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INTRODUCTION 
nergy consumption can be said to be a fundamental need in 

human existence. The modern world relies on petroleum and 

its products for energy, it has been stimated that around 90% 

of the energy utilized from petroleum is used for electricity 

generation and transportation while the remaining percentage is 

used as feed for the manufacturing of other products in the chemical 

industry. However, Petroleum is limited in quantity and is depleting 

rapidly as its consumption increases due to a rapid increase in human 

population. A recent published data reported that major oil 

producing countries were already experiencing a decline in oil 

reserves, leading to fuel scarcity and unstable prices. In addition to 

petroleum’s finite nature and high prices, there has been serious 

concern regarding its high pollutant emissions such as CO2, SO2, 

particulate matter etc. prompting researcher to search for 

sustainable, cleaner and renewable energy sources. Though 

vegetable oils could be used to power a diesel engine, it must be 

modified because long term use causes several problems such as, 

improper fuel-air mixture, inefficient combustion etc. mainly due to 

its high viscosity. The high viscosity of vegetable oils can be reduced 

through a transesterification reaction of the oil to produce biodiesel 

(Demirbas, 2003).  
In recent times, biodiesel has grown in popularity as an alternative fuel 

because of its renewability and its eco-friendly nature, emitting 

significantly less pollutants into the environment when compared to 

the emissions produced using petrol-diesel. Biodiesel is produced  
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from the triglycerides found in vegetable oils or animal fats commonly through the 

transesterification reaction where the feedstock, be it a vegetable oil or animal fat, is reacted with 

an alcohol in the presence of a catalyst. The feedstock chosen for large scale production for 

biodiesel should not compete with food, thus in Nigeria, using Allamanda oil would be beneficial 

to the economy as it is derived from palm trees (Elaeis guineensis) that grow naturally and 

abundantly on southern Nigerian soil and being a perennial crop, it could be harvested multiple 

times without leading to a food versus fuel crisis (Demirbas, 2003).  

Elaeis guineensis has a high yield of oil that exceeds the percentage yield of any other vegetable 

oil found in Nigeria and with little cost. Transesterification is inherently a reversible reaction; 

therefore, a catalyst must be present to drive the forward reaction. The catalyst can either be an 

acid or a base coming in either a homogenous or heterogenous form, with each having their own 

individual advantages and disadvantages. Heterogenous solid catalyst has shown a high level of 

desirability over homogenous catalyst because of its ease of separation from the product mixture, 

its reusability and its low toxicity. Though a slower reaction is observed when using a heterogenous 

catalyst, increasing the catalysts surface area by grinding or pulverization would rectify this 

disadvantage (Bhale et al., 2008).  

Recently, catalyst derived from nontoxic bio-materials such as animal bones, egg shells and animal 

shells has come into study. These materials have been generally regarded as waste and thrown 

away but recent studies and methods have been developed to convert these waste materials into 

useful renewable catalyst making biodiesel production more economical and environmentally 

friendly. Animal bones consist of mainly calcium hydroxyapatite (Ca5(PO4)3(OH)) that could be 

calcinated in a furnace to yield calcium oxide (CaO) which is an efficient catalyst that could be 

employed in the transesterification of animal fats and vegetable oil  

catalysts are mostly preferred during biodiesel production because of their numerous 

advantages over homogenous catalyst which are recoverability, reusability, ease of separation, 

wide range of operating conditions. The Biodiesel is produced using Response Surface 

Methodology as optimizing tool taking factors such as reaction time, reaction temperature and 

catalyst concentration. The chemical composition of the catalyst was analysed using an X–ray 

fluorescence spectrometer with an inbuilt XRD. The surface morphology of the catalyst 

derived from egg shells was observed by a scanning electron microscope (SEM). The functional 

groups present in the catalyst were analysed using a Fourier transform infrared (FTIR) 

spectrophotometer. From the various factors used to optimize production process, waste egg 

shell could serves as a suitable heterogenous catalyst when allamanda oil is used as a feed 

stock and can serve as a good substitute for edible oil in the production of biodiesel. 
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In summary, the utilization of animal bones is a more environmental friendly and cost-efficient way 

of producing biodiesel (Bhale et al., 2008).  

