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Nigeria has an estimated 37.2 billion barrels of proven oil reserves. The majority of reserves are found along the country's Niger River Delta and offshore in the Bight of Benin, the Gulf of Guinea and the Bight of Bonny. EIA estimates Nigeria's nameplate oil production capacity to have been around 2.9 million barrels per day (bbl/d) at the end of 2009 but as a result of attacks on oil infrastructure, monthly crude oil production ranged between 1.6million bbl/d and 2.0million bbl/d will dry and disappear by the year 2040.

The results obtained by converting 100g castor oil into ethyl esters using the 50g of reagent (ethanol) and catalyst (potassium hydroxide) at a reaction temperature of 60°C and time of 100 minutes were as follows, castor oil biodiesel yield was 89.80%, 53.93g glycerine and 7.27g losses.

ASTM standard fuel characterization was subsequently carried out on the castor oil biodiesel. Specific gravity (0.9196), viscosity (5.8mm 2 /s), flash point (98 0 C), pour point (5.87 0 C) and cloud point (7.79 0 C) measurements of the ethyl esters produced were made following ASTM D6751 standards. The tests were carried out using ASTM D1298, ASTM D445, ASTM D93, ASTM D97 and ASTM D2500 respectively. Generally, the results obtained were found to be in good agreement with previous works and within limits as set by international standards for biodiesel except for the result of the specific gravity which earlier work have proved that this can be improved when it is used as a blend of biodiesel.

INTRODUCTION

Nigeria has an estimated 37.2 billion barrels of proven oil reserves. The majority of reserves are found along the country's Niger River Delta and offshore in the Bight of Benin, the Gulf of Guinea and the Bight of Bonny. Current exploration activities are mostly focused in the deep and ultra-deep offshore with some activities in the Chad basin, located in the northeast of the country. EIA estimates Nigeria's nameplate oil production capacity to have been around 2.9 million barrels per day (bbl/d) at the end of 2009 but as a result of attacks on oil infrastructure, monthly crude oil production ranged between 1.6 million bbl/d and 2.0 million bbl/d [START_REF] Useia | US Energy Information Administration[END_REF] will dry and disappear by the year 2040 (source: allAfrica.com -Nigeria -The country's oil, 2009).

Biodiesel products have been reported as a very modern and technological area for researchers due to its environmental advantages. It is renewable, biodegradable, non-toxic, and typically produces about 65% less net carbon monoxide, 90% less Sulphur dioxide and 50% less unburnt hydrocarbon emission than petroleum-based diesel (Alamu et al;2007a[START_REF] Batidzirai | Biomass and bioenergy supply from Mozambique[END_REF]. This work focused on the process of producing biofuel that will eventually cover for fossil fuels dry up, and producing castor oil biodiesel testing for its properties in order to confirm its use as an oil suitable for biodiesel.

Castor oil use as biodiesel is a good and welcomed idea due to its non-edible factor which goes a long way in reducing oil competitiveness as a feedstock and its use as biofuels, thereby not affecting its costs which could increase rapidly due to its eventual wide use as biofuels in the near future and so not leading to starvation and scarcity that may result thereafter in our markets.

It also reduces threats to the environment from exhaust emissions that results from petroleum diesel.

CASTOR OIL

Castor oil is extracted from the seeds of Palma Christi. Seeds are approximately 46% oil. This oil is highly viscous, its coloration ranges from a pale yellow to colourless, it has a soft and faint odour and a highly unpleasant taste [START_REF] Leonor | Biodiesel from castor oil: a promising fuel for cold weather[END_REF]). Castor oil is a colourless to very pale yellow liquid with mild or no odour or taste. Its boiling point is 313°C (595°F) and has a density of 961 kg/m³ [START_REF] Chakrabarti | Tranesterification studies on castor oil as a first step towards its use in biodiesel production[END_REF]. Castor oil dissolves easily in alcohol, ether, glacial acetic acid, chloroform, carbon sulphide, and benzene. It is made up of triglycerides: 91-95% ricinoleic acid, 4-5% linoleic acid, and 1-2% palmitic and stearic acids [START_REF] Leonor | Biodiesel from castor oil: a promising fuel for cold weather[END_REF]).

