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Mixture of Ferric sulphate (Fe2(SO4)3) and Calcium oxide (CaO) 
supported with alumina were employed as catalysts in this study. 
Production of biodiesel from edible sources is a threat to food security 
globally, to alleviate this problem biodiesel can be produced through 
the exploration of non-edible oils as raw materials and the use of waste 
resources. This work contributes to the development of a catalyst from 
waste cow bone supported with alumina for single step 
transesterication of jatropha curcas oil. The optmal conditions were 
observed at catalyst loading of  5 wt %,  methanol to oil mole ratio of 
15:1, reaction temperature of 60 oC and reaction time of 2 hours. 
Fe2(SO4)3 to CaO/Al2O3 ratio of 4:1 gave optimum conversion as 
indicated by Gas chromatography-mass spectrometry (GCMS) of fatty 
acid methyl ester (FAME) of 96.72% using cowbone derived  CaO and 
97.01% using the commercial CaO at optimum conditions. Fourier 
Transformed Infrared Spectroscopy (FT-IR) analysis showed 
important peaks in 1750 – 1730 cm-1 that confirm the presence of 
biodiesel. From the fuel characteristics of jatropha curcas oil methyl 
esters were found to be well within the range recommended by ASTM 
D6751 for biodiesel. Therefore, the waste-bone catalysts produced for 
transesterification of jatropha curcas oil successfully produced 
biodiesel from jatropha curcas oil using one-step simultaneous 
esterification and transesterification with ferric sulphate to CaO/Al2O3. 
The study's results suggest that non-edible jatropha curcas oil could be 
a good substitute for petro-diesel. Brunauer−Emmett−Teller (BET) 
surface area of CaO/Al2O3 was found to be 533.9 m2/g with pore volume 
of 0.2722 cc/g and width of 2.647nm while that of CaO was found to be 
427. 5 m2/g. 
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 Introduction 
Fossil fuel plays a very vital role as energy in our day-to-day activities. Due to the depletion of fossil fuel reserve 
and the adverse effect of fossil fuel in the environment, there is need for a renewable source with no negative 
effect to the environment such as release of greenhouse gases. Biodiesel is an alcoholic ester of various fatty acids, 
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also known as FAMEs (fatty acid methyl esters); it is synthesized from plant oil, lipids of microalgae, animal fat, 
and sewage sludge via the transesterification process [1].  Biodiesel is a renewable fuel which serves same purpose 
as conventional diesel fuel. Biodiesel is environmentally friendly because it has low carbon dioxide emission, 
biodegradable fuel, high cetane number and combustion efficiency, lower aromatic and sulphur content unlike 
petroleum diesel [2].  Biodiesel can be made from either edible or non-edible oils in the presence of a catalyst. 
However, the high price of the feedstock used to produce biodiesel is the primary obstacle to its widespread use 
as a fuel replacement. Therefore, the cost of the final product can be reduced significantly through careful 
consideration of the feedstock [3]. Depending upon used feedstocks for production and several production 
technologies, biodiesel is categorized into four generations. Using edible feedstocks like rapeseed, palm oil, corn 
etc gives first generation biodiesel, whereas non-edible feedstocks like rubber seed, neem, jatropha etc and waste 
oil can be used for biodiesel production of second generation. Feedstocks that do not compete with crops for land 
include microalgae, which is used for third-generation biodiesel. The fourth generation comprises genetically 
modified algae, electro-fuels, and photo-biological solar fuels. This generation represents an emerging field of 
research that requires extensive studies for further exploration in the future [4]. Apart from the first three 
common generations of biodiesel mentioned, the fourth generation has also been identified to be made from 
genetically modified algae [5]. Addition of Alumina support is to affect its surface area and increase the basic sites. 
Biodiesel is usually produced through esterification and transesterification reactions of vegetable oils and/or 
animal fats with an alcohol. Methanol or ethanol is usually the alcohol for biodiesel preparation in the presence of 
either homogeneous or heterogeneous catalyst. The use of CaO for transesterification of oil with high free fatty 
acid (FFA) (above 1%) is difficult.  The amount of FFA is important to select the appropriate catalyst [6]. One step 
simultaneous esterification and transesterification is a method of producing biodiesel in just a single reaction. The 
conventional method of biodiesel production requires a first step reduction of high FFA content of oils by acid-
catalysed esterification followed by an alkali-catalysed transesterification which is the second step [9].  
Homogeneous catalysts are difficult to recover, hence increasing the cost of biodiesel production [10]. 
Heterogeneous acid catalysts are an alternative to avoid the alkaline pathway for producing alkyl esters from oils 
with a high content of free fatty acids [9]. In the conventional two steps, Sulphuric acid which is a homogeneous 
catalyst and not easily recoverable is often used in the first step because of its high conversion and low cost [7]. 
These disadvantages and high cost of metal oxides have caused research for different sources of heterogeneous 
catalysts [10]. Bones among other raw materials are several sources of calcium such as eggshells and mollusks. 
Bone consists of organic and inorganic materials [10]. Cattle bones is containing 42.8% calcium, 16.85% phosphor, 
1.08% sodium and 0.71% magnesium. Based on the content contained in cow bones, cow bones can be used as a 
source of calcium [11]. It also consists of inorganic materials such as calcium phosphate (65-70%), protein and 
collagen matrix (30-35%).  To deal with the higher cost of fatty acid methyl ester and make it a viable fuel on a 
broad scale, creating a cheap and heterogeneous catalyst from waste resources could be good way [12]. Alumina 
was added to CaO via wet impregnation method to enhance the catalytic performance of the catalyst by increasing 
its surface. Ferric sulphate is a substitute for sulphuric acid for the esterification of FFA since it is heterogeneous 
hence, easy to recover. It is environmentally friendly and easy to separate. Ferric sulphate has much higher 
catalytic activity compared to sulphuric acid [13]. Jatropha Curcas is an oil-bearing plant that has high oil yield 
compared to other non-edible plants, and it is drought resistant [14] and [15]. Jatropha Curcas is non-edible and 
can grow in non-arable land without causing food crisis since it’s non-edible [16].  

