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A B S T R A C T   

Biodiesel is considered to be more friendly to the environment than petroleum-based fuels, 
cheaper and capable for producing greener energy which contributed positively in boosting bio- 
economy. A new non-edible feedstock utilized from date seed oil was analyzed for the synthesis of 
eco-friendly biodiesel using newly novel hydroxyapatite heterogeneous catalysts, obtaining from 
waste camel bones prepared from dried camel bone followed calcination under different tem-
perature. This catalyst was characterized by X-ray diffraction (XRD), Brunauer–Emmett–Teller 
(BET) and transmission electron microscopy (TEM). Results showed that hydroxyapatite catalyst 
pore size reduced with increasing the calcination temperature. Optimize biodiesel yield (89 wt%) 
was achieved through the process of transesterification with optimum reaction conditions of 4 wt 
% catalyst, oil to ethanol molar ratio of 1:7 and temperature 75 ◦C for 3 h reaction time. The 
production of FAME was confirmed by using gas chromatography-mass spectroscopy (GC–MS). 
Fuel properties of fatty acid ethyl ester complied with ASTM D 6751 which indicated that it would 
be an appropriate alternative form of fuel. As a result, using biodiesel made from waste and 
untamed resources to develop and implement a more sustainable and environmentally friendly 
energy strategy is commendable. The acceptance and implementation of the green energy method 
may result in favorable environmental effects, which in turn may lead to better societal and 
economic growth for biodiesel industry at a larger scale.   

1. Introduction 

Energy shortages have been a terrifying global trend of the twenty-first century. Energy for transportation and domestic usage is 
principally obtained from fuels derived from fossils [1]. However, the augmented use of fossil fuels, particularly in the transportation 
sector, there is considerable concern regarding the sustainability of this source of energy, as fossil reservoirs are likely to become 
critically depleted within the next twenty years [2,3]. Furthermore, it has led to environmental degradation, climate change, and an 
increase in pollution-related health dangers among the general population worldwide [3]. Moreover, in developing nations, there is 
often a failure to consider the environmental effect of the use of petroleum-based fuels within transportation and industrial spheres [4, 
5]. Therefore, Because of this, biofuels are being suggested as a sustainable alternative to existing energy sources that significantly 
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increase greenhouse gas emissions [5]. 
The most apposite feedstock for the synthesis of biofuels is biomass, as its transportation and storage are straightforward [6,7]. 

Additionally, when biomass undergoes immediate combustion as a fuel substrate over a spectrum of usages, there is wastage of be-
tween 50% and 60% of its total energy production on the surroundings [8]. Thus, biofuel should be manufactured from biomass 
materials, and may be produced as a vapour, liquid or solid [9]. The most apt source of fuel is liquid oil, which exhibits a number of 
benefits when judged against alternative renewable materials, including storage, transportation and applications such as vehicles and 
energy generation [10]. However, as oil obtained from biomass has a low energy content and a high density, biomass-based oil cannot 
immediately be used as fuel, requiring pre-processing, for instance by transesterification [11,12]. When applied to bio-oil, this 
technique leads to the production of biodiesel which contains a similar energy component to petroleum-based fuel [13]. Biodiesel is 
comprised of a number of methyl esters and has been demonstrated to be of an equivalent quality to diesel derived from fossil fuels 
[14]. 

Bio-oil obtained from biomass can be categorised as either comestible or non-comestible; however, the former may give rise to the 
fuel or food debate [15,16]. In order to circumvent this, bio-oil extraction processes are generally conducted using non-comestible 
substrates and waste products from agricultural processes; these are utilized to synthesise biodiesel [17]. These items are beneficial 
from a financial perspective, but drawbacks include the fact that they content significant amounts of free fatty acids (FFA) which are 
notably acidic. These therefore require treatment prior to transesterification, which makes biodiesel synthesis more expensive [18]. It 
is therefore of value to identify feedstocks which yield oil with a relatively reduced proportion of FAA and which are available in 
sufficient quantity to facilitate biodiesel production to be upscaled for industrial usage [19]. The biodiesel industry has grown 
tremendously as a result of biodiesel research, greatly easing the burden on the global energy community. As an alternative to diesel 
made from fossil fuels, biodiesel is a type of biofuel, which is non-toxic, safe, and emits few gases. Furthermore, biodiesel contains no 
sulfur, which results in significantly lower emissions when burned in engines [20,21]. 

