced 
at 2 min sonication time, 65.7%, while the lowest yield value was produced 
at 6 min, 53.3%.  

1. Introduction 

The global need for fossil fuels continues to grow progressively. However, due to their non-
renewable nature, alternative sources are necessary to meet fuel requirements. Biodiesel 
presents a viable solution to this issue because it is produced from plentiful renewable energy 
sources [1]. Additionally, biodiesel offers the benefit of being a low-emission and 
environmentally friendly fuel, emitting 32% less CO2 per liter compared to diesel derived 
from petroleum [2]. 

Biodiesel can be derived from both vegetable and animal oils, but it is commonly 
produced from palm oil. However, using palm oil for biodiesel production is not ideal since 
it is a crucial food resource, leading to high production costs. Therefore, there is a need for 
vegetable oils that do not impact food supply chains, resulting in lower production costs [3]. 
Non-edible vegetable oils suitable for biodiesel production include Karanja seed oil 
(Pongamia pinnata), Mahua seed oil (Madhuca longifolia (L.) J. F. Mac), and Castor seed oil 
(Jatropha Carcus)[4], Madhuca indica [5], Moringa oleifera [6], and Havea brasiliensis [7]. 
Anwar et al [8] conducted experiments to produce biodiesel from Karanja seed oil, achieving 
a 95.4% yield in 120 minutes using mechanical heating and stirring. Biodiesel from Mahua 
seed oil can yield between 90-98% with a reaction time of 80-90 minutes using similar 
methods [9].  
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The Indonesian National Standard (SNI) and the American Society for Testing and 

Materials (ASTM) define quality criteria for biodiesel, which include parameters such as 
density and viscosity to ensure its performance and quality. Density, which ranges from 860-
900 kg/m³ (SNI) and 850-900 kg/m³ (ASTM) at 15°C, and kinematic viscosity, ranging from 
3.5-5.0 mm²/s at 40°C in both standards, are critical indicators. Density affects the energy 
content and combustion characteristics of biodiesel, influencing its efficiency in diesel 
engines [10]. Viscosity, on the other hand, impacts the flow properties and lubricity of 
biodiesel, which are vital for engine operation and longevity [11]. Adherence to these 
standards is crucial for maintaining biodiesel's reliability, sustainability, and compatibility 
with existing diesel infrastructure worldwide [12]. 

The kapok tree serves multiple industries, including wood, fiber, and oil production. The 
fiber obtained from kapok fruit shows promise for use as a biopolymer [13]. The kapok tree's 
wood is of low density, which limits its use in the wood industry primarily to board 
production [14]. Despite the advantages and disadvantages of the kapok tree, its seeds have 
the potential to be processed into biodiesel. Retreved from Silitonga et al [15] kapok seed oil 
can be utilized as a raw material for biodiesel production because it contains quite a lot of 
fatty acids as shown in Table 1. The potential of kapok oil in general is 2850 kg/ha of kapok 
land [16].  Kapok seed oil is extracted by pressing with a screw press machine continuously, 
then the results of the oil are filtered and heated at 120oC to remove impurities [17]. Kusumo 
et al [18] conducted research on biodiesel production from Ceiba pentandra oil using a 1 wt% 
KOH catalyst with the stirring method at 60°C for 108 minutes, resulting in a biodiesel yield 
of 99.80%. 

 
Tabel 1. Characterisitic of Ceiba pentandra oil 

Characteristics Ceiba pentandra 
Density at 15oC  905.2 (kg/m3) 
Kinematic viscosity at 40oC  34.45 (mm2/s) 
Lauric.acid 0.1 % 
Myristic.acid 0.1 % 
Palmitic.acid 19.2 % 
Palmitoleic.acid 0.3 % 
Stearic.acid 2.6 % 
Oleic.acid 17.4 % 
Linoleic acid 39.7 % 
Linolenic acid 1.5 % 
Arachidic acid 0.6 % 
Malvalic acid 18.5 % 

 
Biodiesel production includes both esterification and transesterification reactions, which 

depend on the quality of the vegetable oil used [19] Esterification becomes essential when 
the oil's free fatty acid content exceeds 2%, as elevated levels of free fatty acids can cause 
saponification, thereby hindering the transesterification process [20]. This saponification 
process occurs due to the reaction of fatty acids with the catalyst, resulting in the formation 
of soap. Subsequently, the soap acts to prevent the methyl groups in the alcohol from 
effectively reacting with the glyceride groups present in the vegetable oil. Esterification is 
performed with an acid catalyst, whereas transesterification uses a base catalyst.  