In this study, one step esterification and transesterification of Jatropha curcas oil and methanol was carried 
out using ferric sulphate and cow bone ash as source of CaO. Previous research has reported on attempts to 
improve the characteristics of CaO (obtained from discarded bones) by various chemical and physical means. 
Numerous studies show that CaO can be effectively mixed with other metals to enhance its catalytic property 
[17,18]. Hence, the objective of the present study was to improve the catalytic activity of the CaO catalyst that had 
been created using discarded bones by impregnating the catalyst with alumina as the active species. Consequently, 
the current study's contribution/novelty consists of the development of catalyst CaO/Al2O3 synthesized from 
waste bones and its utilization in fatty acid production from Jatropha Curcas oil. The products obtained were 
analyzed with GC-MS and FTIR for esters yield and viscometer for viscosity. Also, the acid value, iodine value, 
saponification value, cloud point, pour point and density were analyzed using the accepted American Society for 
Testing and Materials (ASTM) D6751 and EN 14214. Procedure. Characteristics of biodiesel were evaluated, 
including its Flash Point, Cloud Point, Kinematic Table 1 displays the estimated results, which show that all the 
properties fall within acceptable ranges for biodiesel. 
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 Materials and Method  

 Materials and Sample Preparation 
The Jatropha Curcas oil (JCO) used for this research was supplied by the National Research Institute for Chemical 
Technology (NARICT). Cow bones were sourced from Abattoir, Zango, Zaria, Kaduna State. Methanol, calcium 
oxide and ferric sulphate, in the analysis phase 99% and pure were obtained from Cardinal Chemicals, Zaria. 
Alumina was collected from the Department of Chemical Engineering. Equipment used are Gallen Kamp hot plate 
magnetic stirrer, 500 ml one neck flat bottom flask, funnel, filter paper and thermometer. Calcium Oxide was 
prepared from cow bone. The Cow bones were first washed with water to remove dirt from the bones. The washed 
bones were boiled with water for 1 hour at 120 oC to aid the removal of oil, fats, tissues and flesh from the bones. 
The purified cow bones were oven dried at 105 oC for 24 hours, crushed using an electric crushing machine, ball 
milled, and sieved with 125 µm. The sieved cow bone was calcined at 900 oC for 2 hours. 

 Preparation of CaO/Al2O3 Catalyst 
The wet impregnation method was employed for the preparation of CaO/Al2O3 catalyst [19]. Alumina was used as 
support on the prepared catalyst because of its high surface area and high thermal stability. 80 % Alumina was 
mixed with 20 % CaO in 40ml distilled water. The solution was first evaporated at 70 0C for 60 min on a water 
bath, then oven dried at 120 0C for 90 minutes and calcined at 700 oC for 90 minutes.  

