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 This study focuses on developing a nano zinc oxide (ZnO) catalyst with fly ash (FA) as a support 
material for converting kapok seed oil (KSO) into biodiesel. This research aims to study the 
preparation of nano ZnO/FA solid catalysts and the catalyst's reactivity towards kapok seed oil 
biodiesel (KSOB) products. The catalysts were synthesized using a modification of the Stober process, 
which is the co-precipitation, impregnation, and precipitation step co-occurred. The catalyst is 
prepared on base condition using sodium hydroxide with a solvent of methanol and zinc chloride as a 
raw material. FA waste was effectively modified with zinc oxide particles to create a high-performance 
ZnO/FA composite catalyst. Under optimal stoichiometric NaOH and 60% ZnO, the resulting material 
achieved a remarkable specific surface area of 14.8 m²/gram, indicating its potential for enhanced 
catalytic activity. The prepared catalyst of nano ZnO/FA achieved successful methanolysis of KSO, 
with a maximum FAME yield of 61.09% attained at 65°C after 5 hours of reaction time, using a 3% 
catalyst dose and a KSO: methanol molar ratio of 1:15. The initial success of nano ZnO/FA with kapok 
seed oil paves the way for further development towards robust catalysts specifically tailored for low-
grade oil conversion. 

© 2024 Growing Science Ltd.  All rights reserved. 
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1. Introduction 
      

      Fossil fuel depletion and environmental pollution have urged scientific research to develop renewable and 
environmentally-friendly energy alternatives. Biodiesel has proven to be an energy alternative as a biofuel with significant 
advantages (Asri et al., 2020). Biodiesel has a low CO2 and SO2 level during the combustion process, better properties for 
engine lubrication, higher flash point, non-toxic, and high cetane number (Sharma & Singh, 2010). Another important property 
is that biodiesel does not require significant modification of existing diesel engines and releases less free hydrocarbon during 
combustion (Khan, 2020; Widjanarko et al., 2020). Biodiesel is conventionally produced via esterification and 
transesterification routes of edible or non-edible oils with homogenous acid or base catalysts (Sharma et al., 2010). Edible 
oils utilization as feedstock for biodiesel production will result in competition with food sources, and the cost of biodiesel 
production will increase. Therefore, many researchers developed their research on non-consumable oils. Kapok seed oil (KSO) 
has the potential to be the right choice to replace palm oil in Indonesia because the Indonesia State Company of Forest 
(PERHUTANI) is going to promote the Kapok plantation, especially in the Middle Java Province, Indonesia (Perhutani, 
2022). Although homogeneous catalysts can provide high catalytic activity, some disadvantageous properties have been noted 
well, such as less recovery, losses of reactant due to soap formation, and the production of toxic water (Nair et al., 2012). 
Therefore, heterogeneous catalysts have been developed as the right solution to overcome these disadvantages. The 
heterogeneous catalyst has properties that are environmentally friendly, easy to separate from the reaction mixture, and 
reusable (Asri et al., 2020; Gurunathan & Ravi, 2015). Heterogeneous base catalysts of CaO/γ-Al2O3 and CaO/KI/γ-Al2O3 are 
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not suitable for LGO because of low insensitivity to free fatty acids (FFA) (Asri et al., 2015; Mandolesi et al., 2013). 
Heterogeneous acid catalysts can overcome these problems because they have relatively high insensitivity. The heterogeneous 
acid catalysts such as ZnO/γ-Al2O3 (ZA), ZnO-CuO-SO4/γ-Al2O3 (ZCSA), and ZnO/MWCNTs have developed for 
transesterification of kapok seed oil and kesambi oil on the previous works (Asri et al., 2018; Asri et al., 2021). However, the 
catalyst manufactured using γ-Al2O3 synthetic support and multi-walled carbon nanotubes (MWCNTs) is relatively expensive. 
Fly ash (FA) waste, which is available in abundant amounts in Indonesia, has the potential to be used as a cheap and 
environmentally friendly support because its chemical compositions are mainly (85%) SiO2, Al2O3, and Fe2O3 (Risdanareni 
et al., 2017). 
 