The predominant method employed for biodiesel production is heating with mechanical 
stirring., which is both time-consuming and inefficient. Alternative methods include 
sonication and supercritical transesterification [21]. However, the supercritical method has 
drawbacks, such as not reducing production costs and being challenging to scale up for large-

scale biodiesel production [22]. In contrast, sonication can significantly reduce reaction times 
from hours to minutes[23]. Sonication techniques have proven to be effective methods in 
various chemical processes, including the acetylation of crude glycerol into glyceryl 
triacetate [24]. Currently, sonication is a leading method in biodiesel production because it 
decreases the catalyst requirement for esterification and transesterification processes [25]. 
Sonication induces vigorous localized turbulence by creating and collapsing microbubbles in 
the reactants, a process known as cavitation, enhancing heat and mass transfer [21]. 

 Thus, the objective of this paper is to investigate biodiesel transesterification from C. 
pentandra oil using sonication. 

2. Experimental Method 

2.1 Biodiesel Transesterification 

In biodiesel production, methanol is used as a reactant due to its light specific gravity, 
constituting 15-20% of the oil used. Kapok randu oil undergoes pretreatment in the form of 
esterification with an acid catalyst, H2SO4, to decrease the free fatty acid content in the oil. 
Elevated concentrations of free fatty acids can induce saponification reactions. 
Transesterification is then performed using a 1% KOH catalyst, with a molar ratio of kapok 
oil to methanol of 1:6, over five different reaction times: 2, 3, 4, 5, and 6 minutes. This 
transesterification is conducted using the sonication method, employing a Mikuni ultrasound 
generator and a 100-watt transducer. 

2.2 Characterization of Biodiesel 

2.2.1 Yield Analysis 

Biodiesel yield refers to the percentage of oil that is converted into pure biodiesel. Yield 
measurement is conducted after the biodiesel purification process. The produced biodiesel 
volume is quantified and then compared to the volume of oil used. 

Yield (%)= Weight of Biodiesel
Weight of Oil

 𝑥𝑥 100% (1) 

2.2.2 Density Analysis 

Biodiesel density is determined using a pycnometer. First, the pycnometer is prepared and 
weighed while empty. Biodiesel is then added to the pycnometer, which is sealed tightly to 
ensure no bubbles remain. The pycnometer containing the biodiesel is reweighed, and the 
density is determined by calculating the mass per unit volume of the sample. 

ρ=Wt-W
V

 (2) 
⍴ : Density (gr/ml) 
Wt : Mass of Pycnometer with Sample 
W : Mass of Pycnometer 
V : Volume of Biodiesel 

2.2.3 Viscosity Analysis 
 
Viscosity was measured using a Brookfield viscometer, which determines the viscosity of 
biodiesel through rotational methods. As the rotation speed increases, the viscosity decreases. 
To measure, the biodiesel sample is placed in a glass beaker, and the viscometer probe is 
immersed in the sample. Once the viscometer is activated, the viscosity value is displayed on 
the viscometer's screen. 
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3. Result and Discussion 

3.1 Transesterification Process 

Sonication generates cavitation waves that facilitate the mixing and reaction between kapok 
oil and methanol to form methyl esters, as shown in Figure 1. The collapse of cavitation 
bubbles creates an environment with extremely high temperatures and pressures, producing 
rapid heating and cooling rates that result in high-energy chemistry, similar to 
photochemistry. This process introduces substantial energy in a brief period (within 
microseconds), creating hot spots with temperatures around 4726.8°C [26] The continuous 
formation and collapse of cavitation waves significantly increase the microscale temperature 
[23]. This temperature increase accumulates, leading to a rise in the reaction temperature 
during sonication. As shown in Figure 2, the longer the transesterification process, the higher  
the reaction temperature. Elevated temperatures in the sonication transesterification process   
help reduce the viscosity of oils or fats, leading to faster reaction rates and shorter reaction 
times. However, if the temperature exceeds the alcohol's vapor point, the yield decreases 
because the alcohol evaporates before it can react with the vegetable oil to form biodiesel. 
This is supported by Cintas et al [27] who found that transesterification near the boiling point 
of alcohol dramatically reduces cavitation and reaction efficiency.  

Fig 1. Transesterification scheme by sonication 

3.2 Yield 

According to Figure 2, the duration of sonication has an adverse effect on biodiesel yield, 
with longer sonication times leading to lower yields. The highest yield, 65.7%, was achieved 
with 2 minutes of sonication, while the lowest yield, 51%, was observed at 5 minutes. 
Prolonged sonication can lead to increased ester hydrolysis, where the breakdown of esters 
into fatty acids is accelerated due to excessive exposure to ultrasonic waves. This 
phenomenon occurs because prolonged sonication can generate excessive heat and 
mechanical stress, promoting unwanted side reactions that degrade the biodiesel yield[16]. 