Because the main barrier to biodiesel consumption is its high price, there are numerous complications to making it effective and 
affordable. To address such situations, researchers are focusing on the discovery and identification of novel non-edible oil-rich species 
that could serve as an efficient feedstock for biodiesel production [22,23]. 

Compared with fossil-derived fuels, the biodiesel generated from biomass is more biodegradable, recyclable and sustainable, and 
offers a high energy performance. Its immediate usage as engine or generator fuel without additional processing has been demon-
strated, indicating that this forms a promising source of fuel [24]. The feasibility of a number of readily available non-comestible 
feedstocks has been shown in relation to biodiesel synthesis; examples include animal fat, rubber seed, palm kernel shell, date pit 
oil and jatropha oil, amongst others. 

Different techniques, including pyrolysis, micro-emulsion, transesterification and dilution can be used to make biodiesel [25]. 
Biodiesel is fatty acid methyl ester (FAME) that is commonly produced by transesterification process of different source of biomass 
such as animal fat, vegetable oil as jatropha oil, sunflower oil, cottonseed oil, soybean oil, palm oil, peanut oil, rapeseed oil and corn 
oil, and waste products such as waste cooking oil with alcohol in the presence of a catalyst [26]. 

It is a promising solution to use non-edible vegetable oil for synthesis of biodiesel as it does not compete with food for human 
consumption [27]. The Phoenix Dactylifera (date palm) is the main tree grown in Saudi Arabia. Date seeds are part of the waste 
produced by numerous industries that process dates. With the exception of a small portion that is used as animal feed. Direct or indirect 
methods can be used to gather enormous quantities of date seeds from homes, date processing facilities, and businesses [28]. In 
previous study, biodiesel derived from waste date seed was investigated as source for carbon catalyst and found to have fuel properties 
that meet international standards. However, Catalyst activity decreases very less upon reusing it up to three runs [29]. The process was 
supported via a variety of different catalysts (homogeneous, heterogeneous and enzymatic catalysts). Basic catalysts have been used 
for the transesterification of triglycerides to create biodiesel. The first catalysts applied in this context were generally alkaline hy-
droxides in a homogeneous phase applied to oil and alcohol reaction components [30]. Although these gave rise to a reasonably rapid 
reaction and high conversion rate, they had a number of drawbacks [31], e.g. formation of soaps as a by-product through undesirable 
saponification reaction leading to a decrease in the yield of biodiesel, it was impossible to extract the catalyst from the final yield, 
which made both the product and the method more expensive. These issues can be circumvented with the use of a heterogeneous 
catalyst, which can be separated and then recycled [32]. 

Heterogeneous catalysts are an ideal alternative for biodiesel production due to their reusability and simplicity of recovery [33,34]. 
A number of such catalysts, such as alkaline earth metal oxides, have undergone immediate or secondary consideration in relation to 
the manufacture of biodiesel; both benefits and drawbacks to their usage have been described [35,36]. The principal purpose of 
evaluating the utility of heterogeneous catalysts is the ability to recover and to reuse them, which enhances the cost-effectiveness of 
biodiesel manufacture [37]. After feedstock cost, the first difficulty in biodiesel synthesis is catalyst cost. Researchers have paid close 
attention to the usage of diverse wastes as raw materials for the creation of heterogeneous catalysts in order to overcome the con-
straints of standard homogeneous catalytic systems as its activity in transesterification processes is occasionally lower than that of 
homogeneous catalysts. Catalyst deactivation is also a severe concern with heterogeneous catalysts [37]. Additional economic ad-
vantages are obtained when the catalyst itself is obtained from unwanted or waste materials [38]. An ideal antecedent source is formed 
by agricultural or animal waste materials. The use of a catalyst derived from a waste substance in combination with active metal 
adaptation could therefore be considered a feasible and economical approach to biodiesel manufacture [39]. It is anticipated that the 
increased hydrophobicity will accelerate the removal of generated water from the catalyst surface, ultimately increasing the rate of 
reaction. It is also feasible to make the support more hydrophobic, which will lessen the amount of deactivation caused by water [40, 
41]. Once the catalyst is loaded with more catalyst, its hydrophobicity may alter. Examining the contact angle of water on pellets made 
from the appropriate catalyst powders is an easy way to test this theory [42]. Camels are prevalent in the Empty Quarter of Saudi 
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Arabia, and their skeleton, could be exploited as a hydroxyapatite catalyst for the transesterification reaction. 
Numerous recently published articles detailed the methods for preparing hydroxyapatite (HAPT) from a variety of natural sources, 