 Determination of FFA 
1.0 g of Jatropha Curcas oil sample was dissolved in 25 ml of propan-2-ol with addition of two drops of 
phenolphthalein to the solution. The solution was titrated against 0.1 M potassium hydroxide until appearance of 
pink colour is seen.  A separate titration (blank) was performed by titrating 25 ml of propan-2-ol against 0.1M 
potassium hydroxide. The difference of the two titre values (V) was used to determine the FFA of the oil. 

𝐹𝐹𝐹𝐹𝐹𝐹 = �0.1𝑀𝑀 × 𝑉𝑉 ×
56.1𝑔𝑔
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

�/(1.0𝑔𝑔) (1) 

%𝐹𝐹𝐹𝐹𝐹𝐹 =
𝐹𝐹𝐹𝐹𝐹𝐹

2  (2) 

 One-Step Esterification and Transesterification  
One step esterification and transesterification were carried out for methyl ester production from Jatropha Curcas 
oil. The use of one step as against the conventional two steps is to reduce the overall time of reaction, reduce cost 
of materials and energy consumption [20]. In this work, reaction temperature of 60oC, reaction time of 120 
minutes, methanol to oil mole ratio of 15:1 and agitation rate of 400 rpm were kept constant while ferric sulphate 
to CaO/Al2O3 ratio were varied. Increasing the methanol to oil ratio particular critical value does not promote the 
reaction rate or percentage yield [21] hence this was kept constant. 50 g of oil was weighed and placed in a 500 
ml flat bottom flask and was heated using a Gallen Kamp hot plate magnetic stirrer at 60oC for 60min. 750g of 
methanol was then added to the heated mixture, stirred with magnetic stirrer and the reaction mixture was 
allowed to react for 120 minutes. After the end of each reaction time, the catalyst was filtered off and the filtrate 
was transferred into a separating funnel and allowed to separate overnight. The glycerol which is denser than the 
biodiesel was collected at the bottom while the biodiesel was washed with hot water to remove impurities after 
which it was taken for FTIR and GCMS analysis.  

 Catalyst Characterization and Biodiesel Analysis 
The catalyst CaO/Al2O3 was characterized for BET surface area, pore size and pore volume using a NOVA 4200e 
BET machine. FTIR and GCMS were used for analysis of the biodiesel produced. 

 Results and Discussions  

  BET Surface Area of Calcined Cow Bone Supported with Alumina 
Table 1 show the catalyst surface area analyzed using NOVA 4200e BET machine. The multipoint BET surface area 
of the CBA/Al2O3 was found to be 533.9 m2/g with pore volume of 0.27 cc/g and width of 2.647nm while that of 
pure cow bone without support was found to be 427. 5 m2 /g. The high surface area of the CBA/Al2O3 catalyst was 
due to high ratio (80% alumina) of alumina on the precursor catalyst. [22] and [23] reported that high surface 
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area reduces leaching of precursor to medium and produced a high fatty acid methyl ester conversion. The pore 
diameter of the composite catalyst of 2.647 nm indicate a mesopores while the pore volume was 0.27 cc/g. A high 
surface area and pore volume contribute to the catalytic activity of solid catalysts [24]. The high fatty acid methyl 
ester conversion is due to alumina’s large specific area which enhances high dispersion of active sites [25] and 
[26] reported that alumina-supported potassium iodide gave the highest catalytic activity and highest conversion 
compared to CaO catalyst. [23] used an alumina support on heterogeneous catalyst and confirmed the catalyst 
supported with alumina has the highest conversion.  High surface area, large pore volume and smaller pore sizes 
allow triglycerides of different sizes to enter the pores of the catalyst, which gives a large surface for proper 
transesterification [27].  

Table 1 BET surface area and pore size of CBA and CBA/Al2O3 

 Morphology of Cow Bone Ash  
The SEM-EDX data is presented in Figure 1, the SEM image (Figure 1a) of the thermally treated bone shows that 
the collagens and other organic components originally present in the bone matrix were expelled, resulting in a 
more porous material [28]. The impregnation of Alumina onto the calcined bone, followed by further thermal 
treatment, led to a noticeable change in morphology, as illustrated in Figure 1b. The treated bone in Figure 1b 
displays molecules that have bonded together to form aggregates. These aggregates likely contribute to a higher 
specific surface area, facilitating better contact between the catalyst and the reactant mixture. This observation 
aligns with the findings reported by [29]. In contrast, the unsupported catalyst exhibited a rough, layered surface 
with low porosity and a more compact texture compared to the supported catalyst. The elemental composition of 
the CaO/Al2O3 catalysts by EDX analysis is summarized in Table 2. 
 
