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Introduction
Increased population growth, change in lifestyles, urbanization, and many other reasons, 

have precipitated an upsurge in the global demand for energy in the last few decades. This 
increased demand for energy, environmental concerns, depletion in fossil fuel reserves, 
instability in the global oil price, continuous increases in the price of fossil-based petroleum 
products, high cost of exploration and unacceptable combustion and performance of fossil-
based fuels in internal combustion engines has led to an urgent search for sustainable 
alternative fuel to substitute fossil-based fuel [1]. In the last decade, the world has witnessed 
many changes in the energy field where many companies around the world created new 
strategies based on reducing the environmental impact and achieving competitive prices of 
biofuel compared with fossil fuel. The new form of energy has several features. It requires 
lower cost of infrastructure and lower environmental impact since it will replace a big share 
of demand for fossil fuel. In addition, it reduces effects of greenhouse gases due to less SOx, 
NOx and CO2 gases emissions compared with fossil fuel production.

At the same time the capability to produce it from different raw agriculture materials, edible 
and non-edible oil is increasing. However, it is less than expected due to bad weather drought 
affect and growth of global [2,3]. Today biodiesel compared with petroleum is considered an 
environmentally friendly fuel due to low carbon dioxide emissions, biodegradable fuel, high 
cetane number, high combustion efficiency, lower aromatic and sulfur content in comparison 
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Abstract
In this study, biodiesel was prepared by transesterification reaction of waste cooking oils using a 
heterogeneous catalyst (CaO/NaF) prepared from waste eggshells, which can be reused for several 
cycles, and the optimal conditions for the preparation were studied. This work aims to prepare and 
evaluate biodiesel according to the quality requirements specified in international standards and to 
study the possibility of mixing it with petroleum diesel fuel at the ratios of 5%, 20%. Biodiesel was 
obtained with a yield of 94.5% under the optimum reaction conditions: mol oil to alcohol ratio (1:9), 
catalyst ratio (4% of oil weight), temperature 60 °C and reaction time of 120 minutes. The pure biodiesel 
(B100) was characterized by gas chromatography coupled with mass spectrometry (GC.MS) and infrared 
spectroscopy (FTIR). The physical and chemical characteristics of the prepared biodiesel B100 and 
biodiesel samples mixed with petroleum diesel (B5, B20) were also studied. The results showed that the 
physical and chemical specifications of biodiesel samples (B100, B5, B20) were in accordance with the 
American (ASTM) and European (EN) standards.

Keywords: Biodiesel; Transesterification; Egg shells; Waste cooking oils; Sodium fluoride; Petroleum 
diesel

Nomenclature: ASTM: American Society for Testing Materials; EN: European Standards; B: Biodiesel; 
B100: (100% biodiesel); B20: (80% diesel and 20% biodiesel); B5: (95% diesel and 5% biodiesel); FFA: 
Free Fatty Acid; WCO: Waste Cooking Oil; FAME: Fatty Acid Methyl Ester
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to petroleum diesel, making the biodiesel a competitive fuel in 
the market [4,5]. Biodiesel production aims to get good qualities 
and quantities by choosing suitable and cheap feedstock such as 
virgin vegetable oils, used cook oils and animal fats. Other types of 
edible vegetable oil can be used for instance; soybean oil, sunflower, 
palm oil, canola and peanut oil or even non-edible oils such as sea 
mango, jatropha, rubber seed and pongamia pinnata [6]. Direct use 
of the oil causes poor fuel atomization in injection, gum formation, 
deposition of coke in engine, oxidation and polymerization of fatty 
acids due to the high viscosity of the oil. The combustion efficiency 
decreases because of insufficient mixing of the fuel with air leading 
to higher emission of hydrocarbons. 

By producing biodiesel, the physical properties of the oils 
are enhanced making the biodiesel a reliable, safe fuel to use for 
diesel engines. Biodiesel uses to be blended with conventional 
diesel in different percentages [7,8]. There are various production 
procedures for development of biodiesel, namely microemulsion, 
pyrolysis and transesterification. Transesterification process is 
mostly used in the industrial production of biodiesel due to its cost 
affordability. Among the mentioned procedures, transesterification 
is the most common, economic, high conversion yield and 
appropriate method for biodiesel production [9,10]. Biodiesel is 
produced through transesterification reactions of vegetable oil 
and animal fats with alcohol. Methanol or ethanol are usually the 
alcohols for biodiesel preparation. The reaction is facilitated with 
a suitable catalyst either homogeneous or heterogeneous [11]. 
The use of homogeneous alkali or acid catalysts has some hurdles 
associated with them. These include excessive consumption of 
reactants, soap formation, environmental pollution and separation 
difficulty, which may add to the cost of biodiesel production [12]. 