including eggshell [43], catfish bones [44], cuttlebone and bovine bone waste [45], pigeon bone waste [46] and natural phosphate 
rocks [1]. 

However, We were unable to locate any published article that synthesized biodiesel in conjunction with hydroxyapatite (HAPT), 
which prepared from waste camel bone, under any conditions. As a result, our research herein is regarded as the first successful 
scientific attempt to produce biodiesel using hydroxyapatite (HAPT) which prepared easily and directly from calcination of waste 
camel bone at different temperature. 

Currently, no work has been reported on the synthesis and application of green nano particles of hydroxyapatite derived from waste 
camel bone as efficient catalyst for synthesizing biodiesel via date seed oil that doesn’t lead to food competition. This is innovative 
research, the catalysts engineered were investigated using X-ray diffraction (XRD), Transmission electron microscopy (TEM) and 
Brunauer-Emmett-Teller (BET) techniques. They were applied to a reaction concerning the synthesis of biodiesel from date seeds oil. 
The ASTM6751 reference standards were used to judge the suitability of the biodiesel product for use as a fuel. Biodiesel production 
from date seed oil is cost-effective and has no negative impact on food security. It contributes to GHG reduction while also providing a 
cost-effective alternative to fossil fuels. As a result, our work herein aims to identify the economic benefits associated with conversion 
of waste material into a value-added product. 

2. Materials and methods 

The reaction parameters always influence the transesterification reaction. To get the most biodiesel, it is important to find the best 
conditions for the transesterification reaction. In this work, four different transesterification variables were investigated: oil to ethanol 
molar ratio of 1:1 to 1:9, catalyst concentration of 1–7 wt% (the mass of catalyst was calculated based on the weight of date seeds oil), 
reaction temperature of 60–85 ◦C, and reaction time of 1–4 h. The date oil was provided by date oil manufacturing in Dammam in 
Saudi Arabia. 

2.1. Preparation and characterization of the catalyst 

Waste camel bones gathered from the kitchen were used to create affordable and environmentally friendly catalysts. Following a 
thorough rinsing with hot water several times, the camel bones were dried in the sunlight for 24 h before being placed in an oven 
preheated to 120 ◦C for 6 h. The dried camel bones were calcined in a muffle furnace at temperatures ranging from 600 to 1100 ◦C at a 
rate of 10 ◦C/min for a total of 3 h and then it was kept in an airtight glass case. Various analytical methods, including XRD, BET and 
TEM were applied to camel bone-derived catalysts in order to discover a viable catalyst for biodiesel generation. 

2.2. Transesterification reaction 

Single-neck reaction flasks were utilized for the processing of date seed oil with the synthesized catalysts. They were equipped with 
a thermocouple in order to detect and to govern the reaction temperature and attached to a condenser. A magnetic stirrer was utilized 
for ongoing agitation of the admixture. Predetermined reaction conditions were applied, and a known quantity of the chosen oil (pre- 
heated to 60 ◦C) was introduced to the reactor at stirring rate 1000 rpm. Different reaction temperature, reaction time ethanol/oil 
molar ration and catalyst loading are tested to maximize the yield of biodiesel. The oil was placed into the flask; heat was applied until 
the requisite temperature was reached. A solution of ethanol and catalyst, combined previously, was decanted into the flask. After the 
process was finished, the solution was cool down and then put into a separate funnel. The catalyst, glycerol and the ethyl ester all 
formed distinct layers. Overnight, the product was left standing to separate effectively. After an overnight stand, different phases are 
clearly separated. After that, the biodiesel layer was mixed with 15 ml of distilled water and then shaken on a hotplate for 15 min, and 
then transferred to a separating funnel and left for 24 h to end up with two clear layers. The lower layer was discarded, and the 
biodiesel layer was mixed with 0.05 g of sodium sulfate and shaken for 10 min, then separated to measure the weight of the biodiesel 
layer. 