Recent concerns over the environment, increasing fuel prices, and scarcity of supply have 

promoted interest in the development of alternative source to petroleum fuels. Due to the global 

prices of fuel are going up day after day, biodiesel extracted from vegetable oil is one such 

renewable alternative under consideration. The production of biodiesel would be cheap as it could 

be extracted from non-edible oil sources. Biodiesel has been defined as a mono-alkyl ester of 

vegetable oil or animal fats (Knothe, 2005). These resources can be re-grown and considered 

infinite in comparison to crude oil that is limited. When using biodiesel instead of petrodiesel, the 

demand for crude oil products is reduced and as a result their prices decrease. There are many 

types of vegetable oil such as castor oil, jatropha oil, and soybean oil. Biodiesel is produced through 

a refinery process called transesterification reaction of vegetable oils and animal fat. This process 

is a reaction of the oil with an alcohol to remove the glycerin, which is a by-product of biodiesel 

production (Lin et al., 2011).  

The production processes for biodiesel are well known. There are three basic routes to biodiesel 

production from oils and fats that is: (a) Base catalyzed transesterification of the oil, (b) Direct acid 

catalyzed transesterification of the oil, and (c) Conversion of the oil to its fatty acids and then to 

biodiesel. Most of the biodiesel produced today is done with the base catalyzed reaction because 

it is low temperature and pressure; it yields high conversion (98%) with minimal side reactions and 

reaction time. In an in-situ TE process, methanol with an alkaline catalyst is used as the biodiesel 

reactant and simultaneously as a biodiesel extraction solvent, thereby reducing the size and 

complexity of biodiesel production systems. The in-situ TE process has been successfully used with 

canola (Haagenson et al., 2010), soybean (Haas et al., 2004, Haas and  

Scott, 2007), palm fruit, algae, jatropha (Hailegiorgis et al., 2013), cottonseed (Georgogianni et al., 

2008, Qian et al., 2008), and castor seed (Pradhan et al., 2012). These studies showed that an in-

situ TE process may be equal to conventional processes in the yield and quality of biodiesel.  

Different studies have been carried out using different alcohol. Among the alcohols that can be 

used in the transesterification reaction are methanol, ethanol, propanol, butanol and amyl alcohol. 

Methanol and ethanol are used most frequently (Meneghetti, 2006).  

Ethanol is a preferred alcohol in the transesterification process compared to methanol because it 

is derived from agricultural products and is renewable and biologically less objectionable in the 

environment, however methanol is the most commonly used alcohol because of its low cost and 

its physical and chemical advantages associated with being polar and the shortest chain alcohol. 

The reaction time is shorter in the methanolysis because of the physical and chemical properties 

of methanol. The production of castor oil was faster with methanol compared with ethanol 

(Meneghetti, 2006).  

The conventional production of biodiesel proceeds in transesterification of oils or fats using 

homogeneous catalysts but it will cause production of wastewater from washing process of 

catalyst residues and un-reusability of the catalysts (Macleod et. al., 2008). Therefore, the 

development of heterogeneous solid catalyst has recently gained much attention on view of 

separation and does not produce soap through free fatty acid neutralization and triglyceride 

saponification. Generally, Ca(NO3)2 or Ca(OH)2 is the raw material to produce CaO. There are 
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several natural calcium sources from wastes such as egg shell, mollusk shell, and bone. Solid 

catalyst is not dissolved in the reaction and it can easily separate from products. The catalyst can 

be regenerated and reused and it is environmental friendly.  

  

Reason for research  

The reason of this research is to produce biodiesel from Allamanda oil using waste egg shell as a 

heterogenous catalyst and optimize the production process of biodiesel using Response Surface 

Methodology as optimizing tool. This will be done by producing an heterogenous catalyst from 

egg shell, The usage of waste and non-edible feedstock for biodiesel production to reduce the cost 

of product and will not compete with food supply and security. Developing a heterogeneous 

catalyst from a waste will help in reducing the cost of the product after production.   

 

Importance of this research    

The production of biodiesel through the transesterification process is cost-intensive making it 

more expensive than petroleum-based diesel in the market. Finding a cheaper alternative for 

biodiesel production would be beneficial for a large-scale production in Nigeria, shifting people’s 

demand for petroleum-based diesel which contributes to the depletion of oil reserves and the 

degradation of the ecosystem. Already, the use of solid catalyst has been proven by previous 

researchers to be more cost-effective than homogenous catalyst, also heterogenous catalyst can 

be derived from waste materials. Since egg shell is discarded as waste it could be obtained at a low 

cost or even free then converted to a suitable heterogenous catalyst.  

Elaeis guineens is grown naturally and abundantly in Nigeria and the oils derived from it such as 

Allamanda oil has a better oil yield and is relatively cheaper than other vegetable oil. Because it is 

a perennial crop, its oils can serve as a sustainable source of energy in Nigeria.  