The use of heterogeneous solid catalyst has been proposed as 
a solution to various drawbacks linked to homogeneous catalysts. 
The development of a calcium oxide catalyst derived from eggshell 
waste biomass has been receiving attention because it is reusable, 
recoverable, ecofriendly, not corrosive and produces no soap [13]. 
The competition of producing biodiesel related with raw materials 
cost is high since the production process uses edible oil. Moreover, 
the conflict on food prices is currently high. For these reasons, 
the use of cheap non-edible vegetable oils or waste cooking oils 

decreases the cost of the raw materials [14]. Biodiesels produced 
from vegetable oils and animal fats have been shown to have 
a higher viscosity than diesel and can be used as a fuel in diesel 
engines without any significant breakdown in performance [15].

Its usage in diesel engines produces fewer amounts of smoke, 
noise, carbon monoxide, sulfur-containing compounds and 
polyaromatic hydrocarbons compared to fossil fuels [16]. The main 
aim of the present study is to produce and characterize biodiesel 
through transesterification process using low value triglyceride 
resources such as waste edible oils in the presence of a catalyst 
(Cao/NaF) prepared from eggshell waste as a heterogeneous 
catalyst that can be reused for several production cycles. After 
the preparation and purification of the biodiesel, the biodiesel is 
mixed with petroleum diesel produced in Syria in different ratios. 
The physical properties of the mixtures, such as density, kinematic 
viscosity, flash point and pour point are measured according to 
international standards and these properties compared to standard 
conditions. Finally, the best ratio of biodiesel/diesel is obtained.

Experimental
Materials

The materials used in this study were: Waste Cooking Oil (WCO) 
was collected from nearby restaurants from Tishreen university, 
methanol (anhydrous, 99.6%), distilled water, eggshells, sodium 
fluoride.

Catalyst preparation

The catalyst was prepared using the wet impregnation method, 
calcium oxide was prepared from eggshells, where the eggshells 
were washed well with tap water to clean them of residue, then 
washed with distilled water, dried at 110 oC for 3 hours, and 
calcined at 900 oC for 3 hours. Then the resulting CaO is loaded 
with NaF at a rate of 20%, whereby 10g of calcium oxide obtained 
from eggshells is taken, 2g of NaF is dissolved in the least possible 
amount of distilled water, then added to CaO so that a wet powder 
of calcium oxide is formed according to the ratio. The solution is left 
for 24 hours at laboratory temperature, dried at 105 oC for 5 hours, 
then calcined at 900 oC for 4 hours.

Biodiesel preparation (FAME)

Figure 1: The transesterification of vegetable oil or fat with methanol alcohol.
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Biodiesel was prepared by the transesterification reaction of 
cooking oil shown in Figure 1 using CaO/NaF as a heterogeneous 
catalyst was performed using a three-necked flask (250ml) 
connected with a magnetic stirrer, digital heater and a water-
cooling condenser. Waste cooking oil (15g) was stirred with 
different amounts of prepared catalyst (0.5-4% by weight of oil) for 
different reaction time intervals (1,2,3h) at different temperatures 
(30 °C to 75 °C) and using different oil/Methanol ratios 1:6, 1:9, 
1:12. After each experiment, the catalyst was removed from the 
reaction medium by centrifugation and the residual liquid was 
retained in separating funnel for 24 hours, where the mixture is 
separated into two layers (top layer is biodiesel, and bottom layer is 
glycerol). The top layer is taken and washed with hot distilled water 
to remove alcohol, glycerin and catalyst residues, then filtered to get 
rid of glycerol residue, then dried at 110 oC for two hours to get rid 
of water residue. The efficiency of conversion reaction (biodiesel 
yield%) was estimated using the following equation [17] (Figure 2).

Figure 2: Separation of glycerol phase from biodiesel 
phase in a lab separating funnel.

Results and Discussion
Optimization of reaction conditions

Figure 3: Effect of methanol/oil molar ratio (a), catalyst amount (b), reaction time (C), and temperature (d) on the 
biodiesel yield.