The following Equation (1) was used to calculate an expected yield of biodiesel: 

Yield%=
Weight of biodiesel produced

Weight of sample oil used
× 100 (1) 

The ultimate yield of biodiesel underwent analysis and use. Specimens were characterized using gas chromatography-mass 
spectrometry (GC-MS) (PerkinElmer, Clarus 600) which was equipped with a DB-wax column. 

In addition, the experimental settings were further improved to provide an appropriate set of experimental circumstances for the 
synthesis of biodiesel from low-cost feedstock in a sustainable manner. The recovered catalysts are reused in the subsequent reaction. 

2.3. Basicity calculation 

The basicity of a catalyst is the number of basic sites on a solid per unit weight of the solid sample, which is commonly given as 
mmol of basic sites per unit weight of the solid. Titration was used to determine the basicity of the raw samples and the produced 
catalyst. In 50 ml of 0.2 N HCl solution, around 0.2 g of sample was added and stirred until fully dissolved. The solution was then 
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treated with three drops of phenolphthalein indicator. Finally, the solution was titrated with 0.2 N KOH solution until a color change 
was seen, and the basicity was determined using the following Equation (2): 

Bc =
0.2 × (VHCI − VKOH)

Ms
(2) 

where VHCl is the amount of HCl (0.2 N) used for titration, VKOH is the amount of KOH (0.2 N) required to titrate the HCl acid, and 
Ms is the mass of the sample in grams. Bc is basicity (mmol HCL/g of sample). 

The calcined samples underwent X-ray Diffraction analysis (XRD) using a Brucker AXS-D8 Advance diffractometer (Germany). This 
diffractometer is outfitted with a copper anode that produces Ni-filtered CuKα radiation (k = 1.5406) from a generator running at 40 
kV and 40 mA, in the 2 range between 20 and 80. The instrument is maintained by interfaces of DIFFRACplus SEARCH and DIF-
FRACplus EVA to enable an automatic search and match of the crystalline phases for identification. For BET, 1 g of catalyst samples 
were degassed for 50 min at 120 ◦C in a sample tube to eliminate moisture and other surface contaminants. The tube was allowed to 
cool to ambient temperature before being connected to a gas intake (liquid N2 at − 196 ◦C) that was running parallel to an empty 
reference tube. Both tubes were immersed in liquid nitrogen in a Dewar. For TEM, Sample preparation was as follows: the catalyst 
powder was dispersed in high purity ethanol, then a drop of the suspension was allowed to evaporate on a holey carbon film supported 
on a TEM grid. Images were acquired in transmission mode and particle size distributions were calculated using Image J software. 

3. Results and discussion 

3.1. Physicochemical properties of date seed oil 

It has been used standard methods to measure the chosen date seed oil’s major physicochemical parameters (Table 1). 

3.2. Catalyst characterizations 

3.2.1. BET 
Table 2 shows the specific surface area, the specific pore volume, and the average pore diameter, of the catalyst’s samples calcined 

at different temperature. Comparing between these materials, it is observed that increasing the calcination temperature caused a loss of 
the specific area, which may be associated with the fact that the catalyst calcined at higher temperature has a better crystalline order as 
demonstrated by XRD (Fig. 1). Furthermore, catalyst calcined at 1100 ◦C showed a decrease in the pore diameter in relation to others. 
The pore diameters shown are characteristic of microporous material. 

3.2.1.1. XRD analysis. XRD confirmed that all materials calcined at different temperature presented the typical basal peaks of hy-
droxyapatite and presented a better crystalline ordering respectively as shown in Fig. 1. The XRD patterns of the synthesized HAPT 
mostly showed three main planes (002, 211, and 300) as the HAPT crystals’ main growth planes. The plane (211) is greatly sensitive 
and influenced by calcination temperature as well as the Ca-source used to prepare HAPT [46]. It is worthwhile to carefully consider an 
interesting paper [46] that recently described the stepwise growth of the various planes of HAPT, particularly plane (211), during 
heating HAPT with various heating rates. As a result, the XRD pattern of HAPT at higher calcination temperature was sharply appeared 
in the diffractogram of HAPT with area expansion. 