 Conversely, insufficient sonication time may result in incomplete transesterification, 
where the conversion of triglycerides to biodiesel is not fully achieved due to inadequate 
mixing and reaction kinetics. This incomplete conversion can leave behind unreacted 
components, reducing overall yield and quality. Therefore, optimizing sonication duration is 
critical not only to maximize biodiesel yield but also to ensure efficient utilization of 
resources and minimize the formation of by-products like soap. 

Fig. 2. (A) Impact of reaction duration on temperature elevation, (B) Influence of reaction 
duration on biodiesel yield 

3.3 Density 

As shown in Figure 3, the density of biodiesel is affected by the temperature during the 
transesterification process, with higher temperatures typically leading to lower density 
values. This relationship occurs because increased temperatures cause the volume of the 
reactants to expand while maintaining constant mass, thereby reducing density. As depicted 
in Figure 3, longer reaction times indirectly lead to higher process temperatures, which 
consequently decrease the density of biodiesel. 

In relation to the Indonesian National Standard (SNI), biodiesel must meet specific 
density criteria to ensure its quality and compatibility with conventional diesel fuels. If the 
density values obtained from the study do not meet these standards, several methods can be 
explored to adjust them accordingly. For instance, optimizing the molar ratio of reactants, 
adjusting reaction temperatures, or selecting alternative catalysts can potentially affect 
biodiesel density. Furthermore, modifying feedstock compositions or refining purification 
processes could also impact density outcomes. 

Regarding the impact of unsaturation levels in Fatty Acid Methyl Esters (FAMEs) on 
density, previous studies by Pratas et al. [10] have demonstrated that higher unsaturation 
levels result in lower density values. This is due to the increased presence of double bonds 
in FAMEs, which lead to looser molecular packing and reduced density. 

Fig. 3. (A) Impact of reaction duration on biodiesel density, (B) Influence of reaction duration 
on biodiesel viscosity 
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3.4 Viscosity 

The viscosity of biodiesel produced through sonication complies with SNI 7218:2015, not 
exceeding 6 cSt. Viscosity affects the amount of biodiesel injected during combustion; higher 
viscosity leads to greater volume variability or lower consistency in the fuel injected [28]. 
This low consistency can reduce combustion efficiency. According to Figure 3, the viscosity 
of the biodiesel tends to increase but remains within the SNI limit. In this study, viscosity 
was measured at 25°C, although SNI recommends measurement at 40°C. The temperature 
during viscosity measurement affects the value, with higher temperatures resulting in lower 
viscosity. Robertson et al [29] found that at 16.85°C, biodiesel from rose oil had a viscosity 
of 5 cSt, while at 6.85°C, the viscosity increased to 7.5 cSt 
4. Conclusion 
Biodiesel produced through sonication-assisted transesterification of kapok oil meets the 
viscosity requirements stipulated by the Indonesian national standard but falls short of 
meeting the density standard. The decline in yield observed with extended reaction times is 
likely attributable to increased ester hydrolysis, which is the reverse reaction of 
transesterification. This process leads to the breakdown of esters and the formation of extra 
fatty acids, which then undergo saponification to produce soap. 

Further investigations into the sonication of kapok oil for transesterification should focus 
on optimizing key factors, including the ratio of oil to alcohol and the amount of catalyst 
used. This investigation aims to optimize the formulation and ensure that biodiesel meets the 
quality standards outlined in SNI. By studying these parameters, researchers can enhance the 
transesterification process, improve biodiesel yield, and align with regulatory requirements 
for biodiesel quality and performance. in making biodiesel can be studied along with studies 
on the transesterification method. 
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3.4 Viscosity 

The viscosity of biodiesel produced through sonication complies with SNI 7218:2015, not 
exceeding 6 cSt. Viscosity affects the amount of biodiesel injected during combustion; higher 
viscosity leads to greater volume variability or lower consistency in the fuel injected [28]. 
This low consistency can reduce combustion efficiency. According to Figure 3, the viscosity 
of the biodiesel tends to increase but remains within the SNI limit. In this study, viscosity 
was measured at 25°C, although SNI recommends measurement at 40°C. The temperature 
during viscosity measurement affects the value, with higher temperatures resulting in lower 
viscosity. Robertson et al [29] found that at 16.85°C, biodiesel from rose oil had a viscosity 
of 5 cSt, while at 6.85°C, the viscosity increased to 7.5 cSt 
4. Conclusion 
Biodiesel produced through sonication-assisted transesterification of kapok oil meets the 
viscosity requirements stipulated by the Indonesian national standard but falls short of 
meeting the density standard. The decline in yield observed with extended reaction times is 
likely attributable to increased ester hydrolysis, which is the reverse reaction of 
transesterification. This process leads to the breakdown of esters and the formation of extra 
fatty acids, which then undergo saponification to produce soap. 