The effect of changing the reaction parameters as: molar 
ratio of methanol/oil, amount of catalyst, reaction time and 

reaction temperature on the transesterification of waste oil were 
investigated see (Figure 3).
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Effect of molar ratio of oil to methanol on biodiesel yield

The study of transesterification reactions of waste cooking 
oil was performed using different methanol to oil ratios (1:6, 1:9, 
1:12) in the presence of 3% by weight of a CaO/NaF catalyst for 
3 hours at 60 °C. The experimental results shown in Figure 3a 
indicate that the molar ratio of methanol to oil has a significant 
impact on the biodiesel yield. The biodiesel yield was increased 
with the molar ratio 91% yield was reported at 1:9 molar ratio of 
oil to the methanol. The excess of methanol is necessary because it 
can increase the rate of metanalysis. The high amount of methanol 
promoted the formation of methoxy species on the catalyst surface, 
leading to a shift in the equilibrium towards forward direction, thus 
increasing the rate of biodiesel conversion [18]. However, the yield 
was slightly reduced when the ratio of oil to methanol was higher 
than 1:9. The biodiesel yield was only 86.5% at 1:12 oil to methanol 
molar ratio. Further increase in oil-to-methanol ratio after optimal 
ratio of 1:9 would lead to a reduction of the biodiesel yield. This 
is due to excessive methanol beyond the optimal point which does 
not promote the reaction. The glycerol which is a by-product of 
the reaction would largely dissolve in the excessive methanol and 
subsequently inhibit the reaction of methanol to reactants and 
catalyst, thus interfering with the separation of glycerin, which 
in turn lowers the conversion by shifting the equilibrium in the 
reverse direction [19].

Effect of catalyst amount on biodiesel yield

The effect of CaO/NaF catalyst amount used on the 
transesterification reaction of waste cooking oil was investigated 
using catalyst amount of 1-5 % by weight for 3 hours at 60 °C 
and an oil to methanol ratio of 1:9. Catalyst concentration plays 
an important role in optimizing the yield of transesterification 
reaction. From Figure 3b, it can be seen that biodiesel yield 
increases with the increase of catalyst concentration from 1% w/w 
to 4% w/w. This can be assigned to the increase in the present 
active catalytic sites of the catalyst with increasing the amount [20]. 
The optimal catalyst concentration was determined to be 4% w/w 
CaO/NaF catalyst with a biodiesel yield of 92%. The excess catalyst 
has slightly reduced the biodiesel yield due to soap formation. 
Further, this can be referred to the increase in the viscosity of the 
reaction medium under the formation of dense slurry from the 
catalyst powder and the used oil, which resulted in a difficulty in the 
homogeneous mixing of the reactants and consequently decreases 
in the interaction between the catalyst and reaction component 
[21].

Effect of reaction time on biodiesel yield

Figure 3c shows the effect of different reaction time from 
0.5h to 3h on the conversion of waste cooking oil into biodiesel. 
At fixed conditions of 1:9 oil to methanol ratio, 60 °C reaction 
temperature, and 4% catalyst amount, the biodiesel yield showed 
a gradual increase with increasing the transesterification time from 
0.5 to 2h. Then, the conversion efficiency was slightly decreased 
with increasing the reaction time from 2 to 3h. Production of 
biodiesel was rapid until the reaction reached equilibrium. Beyond 

the optimal point, the reaction starts to reverse in a backward 
direction towards reactants. While reversing of the behavior after a 
specific reaction time can be attributed to the reversible nature of 
the conversion reaction of oils into biodiesel [22,23]. CaO catalyst 
has a tendency to adsorb products when reactant was lack [24]. 
Therefore, too long reaction time also reduces the biodiesel yield 
as the CaO catalyst can absorb the product. Hence it is important 
to identify the optimum reaction time for the transesterification 
reaction. In this case, the optimum reaction time was 2 hours with 
a biodiesel yield of 94.5%.