 

 

Fig. 1 Scanning electron microscope (1500X magnification) of (a) Calcined cow bone ash; (b) Cow bone 
ash/Alumina  

 

Sample Specific surface area 
(m2/g) 

Average pore diameter 
(nm) Pore volume (cm3/g) 

CBA 427.500 6.503 0.191 
CBA/Al2O3 533.900 5.839 5.839 

  
(a) CBA (b) CBA/Al2O3 

https://www.sciencedirect.com/topics/chemical-engineering/mesopore
https://www.sciencedirect.com/topics/materials-science/pore-volume
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Table 2 EDX analysis CaO/Al2O3 catalyst 

 
In Table 2 The major elements found in the composite catalyst were aluminum, calcium, phosphorous silicon 

and magnesium. This represents a mix of alkaline (calcium, magnesium and potassium) and acidic elements 
(silicon and iron) indicating that the catalyst has bifunctional capability. This means that the catalyst has the 
capacity to simultaneously catalyze esterification and transesterification during biodiesel production. They are 
also highly active elements and could be responsible for the catalytic activity of the catalyst [30]. 

The FFA of the raw JCO was calculated to be 6.3 using Equation 1 above hence %FFA is 3.15. FTIR and GCMS 
were used to analyses the biodiesel produced for conversion obtained.  GCMS analysis gave FAME conversion of 
96.72% for CaO from cattle bone ash and 97.01% for commercial CaO at 2-hour reaction time, 15:1 methanol to 
oil ratio, temperature of 60oC and 5wt% catalyst at 4:1 Ferric sulphate: CaO/Al2O3 ratio. 

One step transesterification of JCO using CaO/Al2O3 and ferric sulphate as catalyst was done using CaO 
sourced from cow bone ash and commercially sourced CaO. The FTIR peaks of JCO at 1744.4 cm-1confirm the 
presence of fatty acid methyl ester. These methyl esters were also confirmed in a GCMS analysis where all the 
esters and the masses of the esters present were listed in Table 4. The fatty acid profile revealed that tridecanoate, 
linoleic, palmitate and arachidic acids were the dominant fatty acids (Table 4). The results also showed that the 
biodiesel contained more saturated fatty acid methyl esters. Previous research has shown that biodiesel with more 
saturated fatty acid methyl esters has higher thermal efficiency and lower emission loads [31]. Saturated fatty acid 
methyl esters are helpful in maintaining the oxidative stability of biodiesel.  The biodiesel samples had specific 
gravity of 0.89 and 0.88 which are within range of 0.86-0.9 EN standard [32]. Their viscosity was 4.78 also fall 
within the range 3.5 -5.0 EN standard and 1.6-6.0 ASTM standard [32]. Their acid values are lower than the 
minimum standard for both EN and ASTM 0.5 mg KOH/g [32]; hence they are suitable for use in any diesel engine.  
The physicochemical properties are shown in Table 1. The GCMS analysis gave a FAME conversion of 97.01% for 
biodiesel using commercial CaO and 96.72% biodiesel using cow bone ash supported on alumina. The biodiesel 
produced from synthesized cow bone and commercial CaO meets minimum ASTM standard of 96.5 % for 
conversion. 

Table 3 Properties of JCO and derived biodiesel 

Property JCO CBA derived 
Biodiesel 

Commercial CaO 
derived Biodiesel 

ASTM D6751 -02 
Standard/ EN 14214 

Ester content (%) -  96.720 97.010 96.500 
Density at 400C 
(g/cm3)  0.920 0.89 0.880 0.875 - 0.900 

Viscosity at 400C 
(mm2/s)  32.500 4.78 4.780 1.900 – 6.000 

Acid value (mg 
KOH/g)  12.600 0.264 0.120 0-0.500 

Pour point (0C)  - 4.000 3.000     −15 to 16 
Cloud point (0C) - 13.000 10.000    −3.0 to 12 
Iodine value (mg 
I/100g oil)  102 104 105 120 

 

 

 

Elements Composition (wt.%) 
Al 50.41 
Ca 34.07 
P 13.91 
S 0.52 

Mg 0.50 
Na 0.30 
Si 0.28 

https://www.sciencedirect.com/topics/chemical-engineering/saturated-fatty-acid
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Table 4 Fatty acid profile of the produced biodiesel 