      In this study, the authors have developed advanced materials for heterogeneous nano zinc oxide (ZnO) catalysts with FA 
support (ZnO/FA) to obtain a favorable catalyst with the following characteristics, e.g., large surface area, high activity, high 
insensitivity to FFA, robust and stable. The nano-dimensional of the solid catalysts was expected to increase the contact area 
between the reactants and the catalyst, so the diffusivity of the reactant would be raised (Gurunathan & Ravi, 2015). The use 
of FA as a supported catalyst should be very appropriate because it has many advantages, including good thermal stability, 
high BET performance, good dispersibility of both polar and non-polar compounds, low price, environmentally friendly, and 
reduced waste (Malpani & Rani, 2019; Helwani et al., 2020). The exploitation of FA-supported zinc oxide nano-heterogeneous 
catalyst (ZnO/FA) for KSO transesterification has yet to become well-known for recent studies. The literature investigation 
concluded that there is no research on ZnO/FA, nor has there been data or a kinetic model of KSO reaction with a ZnO/FA 
catalyst. Nano-catalysts have high activity properties because of their vast surface area, which allows the intensive contact 
area between the reactants, resulting in higher conversion during the transesterification reaction (Asri et al., 2021). This study 
aims to synthesize ZnO/FA heterogeneous catalysts with a suitable formulation for transesterifying kapok seed oil into 
biodiesel. Understanding the impact of NaOH quantity and ZnO loading on biodiesel yield was crucial. NaOH influences 
sodium methoxide formation, which is essential for making zinc methoxide (later converted to ZnO) and subsequently 
impacting catalyst activity.  Specific ZnO/FA catalyst characteristics that led to high FAME conversion were also 
investigated. 

 
2. Experimental and Procedure 
 
2.1 Materials 
 
     As a supported catalyst, the fly ash (FA) was purchased from an online market supplied by a coal steam-fired power plant 
in the East Java area. All analytical grade reagents for catalyst synthesis, such as zinc chloride, sodium hydroxide, methanol, 
and ethanol, were provided by Merck. Furthermore, KSO with crude grade specification was purchased from the domestic 
market. Each analytical laboratory supplied other analytical grade reagents for instrumentation analysis.  
 
2.2 ZnO/FA catalysts preparation 
 
     The FA was pretreated and dried at 105 °C to release moisture content. ZnO nano solid catalyst with FA as support material 
was synthesized using the same procedure as the previous study, which is a modified Stober process method (simultaneous 
impregnation and precipitation) presented by Mukenga et al. (Asri et al., 2020; Mukenga, 2012). There are some variations 
of catalyst preparation, viz—% loading of ZnO (from 20-60% of ZnO loading with 10% interval) as an active promotor and 
NaOH addition, namely 3 g and stoichiometric (around 9g) during the synthesis.  
 
     The experimental procedure to synthesize the ZnO/FA catalyst was started from Zn(OCH3)2 or zinc methoxide formation. 
The primary precursor, zinc chloride, or ZnCl2, was reacted with sodium methoxide from an initial reaction of sodium 
hydroxide and methanol. Firstly, 3 grams or 9 grams of NaOH were dissolved into 100 mL of methanol to form sodium 
methoxide, which conformed with Eq. (1). 
 

2 Na(OH) + 2 (CH3OH) → 2 Na(OCH3) + 2 H2O (1) 
 
      Then, this sodium methoxide solution was added dropwise into the zinc chloride solution and stirred vigorously over 1 
hour so that both solutions could be mixed perfectly until the precipitation of zinc methoxide occurred based on Eq. (2). 
 

ZnCl2 + 2Na(OCH3) → Zn (OCH3)2 + 2 NaCl (2) 
 
      The formed zinc methoxide particles were filtered, washed, and dried overnight at 120oC. The second step was the 
impregnation of zinc methoxide into the surface of fly ash particles. The salt solution of zinc methoxide was made using 50 
mL of ethanol as a solvent. Meanwhile, 10 grams of fly ash were dissolved into 50 mL aquadest. After that, the zinc methoxide 
solution was wisely dropped into the FA mixture at 70oC for 1 hour, followed by further evaporation until the solution 
transformed into a slurry. The final slurry, subsequently, was dried overnight to release the rest of its moisture content. The 
dried solid catalyst was crushed and calcined at 500oC under airflow for 5 hours to form the nano ZnO/FA catalyst. The 
calcination reaction to convert zinc methoxide as a salt into its oxide form (ZnO) is shown in Eq. (3). 
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2 Zn(OCH3)2  →  2 ZnO + 2 CH3O + 3H2 (3) 
 