Effect of reaction temperature on biodiesel yield

It was reported that increasing the transesterification reaction 
temperature has a direct reflection on the transesterification 
reaction subsequently the conversion of the oil into biodiesel [25]. 
Figure 3d shows the biodiesel yield from transesterification of waste 
cooking oil at different reaction temperatures from 30 °C to 75 °C 
using 4% by weight of the catalyst for 2h at a 1:9 oil to methanol 
ratio. The biodiesel yield increases with the reaction temperature 
until an optimal point of 60 °C with a biodiesel yield of 94.5%. 
Beyond this, the yield decreased abruptly to 80% at 75 °C. This can 
be attributed to the evaporation of the methanol by increasing the 
temperature which can reduce the methanol: oil molar ratio during 
the conversion reaction and also due to the reverse behavior of the 
transesterification reaction [25]. Initially, some thermal energy was 
needed for the transesterification as the reaction was endothermic 
[26]. Since the reaction mixture constitutes a three-phase system 
(oil-methanol-catalyst), the thermal energy was sufficiently needed 
to overcome the diffusion resistance between different phases [27]. 
However, high temperatures are not preferred. As the temperature 
increases and reaches the boiling point of methanol, the methanol 
will quickly vaporize and form a large number of bubbles, which 
inhibits the reaction on the two-phase interface and thus decreases 
the biodiesel yield [28].

Reusability of the catalyst

The ability to reuse catalysts not only reduces costs but also 
makes the complex separation process more stable, efficient and 
recyclable. A catalyst was necessary for biodiesel synthesis. From 
an economic point of view, more reusable catalyst is required, 
particularly for industrial applications. To evaluate the reusability, 
the solid catalyst was separated through filtration followed by 
centrifugation. The used catalyst after each run washed several 
times with a mixture of methyl alcohol and n-hexane (1:1 V:V), 
then reactivated at 800 °C for 3h. The suitability of CaO/NaF 
composite for several runs of transesterification of waste cooking 
oil into biodiesel was represented in Figure 4, for 5 runs at the pre-
estimated optimum reaction conditions (2h, 1:9 oil to methanol 
ratio, 4% catalyst amount, 60 °C). The catalytic activity of the 
synthetic catalyst decreased with increasing the conversion runs. 
This is closely related to the decreasing of the active catalytic sites 
under the sequential use of the catalyst due to the precipitation 
of the insoluble by-products on its surface, e.g., glycerol [29]. The 
biodiesel yield decreased by 94.5%, 92.3%, 88.2%, 85.4%, and 
75.2% with reusing the catalyst from 5 runs.
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Figure 4: Effect of catalyst run cycle on FAME yield.

Comparison of biodiesel yield from different 
heterogeneous catalyst

Figure 5 shows the biodiesel yield for the transesterification of 
waste cooking oils using catalysts (eggshell-derived calcium oxide, 
eggshell-derived calcium oxide loaded with 25% NaF, commercial 
calcium oxide) using optimized reaction conditions. From the 
experiment, it was determined that the optimal conditions for the 
transesterification of waste cooking oils with CaO/NaF prepared 
from eggshells were 1:9 (oil: methanol), 4% w/w catalyst amount, 
60 °C reaction temperature, and 2h reaction time. These optimal 
conditions gave the highest biodiesel yield of 94.5%. Then the 
optimal conditions were then used for transesterification of waste 
cooking oil using calcium oxide prepared from eggshells and 

commercial calcium oxide as a catalyst and the achieved biodiesel 
yield was 90% and 80%, respectively. The result showed that the 
calcium oxide synthesized from eggshells is more reactive than 
the commercial compound, which indicates the possibility of using 
eggshells as a low-cost catalyst for the production of biodiesel. An 
important effect of loading with sodium ions on the yield is noted 
with a conversion rate of 4.5% of the conversion rate; It results 
from enhancing the basic properties of the catalyst when loaded 
with sodium ions, which makes it more efficient in catalyzing 
transesterification reactions. The biodiesel production from the 
transesterification of waste cooking oils in this study was higher 
compared to other reported studies, a biodiesel production of 
91.17% was observed for the transesterification of castor oil using 
calcium oxide derived from mussel shell [30].

Figure 5: Comparison of CaO catalyst performance for FAME production.

Biodiesel confirmation by warn quits 3/27

Warn quits 3/27 it is the test that is useful in knowing the degree 
of conversion of triglycerides to biodiesel. This test is important and 
inexpensive compared to analyzes using gas chromatography. This 
test can be done during the experiment to find out the time needed 
for complete transformation and it can be done after the reaction to 

compare it with other samples using different catalysts [31]. 3mL of 
the produced biodiesel was dissolved in 27mL of methanol and left 
undisturbed for 30 min to find the unconverted glycerides in the 
biodiesel after transesterification process, Since FAME is soluble in 
polar solvent it will get completely dissolved in methanol Figure 6a, 
the nonpolar unconverted oils remain settle down as precipitate 
Figure 6b [32].
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Figure 6: (a)Biodiesel sample with methanol, (b) Oil sample with methanol.