3.2.2. TEM 
The particle size of hydroxyapatite catalyst was investigated by TEM as shown in Fig. 2. The grains are irregular and their average 

size can be approximately 1.2 nm–10 μm. The catalyst particle was not clearly shown to be hexagonal shaped, similar to the XRD 
results due to the agglomerate formation on some particles. 

3.3. Catalytic activity in transesterification 

3.3.1. Effects of calcination temperature on the catalyst activity 
It should be noted that the purpose of calcination is to eliminate secondary crystalline phases and thus promote the phase of in-

terest. For selected feedstocks, the influence of activation temperature on transesterification activity was studied in the range of 
(700–1100 ◦C) as shown in Table 3. By applying calcination to the catalyst, it allows the elimination of secondary phases and 
consequently promotes increased crystallinity and the compacting of the particles. The results revealed that as the calcination tem-
perature for waste camel bone-derived material was raised, the biodiesel conversion rose linearly. In comparison to other catalysts, the 

Table 1 
Physico-chemical properties of date seed oil.  

Property Unit Measured value 

Kinematic viscosity at 40 ◦C Cst 40 
Acid value mg KOH/g oil 1.45 
Flash point oC 245  
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1100 ◦C calcined catalyst had the highest catalytic activity. The catalysts calcined at 1100 ◦C (C1100) showed strong catalytic activity 
which may be due to the catalyst’s surface containing an optimal number of active sites of hydroxyapatite. The magnitude of the 
surface area of a catalyst determines the accessibility of the reactants to the active sites and therefore determines a greater activity and/ 

Table 2 
BET analysis of eggshell catalyst calcined at different temperatures.  

Hydroxyapatite (camel bone) catalyst at different calcination temperature Surface area (m2/g) Pore Size (nm) Pore Volume (cm3/g) 

700 19.6 6.8 0.067 
900 15.7 2.99 0.023 
1100 15.5 2.29 0.019  

Fig. 1. XRD results for synthesized catalysts from waste camel bone (hydroxyapatite) calcined at different temperature.  

Fig. 2. TEM image for calcined hydroxyapatite derived from waste camel bone.  

Table 3 
Effects of calcination temperature on the camel bone catalyst activity.  

Calcination temperature oC Biodiesel yield (%) 

Uncalcined camel bone – 
600 20 
750 45 
900 68 
1100 89 

Reaction conditions: catalyst loading 4 wt%, oil to ethanol molar ratio 
1:7, reaction time 3 h, reaction temperature 75 ◦C. 
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or effectiveness of this catalyst in the transesterification reaction. Because of this, the C1100 catalyst was selected for optimizing 
biodiesel characteristics. 

Furthermore, and based of the basicity of the catalyst results as shown in Table 4, The catalyst calcined at higher temperature found 
to be a higher basicity as compared to the others calcined at lower temperatures. The value of basicity reaching maximum of 9.8 mmol/ 
HCl with catalyst calcined at 800 ◦C. After that, the basicity was started reducing from 9.8 to 9 mmol/HCl as the catalyst calcined 
temperature above 800 ◦C and the reason may that a higher temperature of calcination may increase the sintering rate of the catalyst 
which then led to the suppression of basicity of the catalyst. 

From all the previous characterization results, it was found that when calcination temperature of the catalyst increases to 800, the 
catalyst becomes highly efficient. Therefore, this catalyst was selected for further study. 