BIODIESEL

Biodiesel fuel can be defined as medium length (C16 ± C18) chains of fatty acids, and is comprised mainly of mono-alkyl fatty acid esters. Biodiesel fuel has the benefits of being nontoxic, biodegradable and essentially free of sulphur and carcinogenic ring components (Yamane et al., 2001).

Biodiesel is a name applied to fuels manufactured by the transesterification of renewable oils, fats and fatty acids. It has gained importance in the last years in more than 21 countries leading to commercial projects in Austria, the Czech Republic, France, Germany, Italy, Malaysia, Nicaragua, Sweden and the USA [START_REF] Best | Alternative energy crops for agricultural machinery biofuels -Focus on biodiesel[END_REF].

The use of biodiesel as fuel continues to attract attention because of the successful results obtained in its applications and the intent to utilize a domestic, renewable resource that provides environmental benefits with lower emissions compared to the conventional petroleum-based fuel (Alamu et al., 2007b). However, in cold conditions the behaviour of biofuels normally is even worse than that of petroleum diesel. At low temperatures biodiesel and diesel form wax crystals that can restrict the flow in a vehicle fuel system clogging fuel lines and filters. Castor oil biodiesel exhibits different operation conditions.

Investigations on converting castor bean oil into biodiesel are undertaken by means of transesterification as a first step towards reducing its viscosity and improving its fuel quality for applications in the compression-ignition (diesel) engine.

TRANSESTERIFICATION

The most common process of converting castor oil into a product that can be used as diesel is the same as what is used in the case of converting other similar vegetable oils into diesel. The process is called transesterification.

Transesterification refers to a reaction between an ester of one alcohol and a second alcohol to form an ester of the second alcohol and an alcohol from the original ester, as that of methyl acetate and ethyl alcohol to form ethyl acetate and methyl alcohol.

In this work, biodiesel production from castor oil will be performed by alcoholysis reaction with ethyl alcohols and suitable reaction conditions were investigated. For this purpose; the effect of reaction temperature, catalyst type, catalyst ratio and alcohol-oil ratio on biodiesel yield and conversion (ester content) will be examined. Transesterification reactions will be via the aid of a microprocessor. Among the alkali catalysts, KOH gave the best yield and this will also be the catalyst to be used in this production.

However, as it is much, considerable research has been done on vegetable oils as diesel fuel.

That research includes palm oil, soybean oil, sunflower oil, coconut oil, rapeseed oil and tung oil [START_REF] Ma | Biodiesel production: a review[END_REF] and most recently castor oil [START_REF] Leonor | Biodiesel from castor oil: a promising fuel for cold weather[END_REF][START_REF] Chakrabarti | Tranesterification studies on castor oil as a first step towards its use in biodiesel production[END_REF] though very little work have been done on castor seed oil biodiesel and its use as biodiesel has not been so ascertained especially because of its very high viscosity and flash point. Therefore, this work will further study castor oil biodiesel fuel through ASTM standard tests for basic fuel properties such as specific gravity, viscosity, flash point, pour point and cloud point. The procedures adopted by these researchers as well as those reported by (Alamu et al., 2007b), were adopted in this work for preparing castor oil biodiesel.

MATERIALS AND METHODS

Experimental Materials

In this research, transesterification was carried out by reacting castor oil with ethanol in the presence of a basic catalyst (KOH). Castor oil, ethanol, and potassium hydroxide were sourced from sale centres and laboratories though the castor oil was processed out from its bean by students of the Department of Animal Production and Agricultural Science, Ladoke Akintola University of Technology, Ogbomosho, Oyo state, Nigeria while the ethanol used was produced by BDH Chemicals Limited Poole England 99.8% ("absolute") and the Potassium Hydroxide used was produced by Merck, Germany. Reaction temperature for the process must be below the boiling point of alcohol used [START_REF] Van Gerpen | Biodiesel processing and production[END_REF], which in this case ethanol is been used with its boiling point as 78°C.