FTIR spectra for oil and biodiesel

Oil and biodiesel were analyzed by FTIR as shown in Figures 
7 & 8, the results shown in Tables 1. The IR spectra of the oil 
and biodiesel samples are very similar to each other because the 
reaction simply consists of removing glycerin and substitution 
of a methyl group in the hydrocarbon chain. The only significant 
difference can be seen in the bands lying between 1000-1500cm-

1. Particularly, the bands at 1163 and 1097cm-1 in the oil sample 

correspond to the expansion vibration of the (C-O) group bound to 
(CH2-) which shifts to 1168cm-1 in the biodiesel sample. However, 
new bands at 1195 and 1436cm-1 were observed in the biodiesel 
sample associated with the bending and oscillation vibrations of 
the (CH3- O) group which are not present in the spectrum of the oil. 
The bands in the range of 1435-1460cm-1 in the biodiesel spectrum 
are due to the asymmetric vibration of methane (CH3), indicating 
the conversion of the used oil to biodiesel as found by previous 
studies [33].

Figure 7: FTIR for oil sample.
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Figure 8: FTIR for biodiesel sample.

Table 1: FTIR wave numbers for different peaks of oil and biodiesel.

Group Attributed Wave Number of Oil (Cm-1) Wave Number of Biodiesel (Cm-1)

CH2- rocking 721 721

C-O stretching 1163 1195

1168

Bending vibration of CH2 group 1375 1363

CH2- In-plane bend 1456 1463

C=O ester stretch 1750 1750

CH3-O stretching - 1245

CO-O-CH3

Methyl ester group - 1436

CH2- stretching 2925 2933

GC-MS analysis of biodiesel (FAME)

The chemical composition of biodiesel prepared from waste 
cooking oils was determined using Gas chromatography-mass 
spectrometry by comparing the mass spectra produced for each 
vertex of the GC.MS chromatogram with the mass spectra available 
in the library (NIST) available in the device. After analyzing the 

biodiesel, 9 components were identified through the GC.MS 
chromatogram shown in Figure 9 & Table 2 shows the biodiesel 
components. The results shown in the Table 2 indicate that the 
main components of biodiesel, according to their percentages, are 
as follows: 9-12- Octadecadienoic acid methyl ester (E, E) (79.6%) 
Figure 10, Hexadecenoic acid, methyl ester (11.5%), Methyl stearate 
(7.1%).

Table 2: The composition of Fatty Acid Methyl Ester (FAME) in biodiesel from waste cooking oil.

No Compound Molecular Formula Molecular Weight Retention Time(minutes) Area %

1 9-Dodecenoic acid, methyl ester(E) C13H24O2 212.33 21.09 0.1

2 7-Hexadecenoic acid, methyl ester, (Z) C17H32O2 268.44 22.99 0.1

3 Hexadecanoic acid, methyl ester C17H34O2 270.45 23.25 11.5
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4 9-12-Octadecadienoic acid methyl ester(E,E) C19H34O2 294.47 25.05 79.6

5 Methyl stearate C19H38O2 298.5 25.19 7.1

6 9,12,15-Octadecatrienoic acid, methyl ester,(Z,Z,Z)- C19H32O2 292.46 25.64 0.1

7 9-Octadecenoic acid (Z)-, methyl ester C19H36O2 296.49 26.45 0.2

8 Tridecanoic acid, methyl ester C14H28O2 228.37 26.61 0.2

9 Docosanoic acid, methyl ester C23H46O2 354.619 28.4 0.5

Figure 9: GC-MS chromatograms of the prepared biodiesel sample.

Figure 10: Mass spectrum of 9-12-Octadecadienoic acid methyl ester(E,E).

Studying the possibility of mixing prepared biodiesel 
with petroleum diesel

Two samples of biodiesel mixed with petroleum diesel at 
proportions (5%, 20%) were prepared and their physical and 
chemical properties were studied and compared to the American 
(ASTM) and European (EN) standards. The results shown in Table 

3 indicated that the physical and chemical properties of pure 
biodiesel (B100) and the two samples of biodiesel mixed with Syrian 
diesel (B5, B20) were in conformity with the internationally proven 
specifications [34,35], and thus concludes that it is possible to 
mix biodiesel with Syrian diesel fuel. The results also indicate that 
the mixing ratio B20 is the best in terms of improving the values of 
density, kinematic viscosity, cetane number and flash point.