 FTIR Analysis 
The vibrational characteristics and determination of the functional groups of Jatropha curcas oils and the derived 
biodiesel was done via FTIR spectroscopy. The spectra of raw oil and biodiesel produced using CaO/Al2O3 and 
CBA/Al2O3 is shown in Figure 2. The most intense and broad peaks occur at 2922 cm-1, 2855 cm-1, 1744 cm-1, 1461 
cm-1, 1162 cm-1 and 723 cm-1. From the plot, the peaks corresponding to presence of metal carboxylates were 
absent as depicted by a flat profile within the expected range of 1580 – 1541 cm-1, independently reported that 
peaks corresponding to 1750 – 1730 cm-1 represent the presence of fatty acid methyl esters which are essentially 
biodiesel. Peaks at 1744 cm-1 are the case of produced biodiesel which has low peak for the raw oil. The differences 
observed between the spectra of raw oil and biodiesel is small since the product of the transesterification process 
is chemically like its precursor JCO. The peaks at 1461 cm-1 correspond to the asymmetric stretching of -CH3 
present in the biodiesel spectrum and absent in the raw oil spectrum [32]. The stretching of O-CH3, represented 
by the absorbance at 1162 cm-1, is typical of biodiesel. Region between 1075–1100 cm-1 is present only in the raw 
oil spectrum and absent in biodiesel. These findings are like previous findings for products of biodiesel 

 

 

 

 

 

 

 

 

Peak Compound Molecular Formular Molecular Mass Conversion% 
1 3Hexene2,5diol  C6H12O2 116.16 1.44 
2 *Methyl Tridecanoate  C14H28O2 228.38 0.23 
3 1,4Dimethoxybenzene  C8H10O2 138.17 0.91 
4 2,6Dimethoxyphenol  C8H10O3 154.17 0.41 
5 * Methyl Linoleate  C19H34O2 294.26 2.75 
6 * Methyl Linolenate  C18H30O2 280.45 3.20 
7 *Methyl Hexadec9enoate  C16H30O2 254.22 3.40 
8 * Methyl Oleate  C19H36O2 296.27 38.54 
9 *Methyl Myristate  C15H30O2 242.40 1.08 

10 *Methyl Arachidate  C21H42O2 326.57 3.06 
11 * Methyl Palmitate  C17H34O2 270.26 22.15 
12 * Methyl Stearate  C19H38O2 298.29 10.25 
13 *Methyl Tetracosanoate  C24H4802 368.63 0.14 
14 *Methyl Heneicosanoate  C22H44O2 340.59 3.30 
15 *Methyl Lignocerate  C25H48O2 380.14 3.11 
16 *Methyl Margarate  C18H36O2 284.48 2.50 
17 *Methyl Melissate  C31H62O2 466.84 2.82 
18 1Heptadecene  C17H34 238.46 0.09 
19 Hexadecanenitrile  C16H31N 237.43 0.24 
20 Squalene C30H50 410.72  



67 J. of Science and Technology Vol. 17 No. 1 (2025) 61-70 

 

 

 
 

Fig. 2 FTIR analysis of JCO at optimum 

 Effect of Ferric Sulphate to CaO/Al2O3 Ratio on Conversion 
The effect of ratio of ferric sulphate to supported calcium oxide was studied on conversion of biodiesel at reaction 
condition of 60 0C reaction temperature, 120 min reaction time and 15:1 methanol to oil ratio. At 5 wt % catalyst 
loading, ratio of ferric sulphate to CaO/Al2O3 at 1:1 gave a conversion of 89.72% for biodiesel using commercial 
CaO and 88.23% using CaO synthesized from cow bone. Ferric sulphate to CaO/Al2O3 ratio was adjusted to 2:1 and 
a noticeable increase in yield of biodiesel was confirmed and soap formation was reduced from product formed. 
The optimum conversion was at 4:1 ferric sulphate to CaO/Al2O3 ratio as shown in Figure 3. Alumina supported 
CaO with ferric sulphate enhanced high fatty acid methyl ester conversion for single step transesterification. This 
finding concurs with [25] who reported that alumina has very large specific area which enhances high dispersion 
of active sites. The high specific surface area of alumina provides a larger interface for interactions between the 
catalyst and the reactants. This property is particularly advantageous in catalytic processes, as it facilitates better 
adsorption of reactants onto the catalyst surface and increases the likelihood of chemical reactions occurring at 
the active sites [20]. 
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Fig. 3 Effect of ferric sulphate: CaO/Al2O3 ratio on conversion 

