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ABSTRACT 

This research work focuses on the production of biodiesel from palm kernel oil and coconut oil. 

The biodiesel was prepared by trans-esterification of the oils (unsaturated fatty acid) with an 

alcohol in the presence of a catalyst to give mono alkyl ester. The biodiesel produced was 

characterized and analyzed,  the properties and the results obtained for biodiesel made from palm 

kernel oil and coco nut oil include API gravity (21.92 0 C, 25.580C) , Specific gravity (0.9223, 

0.9030), Flash point (640 C,  620 C) Carbon residue (0.04%, 0.03%), Sediment and Water content 

(<0.1), sulphur content (0.17%, 0.16%), and iodine value (13.5mg, 12.6mg).  Biodiesel made from 

palm kernel oil was compared with biodiesel made from coconut oil using these properties. The 

result shows that biodiesel is a good alternative fuel to the conventional fossil diesel since it is 

more environmentally friendly. 

 

1.0. Introduction 

The rising demand for energy amidst depleting petroleum reserves and fluctuating oil prices has 

stimulated the research into alternative forms of energy such as bio-fuels[1, 2]. The interest in 

biofuels doesn’t lie solely in their ability to provide alternative sources of energy to petroleum and 

natural gas, but also their environmental safety, affordability, ready availability from vegetable 

and animal waste, ability to be blended with existing petroleum fuels, and amenability with 

existing internal combustions engines[2-4]. Particular advantages of biodiesel that makes it of 

interest to researchers includes its ability to function safely in all conventional diesel engines while 

offering similar performance and engine lifetime as petroleum diesel [3, 4]. It is also non-toxic, 

non-flammable, reduces smokes, fumes and other tailpipe emissions. Biodiesel possesses superior 

properties to petroleum diesel, by having a better flash point, being biodegradable, low in sulphur 

and aromatic compounds and is generally a cleaner fuel compared to petroleum diesel, since it is 



oxygenated [3]. A general comparison of bio-diesel to regular D2 fuels revealed that: bio-diesel 

possesses higher injector coking, 20-50% of the Sulphur content of D2 fuels, higher specific 

weight, lower heat of combustion, and higher pour points (about 274-298K higher) than petroleum 

diesel depending on the triglyceride source used [3, 5, 6]. However, the major limitation to the full 

utilization of bio-diesel as a replacement for petroleum diesel is the high cost of some of the 

vegetable oils used in its production, as well as the fact that some of these oils are of high 

nutritional value e.g soybean oil [3, 7, 8]. Suggested means of reducing the net cost associated 

with bio-diesel production is the purification and commercialization of its bye-product (glycerol), 

as well as the use of fats and oil wastes form restaurants as triglyceride sources. However, the high 

amount of free fatty acids present in these waste samples and the fact that free fatty acids can’t be 

esterified by alkaline alcoholysis is a limitation to the implementation of the latter approach [3, 9, 

10]. The main methods for producing biodiesel include dilution, micro-emulsion, pyrolysis, and 

trans-esterification of vegetable oils. These methods mainly serve (among other functions) to 

reduce the viscosity of the fluid, making it more suitable as a fuel, compared to the raw vegetable 

oil [3, 8]. Of these methods, trans-esterification has been the most utilized due to its ability to 

produce fuel (esters) with technical properties similar to that of petroleum diesel[3]. The main 

factors known to affect the trans-esterification process are temperature and pressure of the reaction, 

choice of catalyst, duration of reaction, and the triglyceride/alcohol mole ratio. Generally the 

glyceride/alcohol mole ratio used is 6:1-30:1 [3]. 

Previous research efforts at producing biodiesel include the use of soybean oil[11], tobacco seed 

oil[12], safflower oil[13], rapeseed oil[14], Cynara cardunculus L. oils[15], among others[7, 16] 

The quality of the obtained diesel has always been known to be dependent on the synthetic method 

used, as well as the choice of oils. Generally in trans-esterification, ethanol is the preferred alcohol 

due to the fact that it can be obtained readily from agricultural products and so provides a means 

of producing fuels via a totally green approach with less harmful environmental impact compared 

to methanol [3]. However, methanol generally produces shorter ester chains and is cheaper. In 

addition, methyl esters have been demonstrated to possess higher power, torque and less injector 

coke compared to ethyl esters[3].   