3.3.2. Effects of catalyst loading amount 
The yield of biodiesel is notably influenced by the catalyst concentration, and so it was assessed following application of a 

designated loading spectrum. At 1 wt% catalyst loading, the amount of biodiesel produced was relatively lower (Fig. 3), which can be 
ascribed to the reduced number of active sites present and consequent failure of complete transformation of the reactants. As the 
catalyst concentration rose, the yield of biodiesel was enhanced, a trend which persisted over the range, and which was attributed to 
the increased number of available active sites present during the reaction. However, biodiesel yield began to fall between 4 and 7 wt%. 
The reason may that larger catalyst quantities above the average value make the transesterification reaction product stickier, which 
often impedes the mass transfer process in the liquid (oil/alcohol/solid (catalyst)) structure, leading to a decrease in biodiesel yield 
after the optimum value has been reached. Furthermore, the decrease in biodiesel yield may be caused by an excess of heterogeneous 
catalysts in the reaction vessel, which may impede the mixing of reactants and lead to a decrease in biodiesel output. Mass transfer 
limitations of reactants and products at higher catalyst loadings may also contribute to poor biodiesel production at higher catalyst 
loadings. (Zhang et al., 2022). Thus, it was surmised that 4 wt% was the most productive catalyst loading for this reaction. 

3.3.3. Effect of reaction temperature 
The impact of temperature on the biodiesel yield is illustrated in Fig. 4. The yield of biodiesel was less at lower heat levels, which 

may arise owing to inadequate mixing and interaction of the reactants as oil and ethanol demonstrate immiscibility. In keeping with 
this observation, the biodiesel output increased with a rise in temperature, as the consequent reaction excitation at the elevated 
temperature led to a higher yield. This observation only held true up to a certain temperature; the highest biodiesel yield was achieved 
(89%) at a temperature of 75 ◦C as shown in Fig. 4, which facilitated the greatest permeability of the reactions to come together and to 
generate biodiesel. Above this point, there was a decline in the biodiesel yield, possibly owing to the reduced availability of ethanol 
within the reaction admixture, as ethanol has a relatively low boiling temperature, continually undergoing condensing although the 
biodiesel yield was lower at 75 ◦C. Thus, if this reaction were to be upscaled into the laboratory or for commercial usage, it would be 
important to monitor the reaction temperature. 

3.3.4. Effect of date seeds oil to ethanol molar ratio 
The consequence of changing the molar ratio of the reactants from 1:1 to 12:1 on the yield of biodiesel is shown in Fig. 5. According 

to stoichiometric computation, the triglyceride conversion to ethyl ester should be complete with an ethanol: date seeds oil molar ratio 
of 7:1. The reaction is in fact reversible, and so ethanol is continuously available in excess in order to maintain the forward reaction 
trajectory. It has been demonstrated in previous work that with the application of a heterogeneous catalyst, there is an alteration in the 
dynamics of the reaction and so adjustment of the ethanol: oil molar ratio to an optimal value is required (Supamathanon et al., 2021). 

It is evident from Fig. 5 that a molar ratio of 1:1 gives rise to a poor biodiesel yield, potentially as a result of the inadequate quantity 
of ethanol present. A positive relationship between the reactant ratio and yield was observed until a ratio of 7:1 was achieved. At this 
point, the surplus ethanol within the admixture altered the reaction dynamics, enabling a greater engagement of the reactants and 
conversion to biodiesel as a result of the presence of the heterogeneous catalysts. However, a molar ethanol: oil ratio in excess of 7:1 
was associated with a fall in biodiesel production as a consequence of hindrance to the downstream process, which led to challenges in 
segregating the product and by-products. Thus, the most productive reactant ratio was determined to be 7:1. 

3.3.5. Effect of reaction time 
Fig. 6 depicts the influence of reaction time on the transesterification process. The highest biodiesel production was achieved after 

3 h of reaction. After the optimal reaction time, the biodiesel yield declines significantly due to the transesterification process’s 
reversible nature, which results in product loss with longer reaction times. Longer reaction times may also cause the hydrolysis of 
esters and the production of more fatty acids, which lowers the amount of biodiesel that can be made. 

Table 4 
Effect of calcination temperature on basicity of the catalysts.  

Calcination temperature (oC) Basicity (mmol/HCl) 

500 10.2 
700 11 
900 12.3 
1100 13  
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3.3.6. Reusability test 
An extremely useful method of determining a catalyst’s long-term viability from an economic standpoint is to examine its reus-

ability in the biodiesel synthesis process. Experiments on the hydroxyapatite catalyst’s reusability were conducted using fresh re-
actants and improved reaction conditions. Used catalyst was centrifuged out of the reaction mixture, washed in n-hexane to remove 
adsorbed materials, and then dried in an oven at 110 ◦C for 16 h after each run. Biodiesel yields of over 80% were recorded for as many 
as two separate cycles. Once the catalyst was reused more than three times, however, the biodiesel yield began to drop. The accu-
mulation of organic contaminants on the surface of the catalyst may account for its loss of transesterification activity (Table 5). 