 Conclusions 
One-step simultaneous esterification and transesterification method using heterogeneous catalysts (ferric 
sulphate, commercial calcium oxide and synthesized calcium oxide from cow bone) both anchored on alumina 
was carried out on JCO. High biodiesel quality of 97.01 and 96.72 % methyl esters yields were obtained from that 
catalysed by commercial and synthesized calcium oxide catalysts respectively. These were achieved at 2 hours 
with 15:1 methanol to oil ratio at 60oC. This method reduces cost and time as the catalysts used are recoverable 
by simple filtration. Biodiesel of high ester yield was successfully produced using one-step simultaneous 
esterification and transesterification with ferric sulphate to CaO/Al2O3 of 4:1. BET analysis revealed large surface 
area and pore volume of the CaO/Al2O3 catalyst which provides many accessible active sites. The FTIR peaks of 
JCO in 1744.4cm-1 confirm the presence of fatty acid methyl ester. The high surface area, pore volume, and 
bifunctionality as revealed by the SEM contributed most to the high efficiency of the catalyst in converting JCO to 
biodiesel. 

Acknowledgements  
The authors would like to express their appreciation to the Department of Chemical Engineering, Faculty of 
Engineering Ahmadu Bello University, Zaria for providing facilities and special thanks goes to the National 
Research Institute for Chemical Technology (NARICT) for the technical support. 

Conflict of Interest 
The authors declare that there is no conflict of interests regarding the publication of the paper. 

Author Contribution  
The authors confirm contribution to the paper as follows: study conception and design: Haruna Ibrahim; data 
collection: Abdulkareem Abubakar; analysis and interpretation of results: Nelson Evangnum Jack; draft 
manuscript preparation: Suleiman Yunusa. All authors reviewed the results and approved the final version of the 
manuscript. 

References 
[1] Jan, H.A., Osman, A.I., Al-Fatesh, A.S., Almuntairi, G., Raja, I.S., Al-otaibi, L., Al-zakiqir, N., Kuma, P. and 

Rooner, D.W. (2023).  Biodiesel production from Sisymbrium irio as a potential novel biomass waste 
feedstock using homemade titania catalyst. Scientific Report 13, 11282. https://doi.org/10.1038/s41598-
023-38408-y 

82

84

86

88

90

92

94

96

98

1:01 2:01 3:01 4:01

co
nv

er
si

on
(%

)

Ratio Ferric Sulphate: CaO/Al2O3

biodiesel using 
commercial CaO

biodiesel using 
CBA catalyst

https://www.sciencedirect.com/topics/materials-science/pore-volume
https://doi.org/10.1038/s41598-023-38408-y
https://doi.org/10.1038/s41598-023-38408-y


69 J. of Science and Technology Vol. 17 No. 1 (2025) 61-70 

 

 

[2] Gemma V., Martınez M, Jose A. (2004). Integrated biodiesel production: a comparison of different 
homogeneous catalysts systems. Bioresource Technology 92, 297–305. 
https://doi.org/10.1016/j.biortech.2003.08.014 

[3] Nwakwuribe, V.C., Nwadinob, C.P., Igri, U.O., Ochiabuto, N.C. and Ibegbu, N.C (2024). Effects of 
Transesterification Process Parameters on Production of Biodiesel from Oil Extracted from Cat Fish Using 
Raw, Acid, Alkaline and Thermally Modified Potassium Hydroxide as Catalyst. Journal of Applied Sciences 
and Environmental Management Vol. 28 (8) 2515-2524. 

[4] Syafiuddin, A., Chong, J.H., Yuniarto, A., Hadibarata, T., 2020. The current scenario and challenges of 
biodiesel production in Asian countries: A review. Bioresource Technology Reports. 
https://doi.org/10.1016/j.biteb.2020.100608 

[5] Edeh, I. (2020). Biodiesel Production as a Renewable Resource for the Potential Displacement of the 
Petroleum Diesel. In Biorefinery Concepts, Energy and Products. 
IntechOpen.https://doi.org/10.5772/intechopen.93013 

[6] Fangrui M, Milford A, H. (1999). Biodiesel production: A review. Bio resources Technology., 70: 1-15. 
https://doi.org/10.1016/S0960-8524(99)00025-5 

[7] Zhang Y, Wong, W.T, Yung K.F, (2013). One-step production of biodiesel from rice bran oil catalysed by 
chlorosulfonic acid modified zirconia via simultaneous esterification and transesterification. Bioresource 
Technology 147, 59-64. DOI: 10.1016/j.biortech.2013.07.152  

[8] Policano M. D., Rivaldi J. D., de Castro H. F., Carneiro L. M (2016). Simultaneous esterification and 
transesterification of andiroba oil using niobium oxide-sulfate as catalyst. International Journal of 
Engineering Research and Science 176-184.  