       Afterward, the FA and prepared ZnO/FA solid catalyst were characterized using several techniques like X-Ray 
Diffraction (XRD) analysis to study the crystal structure and nitrogen (N2) adsorption-desorption followed by mathematical 
calculation using Brunauer Emmet Teller (BET) formula for the solid nanoparticle surface area measurement. The other 
characterization was scanning electron microscopy (SEM), which studied the surface morphology of the nanoparticle and X-
ray fluorescence (XRF) to determine crystalline elements more specifically and quantitatively inside the solid catalyst 
material. Moreover, the ZnO/FA solid catalyst was also analyzed using Fourier-transform infrared spectroscopy (FTIR) 
analysis to measure the functional groups that play an essential role in building the chemical structure of the ZnO/FA catalyst. 
 
2.3 ZnO/FA catalysts activity analysis 
 
      The ZnO/FA catalyst reactivity was analyzed for converting kapok seed (Ceiba pentandra) oil (KSO) into biodiesel via 
transesterification in a batch process. This raw material is a lower-grade oil with impurities like gum and free fatty acids. 
Before the transesterification reaction, kapok seed oil (KSO) undergoes a crucial degumming process. This specific treatment, 
described in detail by Putri et al., 2012, effectively removes gum and other contaminants from the oil, ensuring its readiness 
for the subsequent chemical conversion. Notably, the degumming procedure used here remains unchanged from our previous 
work (Asri et al., 2020).  
 
     The treated kapok seed oil was transesterified in a 250 mL flask reactor setup to produce biodiesel using prepared ZnO/FA 
catalyst, which is synthesized involved the variation of NaOH edition (3 g and stoichiometrically) and ZnO loading (20, 30; 
40; 50 and 60% (wt. % into FA)). The reaction temperature for the transesterification was 65°C, while the catalyst 
concentration was kept at 3%. Additionally, a 1:15 molar ratio of KSO to methanol was employed. The complete procedure 
refers to previous research (Asri, et al., 2020; Asri et al., 2022). The calculation of the yield of kapok seed biodiesel (KSOB) 
was performed using Eq. (4), 
 𝑌𝑖𝑒𝑙 𝐾𝑆𝑂𝐵 ሺ%ሻ =  𝑚𝑎𝑠𝑠 𝐾𝑆𝑂𝐵𝑚𝑎𝑠𝑠 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝐾𝑆𝑂  ×  100 (4) 

 
     Some parameters to investigate the quality of kapok seed oil biodiesel (KSOB) quality are density, viscosity, FFA content, 
moisture content, and saponification value. FFA content was analyzed using a titration technique with a base solution. In this 
work, NaOH solution was used as a base titer, and the FFA content was measured using Eq. (5), 
 %FFA = volume of titer × molarity of NaOH × 28mass of sample × 100% (5) 

 
      Saponification values (SV) were also measured via titration using a phenolphthalein indicator. HCl was utilized as an acid 
solution on the titer side, and this value was calculated using Eq. (6), 
 SV = volume of titer × molarity of HCl × 56.1sample weight  (6) 

 
3. Results and discussion 
 
3.1 Fly ash characteristics 
 
      X-ray diffraction (XRD) analysis of FA was conducted using Bruker D8 Advance X-ray diffractometer with Cu K-α (λ = 
1.54 Å), as shown in Fig. 1. The FA particles revealed the highest peak at 26.5° and can be indexed to the quartz crystal 
structure (ICDD: 000-46-1045) (Katara et al., 2020). Furthermore, other appearances were not intense, and sharp peaks on 
angle 2θ range from 33o to 35o. These peaks are related to ICDD standard reference 000-47-1743 for CaCO3 in the form of 
calcite and ICDD 000-33-0664 for Fe2O3 as a hematite (Widayat et al., 2017). While XRD analysis might reveal a peak 
seemingly similar to pure aluminum (JCPDS 000-04-0787), as reported by Asri et al., 2020, its broad, uncharacteristic shape 
suggests the presence of an amorphous phase rather than crystalline aluminum. This implies that the material analyzed lacks 
the defined atomic arrangement of pure aluminum.  
 