3.3.7. Characteristics of synthesized biodiesel 
Hydroxyapatite nan catalyst was synthesized by calcination under optimum reaction circumstances, and the fuel qualities of the 

resulting biodiesel were analyzed using the American Society for Testing and Materials’ technique (ASTM). Table 6 shows that the 
produced biodiesel had high-quality fuel attributes that were within the range of the biodiesel standard. 

Fig. 3. Effect of catalyst loading on biodiesel yield (%). Reaction conditions: an oil/ethanol ratio of 1:7, reaction time 3 h, and reaction temperature 
of 75 ◦C. 

Fig. 4. Effect of reaction temperature on biodiesel yield (%). Reaction conditions: catalyst loading 4 wt%, oil to ethanol molar ratio 1:7, 3 h.  

Fig. 5. Effect of oil to ethanol molar ratio on biodiesel yield (%). Reaction conditions: catalyst loading 4 wt%, reaction time 3 h, reaction tem-
perature 75 ◦C. 
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Fatty acid ethyl esters (FAMEs) in biodiesel were identified using GC-MS analysis. Table 7 described the fatty acid ethyl esters and 
other products in more details. All the fatty acid ethyl esters expected to appear and responsible for biodiesel appeared in the analysis. 

4. Conclusion 

Biodiesel production from inedible seed oils may benefit the environment by reducing waste and providing an alternative energy 
source to petroleum fuels. The current energy predicament, as well as quickly depleting fossil fuel supplies, has prompted scientists to 
explore renewable energy sources such as biodiesel. The aim of our study was to investigate date seeds oil as useful non-edible 
feedstock for synthesizing biodiesel via green catalyst derived from waste camel bone. The newly synthesized catalyst is a prom-
ising catalyst (89 wt % biodiesel yield) with an average particle diameter that can be reused in more than two cycles without dete-
riorating activity. The most productive reaction parameters were identified as: temperature, 75 ◦C; duration, 180 min; molar ratio 
ethanol: oil, 7:1; and catalyst loading, 4 wt%; these led to a maximum biodiesel output of 89 wt%. Date seed oil is a great biomass 
feedstock for renewable energy sources that will help the world achieve zero pollution. The presence of FAME and chemical 
composition of the biodiesel sample was confirmed by GC–MS analysis. The fuel characteristics of synthetic FAME have been 
researched and compared to ASTM D 6571 standards. Further study on cost estimates, engine performance, and reduce smoke 
emissions in biofuel processing is necessary in the future. Detailed life cycle assessment studies (LCA) must also be highlighted and 
studied in depth in order to implement widespread cultivation of understudied feedstock at the national level in order to address global 
social, economic, and energy issues. Furthermore, due to the increased mass transfer when scaling from lab scale to commercial scale, 
it may be difficult to anticipate that there will be a considerable delay in the commercial availability of the biodiesel, which may 
require further studies [47]. 

Fig. 6. Effect of reaction time on biodiesel yield (%). Reaction conditions: catalyst loading 4 wt%, oil to ethanol molar ratio 1:7, and reaction 
temperature 75 ◦C. 

Table 5 
Reusability test for hydroxyapatite catalyst.  

catalyst Biodiesel yield (%) 

Fresh 89 
1st used 87 
2nd used 80 
3rd used 77 

Reaction conditions: catalyst loading 4 wt%, oil to 
ethanol molar ratio 1:7, 3 h, reaction temperature 75 ◦C. 

Table 6 
Fuel properties of produced biodiesel at optimal reaction conditions.  

Property Unit ASTM Measured value for prepared biodiesel 

Density kg/m3 860–894 864 
Viscosity @40 ◦C mm2/s 1.9–6.0 1.9 
Acid number mg KOH/g ≤0.5 0.5 
Flash point oC >120 120 
Specific gravity  0.875 0.990 
Iodine value g12/100 g 120 120 
Cetan number min 40 65  
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