In this work, bio-diesel was produced by alkaline methanolysis of palm kernel seed oil and coconut 

oil and the properties of the obtained biodiesel fuel samples were compared. 



2.0. Experimentals 

2.1.Materials and Methods 

Potassium hydroxide, methanol, anhydrous CaCl2 were obtained from Sigma Aldrich Inc (USA). 

Ultrapure deionized water (18.2MΩ.cm, 25°C), Merck Millipore (Germany) was used for 

preparing all solutions. The palm kernel oil and coconut oil were bought from stanverd chemical 

store in Benin City. 

 

2.2. Synthesis of Bio-diesel 

The production of bio-diesel from the coconut and palm kernel oils was done using the standard 

alkali-catalyzed trans-esterification method. In a typical procedure, 3g of potassium hydroxide 

pellet (KOH) was weighed and dissolved in 60.0ml methanol contained in a 250ml conical flask. 

This was stirred until the potassium hydroxide pellet dissolved completely to form potassium 

methoxide (CH3OK). The potassium methoxide was then poured into 500ml conical flask 

containing 200ml of palm kernel oil, while stirring continued. The completion of the reaction was 

indicated by the formation of two liquid layers viz: glycerin and biodiesel. The glycerin phase 

being denser than the biodiesel was separated using a separating funnel. Thereafter, the biodiesel 

was washed using warm water to remove residual catalyst or soaps by shaking the mixture till a 

homogenous solution is formed and allowing the mixture to settle for 5hours. The biodiesel (upper 

layer) was separated from the aqueous layer (lower layer), and dried using anhydrous calcium 

chloride (CaCL2).  

3.0. Results and Discussion 

Characterization of biodiesel made from palm kernel oil and coconut oil. 

Table 1, 

FUEL PROPERTY TEST METHOD  RESULT 

PALM KERNEL OIL COCONUT OIL 

API @ (15OC) ASTMD12968 21.92 25.58 

Specific gravity ASTMD12968 0.9223 0.9030 



Flash point (oC) ASTMD1310 64 62 

Carbon Residue 

(%) 

ASTMD189 0.04 0.03 

BS & W (%) ASTMD323 <0.1 <0.1 

Sulphur Content 

(%) 

ASTMD129 0.17 0.16 

Iodine value (mg 

I2/g oil) 

IP-139 13.5 12.6 

 

Density is an important fuel parameter as it affects the general engine performance, efficiency of 

atomization, cetane number, heating value, and general fuel combustion characteristic[2]. The 

density of bio-diesel can be determined using the API index or the specific gravity index, with 

both scales having an inverse relationship i.e the higher the API index, the lower the specific 

gravity[17].  

A general relationship for converting between both scales is given below[17]: 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 =
141.5

131.5+𝐴𝑃1
………………..(1) 

For diesel engines, the density of the fuel is particularly important as the injection system in these 

engines measures the volume of the fuel, and so changes in density of fuel used will affect the 

mass of the injected fuel and hence its output power (per unit volume). Generally high fuel 

densities causes high viscosities and flow resistance resulting in poorer fuel injection [2]. From 

the obtained results, the biodiesel obtained from coconut oil showed a lower density (higher API 

value) compared to that from palm kernel oil. Compared to the standard expected for biodiesels 

both samples had a density slightly above the maximum permissible limit (0.9) [18]. The specific 

gravity for both biodiesel samples were also higher than that reported for ethyl esters of milkweed 

oil[19], rapeseed oil[20], soybean oil[20], palm kernel oil[21], and  methyl esters of soybean 

oil[20], rapeseed oil[22], cotton seed oil[20], sunflower oil[20], palm oil[20], jatropha oil[20], 

rubber seed oil[23] and palm kernel oil[21] .The higher density obtained may be due to the 



presence of residual water in the biodiesel sample, this is consistent with previous reports in which 

the presence of higher density liquids generally increased the density of biofuels [1, 2]. Hence, 