Table 3: Physical and chemical properties of biodiesel samples (B100, B5, B20) in comparison with (ASTM) and (EN).

Physicochemical Properties B100 B5 B20 Syrian Petro-diesel Europe EN 14,214 ASTM D 6751

Density at 15.5oC (g/cm3) 0.89 0.85 0.86 0.82-0.85 0.86-0.90 0.875-0.90

Kinematic viscosity at 40oC (mm2/s) 5.5 3.1 3.5 2.0-4.5 3.5-5 1.9-6

Specific gravity at 15.5oC 0.891 0.8508 0.8608 0.858 - -
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API gravity 27.3 34.814 32.882 33.418 - 29.2

Aniline point (oC) 87 69.1 74.6 50min - -

Diesel index 51.49 54.442 54.676 46min - -

Cetane number 47.1 49.19 49.366 51min 51mini 47mini

Acid value (mg KOH /g oil) 0.48 0.05 0.1 0.08max < 0.5 <0.8

Flash point (oC) 184 65 76 55min 101mini 130mini.

Pour point (oC) -2 -10 -5 - 4 to -10 - -15 to +10

Water and sediment (%) 0.01 Nil Nil 0.05max/Nil 500mg/kg <0.05

Comparison of CaO/NaF catalyst with other catalysts

Table 4 contains a comparison of the present catalyst with some 
Ca based catalysts. Although the biodiesel yield achieved with other 
catalysts in Table 4 was lower than the yield achieved in our current 

study, the reaction conditions were higher. When using CaO/NaF 
catalysts, a higher yield was obtained at lower temperatures, lower 
catalyst amount and in a shorter time. This means lower production 
costs, which is the desired situation in biodiesel production [36-
39].

Table 4: Comparison of catalytic activity of CaO/NaF catalyst with reported Ca-based solid alkali catalysts.

Catalyst
Reaction Conditions

FAME Yield (%) Refs.
Temp. (oC) Catalyst amount (wt.%) Methanol/ oil molar ratio(mol) Time (h)

CaO/NaF 60 4 9 2 94.5 This study

Oyster shell 65 25 15 5 73.8 [36]

Angel wing shell 65 9 150 1 84.11 [37]

Chicken eggshell 65 9 15 8 80.2 [38]

Chicken bone 65 5 15 4 89.33 [39]

Conclusion
The potential to produce biodiesel from waste cooking oil was 

economical and reduced environmental pollution associated with 
petroleum-based diesel. Apart from biodiesel production, these 
environmentally friendly waste-derived heterogeneous catalysts 
have the potential to be effective catalysts in a variety of chemical 
transformations. The study shows that waste material can be 
converted into a valuable product while using minimal energy 
during the transesterification reaction. Moreover, the waste eggshell 
contains a high percentage of CaO when it is calcined, which can be 
used as a substitute catalyst for biodiesel production. In comparison 
to other methods of catalyst preparation the heterogeneous catalyst 
formulation from eggshells is less expensive. The results obtained 
from this study showed that the heterogeneous catalyst (CaO/NaF) 
is effective for converting waste cooking oil into biodiesel with a 
yield of 94.5% under the following reaction conditions; The ratio of 
methanol to oil is (1:9) mol, the amount of catalyst (4% of the weight 
of the oil), the reaction temperature is 60 °C, and the reaction time 
is 2h. High purity biodiesel was obtained. The produced biodiesel 
was characterized and compared to international standards 
and the results were in compliance with American (ASTM) and 
European (EN) standards. Reusability testing shows that the 
catalyst (CaO/NaF) derived from eggshells can be reused up to 5 
times. The results showed the possibility of mixing biodiesel with 
petroleum diesel fuel, and the results showed that the mixing ratio 
B20 was better than the mixing ratio B5. Based on the result of 
this study, researchers should focus on a low-grade feedstock like 
WCO, affordable and effective heterogeneous catalysts, as a novel 
approach to replace non-economical catalysts, the photocatalytic 
activity, stability, and surface morphology of the synthesized CaO/

NaF require further investigation through advanced instrumental 
characterization such as Thermogravimetric Analysis (TGA) for 
thermal stability, Scanning Electron Microscopy (SEM) for surface 
morphology, and Energy Dispersive X-Ray (EDX) spectroscopy for 
chemical characterization of a catalyst.
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