The miniprocessor (blender) used has a clear glass 1,250 capacity container with stainless steel cutting blades. Other materials used were measuring beakers for ethanol (C 2 H 5 OH) and oil, weighing balance (scales), stop watch, duct tape, heating source, half litre translucent white HDPE container bung and screw on cap, 2 funnel to fit the HDPE container, 2 litre PET bottles and thermometer

EXPERIMENTAL PROCEDURES

Determination of Quantity by Mass (g) of Ethanol required for Transesterification

Given:

Alcohol / Oil ratio = 3:1 Molecular mass of castor oil used = 298 Molecular mass of Ethanol used = 46.07 Therefore, 50g of Ethanol was required to react with 100g of Castor oil to balance for the Alcohol / Oil Molar Ratio.

CATALYST / ALCOHOL PRODUCTION

50.0g of Ethanol was measured and poured into a plastic container a funnel and the lid of the ethanol container was then tightly replaced. 1.0g of KOH was carefully added to the plastic container via a second funnel. The bung and the screw on the cap were replaced tightly. The container was shocked for a few (about six) times by swirling round thoroughly for about 2 minutes until the KOH completely dissolved in the ethanol, forming potassium ethoxide thereafter.

TRANESTERIFICATION REACTION

100.0g of Castor oil was measured out in a beaker, pre-heated to the required temperature (60°C) and poured into the blender. With the blender switched off, the potassium ethoxide from the plastic container was carefully poured into the castor oil. The blender lid was secured tightly and switched on. The mixture was left to blend for 100minutes at moderate speed before the blender was switched off.

SETTLING

The mixture was poured from the blender into a 2-litre PET bottle for settling and the lid was screwed on tightly. The reaction mixture was allowed to stand overnight while phase separation to occur by gravity settling into (an expected) clear, golden / pale liquid biodiesel is expected on the top with the light brown glycerol at the bottom of the bottle. The next day, the castor oil biodiesel/ester at the top was carefully decanted into a PET bottle leaving the glycerol at the base.

WASHING

For washing, two 2-litre PET bottles were used in succession, with half a litre of tap water added for each of the five washes carried out. A small 2mm hole was pierced in the bottom corner of each of the two bottles and the hole covered securely with duct tape. The biodiesel was poured into one of the wash bottles. Half-litre of fresh water was added and the cap screwed on tightly.

The bottle was turned on its side and rolled about until oil and water were well mixed and homogenous. After washing and settling, the water was drained off from the bottom of the bottle by removing the duct tape from the hole. The hole was blocked again when it reached the biodiesel. The biodiesel is to be transferred to the second wash bottle; fresh water was added and washed again. The first bottle was cleaned and the duct tape replaced. The process was repeated five times until water added became as clear as it was, showing no presence of anymore soap in the biodiesel.

The reason for washing is because the castor oil biodiesel might present un-reacted alcohol, catalyst, or glycerine. Un-reacted alcohol decreases the flashpoint of biodiesel, Biodiesel with 0.2% alcohol does not meet ASTM fuel standards, washing reduces alcohol levels below 0.2%, and washing was also used to remove any soap present in the biodiesel.

TESTING FOR SOME PHYSICAL PROPERTIES OF THE CASTOR OIL

The pure biodiesel obtained through the above procedure gave the ester yield, measured on weight basis. The experiment was replicated three times and the average experimental parameters recorded. ASTM standard fuel characterization was subsequently carried out on the castor oil biodiesel. Specific gravity (relative density), viscosity, flash point, pour point and cloud point measurements of the ethyl esters produced were made following ASTM D6751 standards. The tests were carried using ASTM D1298, ASTM D445, ASTM D93, ASTM D97 and ASTM D2500 respectively.