Further investigations into the sonication of kapok oil for transesterification should focus 
on optimizing key factors, including the ratio of oil to alcohol and the amount of catalyst 
used. This investigation aims to optimize the formulation and ensure that biodiesel meets the 
quality standards outlined in SNI. By studying these parameters, researchers can enhance the 
transesterification process, improve biodiesel yield, and align with regulatory requirements 
for biodiesel quality and performance. in making biodiesel can be studied along with studies 
on the transesterification method. 

References 

1. R. Dutu, Challenges and policies in Indonesia’s energy sector, Energy Policy. 98, 513 
519 (2016)  

2. K.F. Yee, K.T. Tan, A.Z. Abdullah, K.T. Lee, Life cycle assessment of palm biodiesel: 
Revealing facts and benefits for sustainability, Appl Energy. 86, (2009)  

3. S.P. Singh, D. Singh, Biodiesel production through the use of different sources and  
characterization of oils and their esters as the substitute of diesel: A review, Renewable 
and Sustainable Energy Reviews. 14, 200–216 (2010)  

4. S. Sayyed, R.K. Das, K. Kulkarni, Experimental investigation for evaluating the 
performance and emission characteristics of DICI engine fueled with dual biodiesel-
diesel blends of Jatropha, Karanja, Mahua, and Neem, Energy. 238 (2022).  

5. S. Niju, & A. Janaranjani, & R. Nanthini, P.A. Sindhu, & M. Balajii, Valorization of 
banana pseudostem as a catalyst for transesterification process and its optimization 
studies, Biomass Conversion and Biorefinery.  13, 1805–1818 (2021)  

6. R. Foroutan, S.J. Peighambardoust, R. Mohammadi, S.H. Peighambardoust, B. 
Ramavandi, Application of walnut shell ash/ZnO/K2CO3 as a new composite catalyst 
for biodiesel generation from Moringa oleifera oil, Fuel. 311 (2022)  

7. A. Arumugam, P. Sankaranarayanan, Biodiesel production and parameter optimization: 
An approach to utilize residual ash from sugarcane leaf, a novel heterogeneous catalyst, 
from Calophyllum inophyllum oil, Renew Energy. 153, 1272–1282 (2020)  

8. F. Anwar, M. Tariq, J. Nisar, G. Ali, H. Kanwal, Optimization of biodiesel yield from 
non food karanja seed oil: Characterization and assessment of fuel properties, 
Sustainable Chemistry for the Environment. 3, 100035 (2023).  

9. P.C. Jena, H. Raheman, G. V. Prasanna Kumar, R. Machavaram, Biodiesel production 
from mixture of mahua and simarouba oils with high free fatty acids, Biomass 
Bioenergy. 34, 1108–1116 (2010)  

10. M.J. Pratas, S. V.D. Freitas, M.B. Oliveira, S.C. Monteiro, Á.S. Lima, J.A.P. Coutinho, 
Biodiesel density: Experimental measurements and prediction models, Energy and 
Fuels. 25, 2333–2340 (2011)  

11. L.F. Ramírez Verduzco, Density and viscosity of biodiesel as a function of temperature: 
Empirical models, Renewable and Sustainable Energy Reviews. 19, 652–665 (2013).  

12. S. Da, F.J. Keil, Modeling of Three-Dimensional Linear Pressure Fields in 
Sonochemical Reactors with Homogeneous and Inhomogeneous Density Distributions 
of Cavitation Bubbles, (1998) 

13. M. Marwanto, M.I. Maulana, F. Febrianto, N.J. Wistara, S. Nikmatin, N. Masruchin, 
L.H. Zaini, S.H. Lee, N.H. Kim, Characteristics of nanocellulose crystals from balsa and 
kapok fibers at different ammonium persulfate concentrations, Wood Sci Technol. 55, 
1319–1335 (2021)  