     XRF characterization confirms these findings, revealing that over 92.2% of Fly ash (FA) is mainly composed of four 
minerals: silica (SiO2), iron oxide (Fe2O3), calcium oxide (CaO), and aluminum oxide (Al2O3). As shown in Table 1, silica 
makes up the largest portion at 30.7%, followed by iron (III) oxide at 27.0%, calcium oxide at 23.5%, and aluminum oxide at 
11%. However, this composition can vary significantly depending on the source of the raw materials and the operating 
conditions of the coal-fired boiler. For instance, Katara et al. (2020) reported a fly ash with a much higher silica content 
(59.42%wt). This highlights the importance of considering the specific source and production process when characterizing 
fly ash for potential applications. 
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Fig. 1. Fly ash X-ray diffraction 

 
Table 1. Composition of oxide compounds and elements of fly ash from XRF analysis 

No Oxide compound Composition (%wt) Compound Composition (%wt) 
1 Al2O3 11 Al 8.4 
2 SiO2 30.7 Si 20.5 
3 SO3 0.3 S 0.2 
4 K2O 1.59 K 2.08 
5 CaO 23.5 Ca 27.4 
6 TiO2 1.54 Ti 1.59 
7 V2O5 0.05 V 0.05 
8 Cr2O3 0.094 Cr 0.11 
9 MnO 0.35 Mn 0.49 
10 Fe2O3 27.0 Fe 34.5 
11 NiO 0.056 Ni 0.087 
12 CuO 0.054 Cu 0.084 
13 ZnO 0.03 Zn 0.05 
14 SrO 0.78 Sr 1.3 
15 ZrO2 0.2 Zr 0.2 
16 MoO3 1.3 Mo 1.3 
17 BaO 0.47 Ba 0.73 
18 Eu2O3 0.33 Eu 0.51 
19 Yb2O3 0.01 Yb 0.01 
20 Re2O7 0.1 Re 0.2 
21 HgO 0.16 Hg 0.29 

 
      Surface area of FA was determined by Nitrogen (N2) adsorption–desorption characterization followed by mathematical 
calculation of surface area using Brunauer Emmet Teller (BET) formula. The surface area is obtained through a slope of 
51340.512 and an intercept of -4660 on the BET multi-point plot, and found 0.075 m2/gram as shown in Fig. 2. The resulting 
surface area is smaller compared to previous studies by Katara et al., which reached 9.18 m2/gram (Katara et al., 2020). 
However, this specific surface area obtained in this study is still within the same range as the FA characteristics shown by 
Babajide et al., below 1 m2/gram (Babajide et al., 2010). The characteristics of FA particles, which have a small surface area, 
are justified by their surface morphology, which is perfectly spherical based on scanning electron microscopy (SEM) analysis. 
 

 
Fig. 2. BET multi-point of fly ash 



N.P Asri et al.  / Engineering Solid Mechanics12(2024) 
 

347

      The morphological surface of FA from the SEM image (Fig. 3) showed that its shape is spherical and dense. The 
morphological form of the FA does not show significant pores and tends to have a crystalline structure. This crystalline 
morphology is consistent with the XRD results, which show the peaks of SiO2 quartz crystals. The FA morphological shape 
conforms to the results obtained by Katara et al., which showed perfectly spherical particles with a smooth outer surface 
(Katara et al., 2020). The FA particle morphology appeared due to its formation from heating at high temperatures in a boiler 
combustion furnace and further suddenly cooled before being deposited in the ash yard (He et al., 2019). SEM analysis can 
also predict the particle size of FA by measuring its diameter. The diameter of FA that can be measured through SEM images 
due to the characterization is in the range of 5 – 30 μm. This FA particle size is smaller than the results published by Babajide 
et al., which is in the diameter range of approximately 30 – 100 μm (Babajide et al., 2012). 
 
 
 

 
Fig. 3. SEM images of fly ash for various magnifications: (a) 5000x; (b) 10,000x 

 
3.2 ZnO/FA solid catalyst characteristics 
 
     The specific area of raw FA was found to be very low at 0.075 m2/gram, and by thermal treatment and impregnation with 
ZnO, after the calcination process at 500°C the BET surface area significantly increased to 14.8 m2/gram. These results are 
lower than those obtained in the study of Yusuf et al., which obtained a surface area of 58.76 m2/g by calcination at 400°C 
(Yusuff et al., 2021). The initial treatment of FA with HCl and then the calcination temperature seemed to affect the surface 
area of the catalyst to be obtained considering the research of Yusuf et al., which used 500oC of temperature and also produced 
almost the same surface area of 16.62 m2/g (Yusuff et al., 2021). These findings indicate that at higher temperatures (500°C), 
a change in crystallization phase and sintering occurs with increasing calcination temperature, reducing surface area. Al Sharifi 
and Znad reported similar observations in the methanolysis of Canola oil on lithium-based chicken bones, where the composite 
catalyst's thermal treatment at high temperature reduced surface area (AlSharifi & Znad, 2019). 
 