RESULTS AND DISCUSSION

RESULTS

The results obtained by converting 100g castor oil into ethyl esters using the 50g of reagent (ethanol) and catalyst (potassium hydroxide) at a reaction temperature of 60°C and time of 100 minutes is given in Table 1.

Looking at data presented in Table 1 it appears that the ethyl ester of Castor oil biodiesel prepared using 100g Castor oil, 50.0g ethanol, 1.0g KOH at 60°C and 100 minutes reaction time yielded 89.80g Castor oil biodiesel and 53.93g glycerol, while 7.27g of the total reacting masses could not be accounted for. These losses are expected to be some un-reacted alcohol, residual catalyst and emulsion removed during the washing stage of the production process. The results stated are averages of three different experimental runs.

The efficiency in the process for the production of biodiesel was 89.80%, which is quite reasonable and shows that the parameters used are within reasonable ranges. This can be varied though so as to achieve optimum combination of operating conditions for the castor oil biodiesel production.

Below in Table 2 andTable 3 was shown the results for the castor oil biodiesel compared to petroleum diesel and some standards of the world to which they were relatively compared to.

DISCUSSION

Castor oil is an unusual oil in that it is predominantly composed of ricinoleic acid (Conceicao et al., 2007a). Other oil varieties have mixed quantities of different fatty acids and are usually insoluble in alcohol at room temperatures. However, castor oil is unusually soluble in alcohol at room temperatures purely due to the high content of ricinoleic acid (which is polar in nature). Also, ricinoleic acid has an effect on the viscosity of castor oil (being higher than conventional edible oil varieties). Table 4 has been constructed to show fatty acid composition of some conventional edible oils (as reported by [START_REF] Khan | Research into Biodiesel Kinetics and Catalyst Development[END_REF].

In the transesterification of vegetable oils, a triglyceride reacts with an alcohol in the presence of a strong acid or base, producing a mixture of fatty acids alkyl esters and glycerol [START_REF] Schuchardt | Transesterification of vegetable oils: A review[END_REF]. The overall process is a sequence of three consecutive and reversible reactions, in which di-and mono-glycerides are formed as intermediates. The stoichiometric reaction requires 1 mol of a triglyceride and 3 mol of the alcohol. However, an excess of the alcohol is used to increase the yields of the alkyl esters and to allow its phase separation from the glycerol formed.

The alcohol/vegetable oil molar ratio is one of the main factors that influence the transesterification. An excess of the alcohol favours the formation of the products. On the other hand, an excessive amount of alcohol makes the recovery of the glycerol difficult, so that the ideal alcohol/oil ratio has to be established empirically, considering each individual process [START_REF] Schuchardt | Transesterification of vegetable oils: A review[END_REF] It was noted that in the alcohol/oil molar ratio calculation for transesterification of castor oil biodiesel that more alcohol was required in the reaction process compared to other oils of biodiesel already experimented upon. However, this was due to the low molecular mass of castor oil compared to other biodiesel oils as shown in Table 5.

Earlier works on castor oil biodiesel (conceicao et al., 2007a;Florez et al., 2004;[START_REF] Chakrabarti | Tranesterification studies on castor oil as a first step towards its use in biodiesel production[END_REF][START_REF] Leonor | Biodiesel from castor oil: a promising fuel for cold weather[END_REF] are not in agreement with the fact that castor oil biodiesel is a good oil for biodiesel becauses it poses high viscosity and low pour point and low cloud point were also reported. However, in this work results reported conform majorly with other oils of biodiesel stating that its viscosity falls within range acceptable (5.8mm 2 /s) and its pour point and cloud point values were also 5.87 0 C and 7.79 0 C. This results are however related to the fact that the de nutrients in the castor oil which made it poisonous or inedible were removed though further research have not been done to ascertain this.