[9] Sabat O. C. S, Risfidian M (2017):  Preparation of calcium oxide from cattle bones as catalyst for conversion 
of waste cooking oil to biodiesel.  Science and Technology Indonesia, 2, 77-79. 
https://doi.org/10.26554/sti.2017.2.3.76-79 

[10] Wang, Y., Ou, S., Liu, P., & Zhang, Z. (2007): Preparation of biodiesel from waste cooking oil via two-step 
catalyzed process. Energy Conversion and Management. 48, 184-188 
http://dx.doi.org/10.1016/j.enconman.2006.04.016 

[11] Mulyono, M N Pand Hidayat, T. (2022). Effectiveness of Cattle Bone Ash Nano Particle as a Source of P to 
Replace SP 36 Fertilizer in Sweet Corn Cultivation in Entisol soil.  IOP Conference Series.: Earth 
Environmental Sciences 985 012055 DOI 10.1088/1755-1315/985/1/012055 

[12] Gohain, M., Devi, A., Deka, D. (2017). Musa balbisiana Colla peel as highly effective renewable 
heterogeneous base catalyst for biodiesel production. Industrial Crops and Products. 109 8-18 

[13] Achten W. M. J, Mathijs E, Verchot L, Singh VP, Aerts R, Muys B (2007). Jatropha biodiesel fueling 
sustainability: A perspective. Biofuels Bioproducts & Biorefining.1, 283-291. 
https://doi.org/10.1002/bbb.39. 

[14] Ibrahim H., Chika E, Aminu H, Deborah C.U.N, Olabode O, Amina A, Amina M.I (2014): Comparison of palm 
oil and Jatropha curcas oil for biodiesel production in Nigeria using bulk CaO catalyst. International Journal 
of emerging technologies and engineering 1, 28-32. 

[15] Ibrahim H., Ahmed A. S., Bugaje I. M. and Mohammed-Dabo I. A. (2018). Product Qualities of Biodiesel 
Produced from a Process Intensify Pilot Plant. Chemical Science International Journal 22(2): 1-13. DOI: 
10.9734/CSJI/2018/40501  

[16] Yaqoob, H., Teoh, Y. H., Jamil, M. A., Rasheed, T., & Sher, F. (2020). An experimental investigation on 
tribological behaviour of tire-derived pyrolysis oil blended with biodiesel fuel. Sustainability, 12(23), 9975. 
https://doi.org/10.3390/su12239975 

[17] Obadiah, A., Swaroopa, G. A., Kumar, S.V., Jeganathan, K. R., Ramasubbu, A. (2012). Biodiesel production 
from Palm oil using calcined waste animal bone as catalyst. Bioresource Technology 116, 512–516. 

[18] Mahesh, S. E., Ramanathan, A., Begum, K. M. M. S., Narayanan, A., 2015. Biodiesel production from waste 
cooking oil using KBr impregnated CaO as catalyst. Energy Convers. Manag. 91, 442–450. 

[19] Sulaiman, N. F., Leong Y. W, Lee, S. L., Toemen, S., Azelee, W., Abu Bakar, W. (2023). 
Enhancedtransesterification reaction using chromium-doped calcium oxide-based catalyst supported on 
alumina and its specification of biodiesel. Energy Conversion and Management, Vol. 293. 
www.doi.org/10.1016/j.enconman.2023.117556? 

[20] Evangnum, N. J., Yunusa, S., Abubakar, A., Ibrahim, H. (2021). Effect of alumina support on cow bone-based 
catalyst in one-step transesterification of neem seed oil.  Applied Journal of Environmental Engineering 
Science 205-212 

[21] Zabeti, M., Daud, W. M. A. W. and Aroua, M. K. (2010). Biodiesel production using alumina-supported 
calcium oxide: An optimization study. Fuel Processing Technology, 91: 243–248. DOI 
https://doi.org/10.1016/j.fuproc.2009.10.004. 