      XRD analysis was also used to detect the presence of ZnO particles as a promoter on the FA surface as a catalyst support 
(Fig. 4). The detection can be seen from the diffraction peaks, which are the same as the ZnO diffractogram pattern standard. 
The dispersed ZnO on the FA surface acts as an active site and increases the activity of the catalyst (Yusuff et al., 2021). The 
characterization results confirm that ZnO has been dispersed on the FA surface based on the peak reference of ZnO and FA. 
The peak reference of the ZnO diffractogram is given by JCPDS (Joint Committee of Powder Diffraction Standard) 00-036-
1451 with a peak of 2θ angle of 31.4; 33.8; 35.8; 46.8; 55.9; 61.7; 65.5; 66.9; 68.2 degrees. This XRD pattern shows the 
wurtzite structure of ZnO and seems to have a more crystalline structure (Asri et al., 2021). Increased dispersion of ZnO 
particles on FA leads to a sharper peak in the ZnO diffractogram, suggesting a more crystalline structure (Istadi et al., 2015). 
This trend aligns with observations from previous studies using different support materials like γ-Al2O3 and carbon nanotubes 
(Asri et al., 2018, 2021). In line with the XRF analysis in Table 2, where higher ZnO loadings directly correlate with increased 
zinc oxide composition in the ZnO/FA catalyst. For instance, a 20% (%wt. to FA) ZnO loading corresponds to a 42.70% zinc 
oxide composition, while a 50% loading boosts it to 59.10%. This further substantiates the link between dispersed ZnO 
particles on the FA surface and the resulting crystallinity of the catalyst. The influence of NaOH addition on ZnO is evident 
in both the XRD diffractogram (Fig. 4) and XRF analysis (Table 2). At 50% ZnO loading, the ZnO peak exhibits significantly 
higher sharpness with stoichiometric NaOH addition compared to 3g NaOH. This observation aligns with the XRF results, 
where stoichiometric NaOH addition led to a higher ZnO composition (59.10%) compared to 3g NaOH (49.8%). The disparity 
in ZnO content is readily explained by considering the reaction mechanism (equations 1, 2, and 3). Adding stoichiometric 
NaOH (9g) leads to the formation of a larger amount of sodium methoxide intermediate. This, in turn, reacts with zinc chloride 
to produce zinc methoxide, which ultimately decomposes into zinc oxide during the calcination process. This sequence 
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effectively translates the added NaOH into more ZnO, accounting for the higher observed composition, potentially 
contributing to the observed variation in peak sharpness and suggesting an impact on crystallinity. 
 

 
Fig. 4. XRD result of Zn/FA solid catalyst with 50% ZnO loading and the addition of 3 and 9 grams of NaOH 

 
Table 2. Comparison of major oxide compositions in ZnO/FA Catalyst at 20% and 50% ZnO loading with 3 g and 
stoichiometric NaOH addition (XRF) 

ZnO loading %)/NaOH addition Oxide Compound (%) 
Al2O3 SiO2 CaO Fe2O3 ZnO Others (trace element) 

20/ stoichiometrically  6.50 20.00 12.70 14.20 42.70 3.90 
20/3 g  9.70 25.9 18.3 18 21.50 6.60 

50/ stoichiometrically NaOH addition 3.2 8.6 5.95 7.26 59.10 15.89 
50 / 3g  5.8 16 11.5 13 49.8 3.9 

 
     We also examined the morphology of the prepared ZnO/FA catalyst using the same methods and equipment as those 
employed for the FA analysis, specifically scanning electron microscopy (SEM). Fig. 5 reveals the altered morphology of the 
ZnO/FA catalyst compared to the original, unaltered FA (which exhibited round and solid shapes) (Fig. 3). Notably, white 
flower-like particles now decorate the FA surface, indicating the successful dopp dispersed of ZnO onto the FA support. Fig. 
4's XRD analysis confirms this evidence, by the appearance of some distinct peaks of ZnO characteristic of the material. 
Furthermore, peaks corresponding to SiO2 (the primary component of fly ash) and Fe2O3 (identified as ZnFe2O4 at 2θ of 56.7°) 
are also present. This indicates the incorporation of both ZnO and Fe2O3 (potentially merged as ZnFe2O4) from the fly ash, 
corroborated by the compositional data of ZnO/FA found in the XRF analysis (Table 2).  
 