CONCLUSION AND RECOMMENDATION

The transesterification process of castor oil was carried out with a basic catalyst (potassium hydroxide) 1.0%, 100.0g of castor oil, 50.0g ethanol studied under typical transesterification reaction conditions of 60 0 C and 100 minute reaction time under a small scale laboratory preparation. It can therefore be concluded that castor oil biodiesel gave a promising result especially in the area of its reduced viscosity though some other research can still be carried out in the area of lowering its specific gravity and castor oil viscosity in its natural state.

Castor oil biodiesel prepared using 100g Castor oil, 50.0g ethanol, 1.0g KOH at 60°C and 100 minutes reaction time yielded 89.80g Castor oil biodiesel, 53.93g glycerol, and 7.27g losses. The quantity of castor oil biodiesel produced a yield of 89.80% to the quantity of castor oil used.

At 60 0 F reference temperature, specific gravity of castor oil biodiesel was 0.9196 which is 1.076815 times higher than that of fossil diesel.

At 40 0 C reference point, the castor oil biodiesel presented a viscosity of 5.8 mm 2 /s which is double the value for the viscosity of petroleum biodiesel 2.847 mm 2 /s at 2.03723 times higher.

Result for flash point reported for castor oil biodiesel (98 0 C) was 24 0 C higher than that for the petroleum diesel (74 0 C) thereby giving the castor oil biodiesel an ignitability advantage over petroleum diesel and giving it a low fire hazard range especially as it relates to storage and transportation.

Considering the technical features presented here, B100 and its mixtures can be employed as diesel fuel. The massification of castor oil biodiesel is advisable taking into account that it is a renewable resource and that because of its biodegradability and lower emissions it presents a favourable impact on the environment. Given the widespread presence and ease of cultivation of the castor oil plant it could be used in crop substitution programs turning it into a factor that promotes growth in many regions affected by severe economic problems. I hereby recommend that more research work should be carried out as to how the removal of denutrients in castor oil affects its biodiesel yield as regards its viscosity, pour point and cloud point majorly. Viscosity mm 2 /s 1.9 -6.0 3.50 -5.00 3.5 -5.0 3.50 -5.0 1.9 -5.0 1.90 -6.00 Flash point ˚C 93 min 120 min 120.0 min 120 min 120 min 130 min

  role of Mr. Kayode Afolabi of the Institute of Agricultural Research and Training, Ibadan, Nigeria for passing through all rudiments and helping out in testing the castor oil biodiesel. biodiesel fuels on injection, combustion and exhaust emission characteristics in a direct injection compression ignition engine. Int J Engine Research 2, 4, 249 -261 (2001).

Table 1 . Results from transesterification of Castor oil / ethanol with KOH as catalyst

 1 

	Experimental Conditions	1st Run	2nd Run	3rd Run	Average
	Reaction temperature (°C)	60	60	60	60
	Reaction time (min.)	100	100	100	100
	Castor oil quantity (g)	100	100	100	100
	Ethanol quantity (g)	50	50	50	50
	KOH concentration (g)	1.00	1.00	1.00	1.00
	Castor oil biodiesel obtained (g)	87.20	91.40	90.80	89.80
	Glycerol obtained (g)	57.30	51.50	53.00	53.93
	Losses (g)	6.50	8.10	7.20	7.27
	Castor oil biodiesel yield (%)	87.20	91.40	90.80	89.80

Castor oil Bean Table 2. Shows a comparison between the properties of petroleum diesel and the castor oil biodiesel obtained in the laboratory. Table 2. Castor oil biodiesel and measured fuel properties
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	Properties	Units	Petroleum diesel	Castor oil biodiesel (B100)
	Specific gravity			0.853		0.9196
	Viscosity	mm²/s		2.847		5.8
	Flash point	°C		74		98
	Pour point	°C		-16		5.87
	Cloud point	°C		-12		7.79

Equation of transesterification reaction Table 3. Shows EAS -ERIA Biodiesel fuel standard: 2008
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	Specific						
	gravity			0.86 -0.90 0.86 -0.90 0.86 -0.90	0.86 -0.90	0.86 -0.90