14. D.S. Nawawi, A. Maria, R.D. Firdaus, I.S. Rahayu, A. Fatrawana, F. Pramatana, P.S. 
Sinaga, W. Fatriasari, Improvement of Dimensional Stability of Tropical Light-Wood 
Ceiba pentandra (L) by Combined Alkali Treatment and Densification, Journal of the 
Korean Wood Science and Technology. 51, 133–144 (2023)  

15. A.S. Silitonga, H.C. Ong, T.M.I. Mahlia, H.H. Masjuki, W.T. Chong, Characterization 
and production of Ceiba pentandra biodiesel and its blends, Fuel. 108, 855–858 (2013)  

16. N. Panneerselvam, A. Murugesan, D. Subramaniam, C. Vijayakumar, Production And 
Characterization Of Biodiesel From Ceiba Pentandra Seed Oil, International Journal of 
Advanced Engineering Technology Int J Adv Engg Tech. 7, 445–450 (2016)  

17. S. Kathirvelu, N. Shenbaga, V. Moorthi, S. Neela Krishnan, K. Mayilsamy, T. 
Krishnaswamy, Production Of Biodiesel From Non Edible Ceiba Pentandra Seed Oil 
Having High Ffa Content. 9 (2014)  

18. F. Kusumo, A.S. Silitonga, H.H. Masjuki, H.C. Ong, J. Siswantoro, T.M.I. Mahlia, 
Optimization of transesterification process for Ceiba pentandra oil: A comparative study 
between kernel-based extreme learning machine and artificial neural networks, Energy. 
134, 24–34 (2017)  

19. L.F. Razon, Alternative crops for biodiesel feedstock, CAB Reviews: Perspectives in  
Agriculture, Veterinary Science, Nutrition and Natural Resources. 4, (2009)  

20. R.D. Kusumaningtyas, M.H. Akbar, D. Widjanarko, Reduction of FFA in Kapok Randu 
(Ceiba pentandra) Seed Oil via Esterification Reaction Using Sulfuric Acid Catalyst: 
Experimental and Kinetics Study, Jurnal Bahan Alam Terbarukan. 8, 156–166 (2019)  

21. W.W.S. Ho, H.K. Ng, S. Gan, W.L. Chan, Ultrasound-assisted transesterification of 
refined and crude palm oils using heterogeneous palm oil mill fly ash supported calcium 
oxide catalyst, Energy Sci Eng. 3, 257–269 (2015)  

22. N. Yasvanthrajan, P. Sivakumar, K. Muthukumar, T. Murugesan, A. Arunagiri 
Production of biodiesel from waste bio-oil through ultrasound assisted transesterification 
using immobilized lipase, Environ Technol Innov. 21, (2021).  

23. J. Sáez-Bastante, S. Pinzi, G. Arzamendi, M.D. Luque De Castro, F. Priego-Capote, 
M.P. 
Dorado, Influence of vegetable oil fatty acid composition on ultrasound-assisted 
synthesis of biodiesel, Fuel. 125, 183–191 (2014)  

24. S. Karnjanakom, P. Maneechakr, I. Kurnia, A. Bayu, O. Farobie, C. Samart, S. 
Kongparakul, G. Guan, Sustainable upgrading of crude glycerol via ultrasound-
reinforced bio-refinery process with oxygen–nitrogen subsistence: Co-application of 
reusable heterogeneous catalyst, Energy Convers Manag. 310, (2024)  

25. D. Kumar, G. Kumar, Poonam, C.P. Singh, Ultrasonic-assisted transesterification of 

7

BIO Web of Conferences 123, 04008 (2024)	 https://doi.org/10.1051/bioconf/202412304008
ISOTOBAT 2024



Jatropha curcus oil using solid catalyst, Na/SiO2, Ultrason Sonochem. 17, 839–844 
(2010)  

26. K. Suslick, Ultrasound: Its Chemical, Physical, and Biological Effects, (1988) 
27. P. Cintas, S. Mantegna, E.C. Gaudino, G. Cravotto, A new pilot flow reactor for high 
      intensity ultrasound irradiation. Application to the synthesis of biodiesel, Ultrason 
      Sonochem. 17, 985–989 (2010)  
28. S.A. Miers, A.L. Kastengren, E.M. El-Hannouny, D.E. Longman, An Experimental 
      Investigation Of Biodiesel Injection Characteristics Using A Light-Duty Diesel Injector, 
      (2007)  
29. L.X. Robertson, C.J. Schaschke, Combined high pressure and low temperature viscosity 
       measurement of biodiesel, Energy and Fuels. 24, 1293–1297 (2010)  
  

8

BIO Web of Conferences 123, 04008 (2024)	 https://doi.org/10.1051/bioconf/202412304008
ISOTOBAT 2024