 
Fig. 5. SEM images of ZnO-FA for magnifications 10,000X; (a) NaOH addition (3 g):  b) NaOH addition (stoichiometry) 
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     The FTIR spectrum of the ZnO/FA catalyst samples loaded with 50% ZnO against FA reveals several functional groups 
associated with each sample as shown in Fig. 6. The wavenumber at about 3500 cm-1 in all materials is related to the stretching 
vibration O-H mode of the water molecules closely similar to the oxide catalyst that Roy et al. reports showed 3740 cm-1 of 
peak characteristic indicating O-H symmetric stretching (Roy & Sharma, 2020). Also, a peak at around 2380 cm-1, which 
corresponds to C-H asymmetric/asymmetric stretching, was detected in the ZnO/FA catalyst samples (Yusuff & Bello, 2019). 
The sharp peak observed at 1400 cm-1 in the ZnO/FA sample is associated with the O-Si-O asymmetric stretching mode, 
similar to that reported by Yusuff et al. (Yussuf et al., 2019). Meanwhile, the appearance of bands at 883 and 933 cm-1 in the 
ZnO/FA sample was caused by out-of-plane Al-O vibrations, and ZnO/FA showed a peak at 883 cm-1, which can be ascribed 
to Al-Mg-OH vibrations (Olutoye & Hameed, 2011). Undoubtedly, the functional groups detected on the surface of this 
ZnO/FA composite significantly affect the catalytic reaction. 
 

 
Fig. 6. FTIR analysis result curve of ZnO/FA catalyst for 50% ZnO loading 

 
3.3 ZnO/FA solid catalyst activity analysis 
 
      The synthesized ZnO/FA catalysts were tested through the KSO transesterification process under methanol reflux 
conditions (65oC of reaction temperature), reaction time of 3 hours, catalyst dose of 3 %wt., molar ratio of KSO to methanol 
1:15 to determine their activity of the ZnO/FA catalyst. The amount of zinc oxide (ZnO) loaded onto the catalyst significantly 
impacted the resulting yield of kapok seed oil biodiesel (KSOB), as illustrated in Fig. 7. Yields were lowest at 20% ZnO 
loading, reaching only 26.44% and 28.85% with 3 g and stoichiometric (9 g) NaOH addition, respectively. This suggests 
insufficient ZnO initially limited the reaction, leading to an incomplete conversion and lower yield. In contrast, the highest 
yields of 57.01% and 64.09% were achieved at 60% ZnO loading with 3 g and stoichiometrically NaOH addition, respectively. 
The dramatic increase in KSOB yield observed with increasing ZnO loading (Fig. 3) suggests that ZnO plays a critical role 
in promoting catalytic activity. This likely involves enhanced surface area for reactant adsorption, potentially leading to 
improved reaction kinetics and efficiency. This clear trend demonstrates the crucial role of ZnO as a promoter in boosting 
catalytic activity. Further investigation is needed to elucidate the specific mechanisms underlying this promotional effect. 
 
       Many factors affect the transesterification process, including not only the type and quality of triglyceride (TG) but also 
the type and route of catalyst synthesizing. Likewise, the type of support and promoter of the catalyst plays a significant role 
in increasing the activity of the catalyst (Asri et al., 2013). In addition, the transesterification process variables such as reaction 
temperature, reaction time, molar ratio of oil to methanol, catalyst dose, and stirring speed also significantly affect the quality 
and quantity of biodiesel produced (Asri et al., 2013). Yusuff et al. also stated the highest yield of 83.17 %wt. and the FAME 
content of 98.14 %wt. that was achieved at the optimum temperature of 140°C, 3 hours of time reaction, methanol/oil molar 
ratio of 12:1 and catalyst loading of 0.5 %wt. (Yussuf et al., 2021). Another researcher also reported the maximum oil 
conversion of 86.13 % that was achieved on transesterification of sunflower oil using a fly ash-based catalyst loaded with 5% 
wt. of KNO3 at a reaction temperature of 160ºC, the reaction time of 5 hours and a methanol/oil ratio of 15:1, and 15 %wt. of 
catalyst dose (Babajide et al., 2012).  
 