with better post production drying the density of the diesel fuels will be expected to be lower. The 

flash point of a fuel is another quality control parameter that gives insight into the expected safety 

of the fuel. The flash point typically represents the lowest possible flammable temperature of the 

fuel[1, 2]. Though it has no direct impact on the fuel performance and its combustion in the engine 

system, it is an important safety consideration when transporting the fuel [24]. Technically, it is 

the minimum temperature, corrected to a 101.3kpa pressure at which the fuel vapour above the 

sample ignites when an ignition source is applied under specified conditions [2]. The flash point 

of a fuel varies with the particular fuel under consideration, for biodiesel it should be higher than 

120oC [25]. The obtained value for biodiesel from coconut and palm kernel oils were lower than 

the minimum standard and earlier reports for cottonseed methyl ester (70oC) and palm oil methyl 

ester (85oC) [20]. The results shows that the biodiesel from palm kernel oil will be slightly more 

flammable compared to that from coconut oil. The obtained carbon residue of biodiesel from both 

palm kernel oil and coconut oil was lower than the maximum permissible level of 0.05% [26]. 

Hence, the expected amount of coke deposit arising from combustion of the biodiesel samples in 

engines will be within acceptable standards. The carbon residue obtained for both diesel samples, 

though similar were however slightly higher than that reported for biodiesel from jatropha seed oil 

(0.20%) [27, 28]. The BS & W (basic sediment and water) relates to the amount of water and 

contaminants in a biodiesel sample. Residual water in samples usually results from the washing 

stage involved in the preparation of biodiesel, and so can be reduced by proper drying [29]. 

However, besides drying, due to the hygroscopic nature of biodiesel, it readily absorbs water also. 

The residual water is also known to promote biological processes such as formation of sludge and 

slime and could promote hydrolytic rancidity[29]. Basic sediments usually result from the reaction 

of oxygen with triglycerides resulting in the formation of hydroperoxides. The hydroperoxides 

generate radicals which proceed to form polymeric products. When stored in tanks, rust and 

suspended dirt particles could also contribute to sediments in biodiesel. The maximum permissible 

limit of BS&W for biodiesel is 0.05(vol%), in the case of the biodiesel from palm kernel oil and 

coconut oil, the values obtained was ˂0.1 which is above the permissible limit [29]. The Sulphur 

content of biodiesel fuels has been reported to directly affect the particulate matter emission [26]. 

With increasing Sulphur content corresponding to increasing particulate matter emission. The 



maximum amount of sulphur allowed for biodiesel samples is 0.1 [26]. From the result obtained 

from the biodiesel samples, the Sulphur content for both samples of biodiesel was higher than the 

maximum permissible limit. This could be attributed to the amount of Sulphur in the oil samples 

themselves, as the amount of Sulphur in the original oil samples has been identified as a major 

factor determining the Sulphur content of biodiesel samples [30].   The iodine value of a diesel 

sample relates to the amount of unsaturated bonds in the fuel. From the obtained result, the degree 

of unsaturation in the biodiesel obtained from palm kernel oil was slightly higher than that obtained 

from coconut oil. The maximum permissible limit for iodine value in biodiesel is 120 mg I2/g oil 

[29, 31]. The iodine values obtained for both oil samples were below this limit, and suggest that 

the biodiesel is quite stable to oxidation processes. The iodine value was also lower than that 

reported for soybean oil methyl ester (133.2) and rapeseed oil methyl ester (97.4)[20], but similar 

to earlier reports for biodiesel obtained by methanol alcoholysis of palm kernel oil (14-22) and 

coconut oil (8-10) [32].  

The close values of the fuel parameters in both the biodiesel obtained palm kernel and coconut oil 

can be attributed to the similar carboxylic acid profiles of both oil samples [32]. 

4.0. Conclusion 

This study shows that palm kernel oil and coconut oil are viable sources of biodiesel. The obtained 

biodiesel from both palm kernel oil and coconut oil showed similar fuel properties on comparison 

and were generally acceptable when compared to standards. However, care will be needed in 

transporting the products due to the low flash points observed in both samples.  
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