[22] Theodoro, P., Pedro, A., & Silva, E. A. (2017). Synthesis of bifunctional calcium oxide supported on gamma 
alumina for biofuel production from the transesterification of crambe oil -Acid base catalysis, 7-10. 

https://doi.org/10.1016/j.biortech.2003.08.014
https://doi.org/10.1016/j.biteb.2020.100608
https://doi.org/10.5772/intechopen.93013
https://doi.org/10.1016/S0960-8524(99)00025-5
https://doi.org/10.1016/j.biortech.2013.07.152
https://doi.org/10.26554/sti.2017.2.3.76-79
http://dx.doi.org/10.1016/j.enconman.2006.04.016
https://doi.org/10.1002/bbb.39
https://doi.org/10.9734/CSJI/2018/40501
https://doi.org/10.3390/su12239975
https://www.doi.org/10.1016/j.enconman.2023.117556
https://doi.org/10.1016/j.fuproc.2009.10.004


J. of Science and Technology Vol. 17 No. 1 (2025) 61-70 70 

 

 

[23] Xie, W. and Li, H. (2006). Alumina-supported potassium iodide as a heterogeneous catalyst for biodiesel 
production from soybean oil. Journal of Molecular Catalysis A: Chemical, 255: 1-9. DOI: 
10.1016/j.molcata.2006.03.061 

[24] Madai, I.J., Chande Jande, Y.A. and Kivevele, T. (2020). Fast rate production of biodiesel from neem seed oil 
using a catalyst made from banana peel ash loaded with metal oxide (Li-CaO/Fe2(SO4)3) Advance Material 
Science Engineering. 10.1155/2020/782502 

[25] Sulaiman, N. B. (2017). Response surface methodology for the optimum production of biodiesel over 
Cr/Ca/r-Al2O3 catalyst: catalytic performance and physicochemical studies. Renewable energy, 113, 697-
705. DOI: 10.1016/j.renene.2017.06.007 

[26] Samuel O.D, Ashiedu F.I. and B. U. Oreko B.U. (2016). Analysis of Coconut Ethyl Ester (Biodiesel) and Fossil 
Diesel Blending: Properties and Corrosion Characteristics. Nigerian Journal of Technology (NIJOTECH) Vol. 
35, No. 1, January 2016, pp. 107 – 113. http://dx.doi.org/10.4314/njt.v35i1.17 

[27] Said N.H., Ani F.N. and Said F.M. (2015). Journal of Mechanical Engineering and Sciences (JMES), Vol. 8, pp. 
1302-1311 

[28] Barabás I. and Todoruţ I. (2011). Biodiesel Quality, Standards and Properties, Biodiesel-Quality, Emissions 
and By-Product. ISBN: 978-953-307-784-0, https://doi.org/10.5772/25370 

[29] Tanwar, D., Ajayta, D., Mathur, Y., & Sharma, D. (2013). Production and Characterization of Neem Oil Methyl 
Ester. International Journal of Engineering Research and Technology. 2(5), 1896 -1902. 

[30] Yusuff, A.S., Adeniyi, O.D., Azeez, S.O., Olutoye, M.A., Akpan, U.G.  (2019) Synthesis and characterization of 
anthill-eggshell-Ni-Co mixed oxides composite catalyst for biodiesel production from waste frying oil 
Biofuels, Bioproducts and Biorefining, 13  37-47, 10.1002/bbb.1914 

[31] Etim, A. O, Musonge, P., Eloka-Eboka A.C. (2021). An effective green and renewable heterogeneous catalyst 
derived from the fusion of bi-component biowaste materials for the optimized transesterification of linseed 
oil methyl ester Biofuels, Bioproducts Biorefining, 15 (2021), pp. 1461-1472, 10.1002/BBB.2252 

[32] Soares I. P., Rezende T. F., Silva R. C., Castro E. V. R., and Forte I. C. P. (2008). Multivariate calibration by 
variable selection for blends of raw soybean oil/biodiesel from different sources using Fourier Transform 
Infrared spectroscopy (FTIR) spectra data, Energy Fuels (22), 2079-2083. DOI: 10.1021/ef700531n 
 

 

 

 

http://dx.doi.org/10.1016/j.molcata.2006.03.061
https://doi.org/10.1155/2020/7825024
http://dx.doi.org/10.4314/njt.v35i1.17
https://doi.org/10.5772/25370
https://doi.org/10.1002/bbb.1914
https://doi.org/10.1002/BBB.2252
http://dx.doi.org/10.1021/ef700531n