       Our study achieved a lower biodiesel yield compared to previous works (Yusuf et al. 2021; Babajide et al., 2012). This 
can be attributed to several factors. Firstly, our transesterification temperature (80°C) was significantly lower than theirs 
(150°C and 160°C, respectively). Secondly, Yusuf et al. (2021) pretreated their fly ash and used waste cooking oil with low 
free fatty acids (FFA), while we used untreated FA and kapok seed oil with high FFA (10%). Babajide et al. (2012) used 
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soybean oil with lower FFA. However, we identified a potential route to improve catalyst activity. By modifying the fly ash 
synthesis to include pretreatment and functionalization with sulfonate groups, we could mimic the approach of Yusuf et al. 
and potentially achieve higher performance. These modifications enhance the surface area of the fly ash, allowing zinc oxide 
(ZnO) to adhere more effectively (Yusuf et al., 2021; Muñoz et al., 2020). 
 

 
Fig. 7. Effect of NaOH addition and ZnO loading on biodiesel yield 

 
3.4 KSOB characteristics 
 
      Biodiesel from the transesterification of Kapok seed oil (KSOB) was characterized, including density, moisture content, 
free fatty acids (FFA as oleic acid), viscosity, and iodine value. Table 3 shows the properties of biodiesel resulting from this 
work compared to the biodiesel standard according to SNI 7182-2015. These results indicate that the characteristics of the 
biodiesel produced almost follow the SNI 7182-2015 standard, except for water content and FFA (Kusumaningtyas et al., 
2020). These results are possible because the water removal process's conditions (both temperature and time) are inappropriate 
(Ponnapa et al., 2016). Likewise, the FFA content is still relatively high because KSO as feedstock after the degumming 
process has a high FFA content (about 10%).  
 
     The FFA levels were still high in this investigation because the esterification and transesterification were carried out 
simultaneously under refluxed methanol to examine the synthesized ZnO/FA nanocomposite catalyst. From Table 3, it can 
be seen that the best biodiesel product characteristics are found in 50% NZO loading with the addition of NaOH according to 
stoichiometry, with a free fatty acid content of 2.6298%, saponification number 196, density 0.087713 gr/ml, viscosity 3.13 
cSt, water content 0.005 and iodine number of 62.14 gr I2/100 gr. Therefore, the FFA content of KSO must be at a low value 
before the transesterification process. Therefore, increasing KSOB and FFA content yield in KSOB products is expected to 
comply with SNI 7182-2015 standards. 
 

Table 3. Comparison of KSOB properties with biodiesel standard according to SNI 7182-2015 
Parameter value SNI 7182-2015 

Density (gr/ml) 0,87—0.89 0,85 - 0,89 
FFA as Linoleic (%w/w) 2.55 max. 0,6 
Iodine Value (gr I2/100 g) 63.78 max. 115 
Moisture Content (%w/w) 0.15 max. 0.05 
Viscosity (cSt) 2.6-3.2 2.3 – 6.0 

 
4. Conclusions 
 
      Researchers successfully developed a fly ash-supported nano zinc oxide catalyst using a mix of techniques 
(coprecipitation, precipitation, and impregnation). The optimal catalyst, boasting a surface area of 14.29 m²/g, was achieved 
by precisely adding NaOH and loading it with 60% ZnO. This catalyst effectively converted low-quality kapok seed oil (10% 
FFA) into biodiesel, reaching a maximum yield of 64.29% under specific conditions (80°C, 1:15 oil-to-methanol ratio, 3% 
catalyst, 3 hours reaction time). The produced biodiesel met the national standard (SNI 7182-2015). These results highlight 
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the potential of this catalyst for low-grade oil conversion. Moreover, modifying the synthesis route by pre-treating and 
functionalizing the fly ash support with sulfonates holds promise for further enhancing the catalyst's effectiveness, and 
resulting in high biodiesel yield. 
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