  

Experimental Methodology    

Preparation of seed: The allamanda seeds were cracked manually to obtain the kernels. The 

kernels were covered with hulls, the hulls were blown off with air. The dehulled allamanda kernels 

was kept under sun for six hours. The kernels were oven dried at a temperature of 850C to 1000C 

for 2 hours, the dried kernels were crushed for size reduction to increase the interfacial area for 

proper extraction of oil. The crushed allamanda seeds was kept in an air tight container to prevent 

intake of moisture into the crushed seeds (Soares et al, 2013).  

Catalyst Preparation: A substance that speeds up a chemical reaction, but is not consumed by the 

reaction; hence the catalyst can be recovered unchanged at the end of the reaction. Waste egg sell 

can be easily sourced,. Catalyst used in the transesterification of triglycerides can be classified as 

homogeneous, heterogeneous and enzyme catalyst.  

Heterogeneous catalysis occurs in a different phase than the reactants. Egg shell catalysts are 

more economical and ecologically friendly. Heterogeneous/egg shell catalysts are also easier to 

separate from liquid products and can be designed to give higher activity, selectivity and longer 

lifetimes. Because of these advantages, research on chemical reaction using solid bases as catalysts 

has increased over the past decade. The use of heterogeneous catalysts does not produce soap 

through free fatty acid neutralization and triglyceride saponification. The most commonly studies 
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for heterogeneous basic catalysts are alkaline metals carbonates (Na2CO3, K2CO3), alkaline earth 

metal carbonates (CaCO3), alkaline earth metal oxides (CaO, MgO, SrO, BaO) and other oxides as 

ZnO.  

Unlike the homogenous acid catalyst used in transesterification, acid catalyst contains active sites, 

possessing different strength of Bronsted or Lewis acidity (Chai et al., 2007). Chai et al (2007) 

produced a high-quality methyl ester from various vegetable oils using solid heteropolyacid as a 

heterogenous acid catalyst.   

The sourced egg shells is properly washed, sorted and dried under the sun, the egg shells are then 

be crushed, calcined at about 8000C for 4hrs and finally activated.  

 

Transesterification:   

The mechanism for the transesterification of a triglyceride using in the presence of a heterogenous 

catalyst is as follows; first there is a reaction between the catalyst and the reacting alcohol, forming 

an alkoxide and the protonated catalyst, then there is a nucleophilic attack of the alkoxide at the 

carbonyl group of the oil or animal fat to produce a tetrahedral intermediate, from which the alkyl 

ester along with the anion if the triglyceride. At the last stage the anion of the triglyceride 

deprotonates the catalyst then reacts with the next molecule of the alcohol continuing the 

catalytic cycle. This mechanism applies to also the conversion of the diglycerides and 

monoglycerides to form a mixture of glycerol and the alkyl esters (Demirbas et al., 2007). This 

involves the direct reaction of alcohol, the prepared catalyst and grounded allamanda seed at 

moderate atmospheric pressure and temperature of 900C.  

Alcohol Selection: Among the short chain alcohols used for the transesterification reaction are 

butanol, ethanol, methanol and propanol (Demirbas, 2003) but the most widely used is methanol 

and ethanol, the reason for this was postulated by (Lin and Lin, 2005) which stated that methanol 

and ethanol had superior high solubility in triglycerides giving it a fast reaction rate and due to their 

relatively cheap cost. Ethanolysis, which is the term used when the reacting alcohol during 

transesterification is ethanol, has been deemed to be a more environmentally friendly, as it gives 

an entirely natural method of production, as ethanol is a natural fermentation product as opposed 

to the use of methanol which is produced form natural gas derived from fossil fuel.  

A known weight of the catalyst was added to methanol and the mixture was thoroughly agitated. 
The catalyst methanol mixture was added to the heated allamanda oil as soon as the desired 
temperature for reaction was reached. The magnetic stirrer was turned on and reaction was 
allowed to proceed. At the end of the reaction, the mixture was separated from the catalyst by 
decantation and filtration. The mixture was later transferred to a separating funnel and allowed to 
settle overnight. The glycerol bottom layer was separated from the biodiesel layer. The biodiesel 
was purified by washing with warm water. The process of washing involves adding warm water 
approximately one-third the volume of the biodiesel to the biodiesel inside the separating funnel.  
The produced biodiesel would then be measured to determine its quality and physiochemical 

properties.  

 

CONCLUSION  

This study was aimed at developing an acid activated catalyst from egg shells for the production 

of biodiesel using crushed Allamanda seed as feedstock, transesterification process was adopted 
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for the production of the biodiesel and response surface methodology optimization process was 

adopted. From the various factors used to optimize production process it shows waste egg shell 

could serves as a suitable heterogenous catalyst when allamanda oil is used as a feed stock and 

can serve as a good substitute for edible oil in the production of biodiesel.  
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