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ABSTRACT
Biodiesel is synthesized from edible, non-edible and waste cooking oil or animal oil which can be regarded as an

alternative diesel fuel. The various alternative fuel options tried in place of hydrocarbon oils are mainly biogas,

producer gas, ethanol, methanol and vegetable oils. The aim of this research is to produce biodiesel from coconut oil

using sodium hydroxide and methanol through transesterification method which is the most conventional method.

In carrying out this research, different samples of coconut oil were subjected to a microwave power of different

temperatures of 20°C, 30°C, 40°C, 50°C and 60°C for 1, 2, 3, 4 and 5 minutes respectively. The highest percentage

yield was obtained at a short reaction time of 5 minutes as a result of increase in temperature. The graph of

percentage yields against time which was plotted clearly showed that the longer the reaction time, the higher the yield

of biodiesel. Properties such as density (852 kg/m3), viscosity (3.53 mm²/s at 40°C), flashpoint (119°C), pour point

(-3°C), cetane (56) number, calorific value (38°C) and heating value (37.3°C) of the samples with the highest yield

were obtained. This research shows that the highest percentage yield was obtained at a reaction time of 5 minutes

using microwave oven at 60°C. This clearly shows that the higher the temperature the higher the percentage yield.

From the experiments and results obtained, it can be concluded that biodiesel is more effective and less harmful than

the fossil diesel, hence it is a good alternative for fossil diesel and can be produced in large scale.
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INTRODUCTION
Fuel and energy crisis and the society's concern for depleting 
world's nonrenewable energy resources led to the search for 
alternative fuels. Various global concerns such as the dwindling 
crude oil reserve, global warming and climatic change, air 
pollution and public health and more importantly the steady rise 
in the cost of fossil fuel, have altogether received great interest in 
the use of renewable fuels. One of the most promising 
alternatives fuel that has properties close to those of diesel is 
vegetable oils and one of which is coconut oil [1].

In 1912, Rudolf Diesel who invented and designed the diesel 
engine, predicted that the use of vegetable oils for engine fuels

may seem insignificant today, but such oils may become in the 
course of time as. To overcome the problems associated with the 
direct use of vegetable oil, such as injector coking and the 
thickening of crankcase oil which results in piston ring sticking, 
various modifications of vegetable oils such as transesterification, 
microemulsion formation and the use of viscosity reducers have 
been tried. Among them, transesterification was considered the 
most suitable because the properties of the esters are similar to 
those of diesel. Through transesterification, these vegetable oils 
are converted to the alkyl esters of the fatty acids present in the 
vegetable oil. These esters are commonly referred to as biodiesel. 
The aim of this research is to produce biodiesel from coconut oil 
using sodium hydroxide and methanol through 
transesterification   method   which   is   the   most  conventional
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MATERIALS AND METHODS

Material collection

Coconut oil, 2500 ml of pure coconut oil which is the raw 
material (vegetable oil) for biodiesel production was procured 
from a local market in Maiduguri, Borno state. Both methanol 
and sodium hydroxide were obtained from five-star chemical 
company, Maiduguri, Borno state. The methanol served as the 
reactant while sodium hydroxide was the catalyst (Table 1). 
Distilled water was used to wash the biodiesel after production to 
remove the impurities and soap produced during 
transesterification and was obtained from the department of 
chemical engineering laboratory, university of Maiduguri, Borno 
state (Figure 1) [6].

 Table 1: List of equipment’s used.

Equipment Name of the company 
and place of manufacture

Type

Separation funnel Bruker corporation, USA Teflon straight

Heater (Microwave oven) Shenzhen PCB, China EMS

Conical flask (reactor) Ablaze glass work, USA Erlenmeyer flask

Stirrer Microteknik, India Anchor blade

Weigh balance Dapeng, China Multi-functional precision balance

base known as sodium methoxide (NaOCH3). Then 500 ml of 
the treated coconut oil was poured into the reactor and heated 
gently at temperatures of 20°C, 30°C, 40°C, 50°C and 60°C for 
1, 2, 3, 4 and 5 minutes respectively, then the methoxide was 
added to the oil and the mixture was stirred vigorously in order 
to obtain a homogeneous mixture. The final mixture obtained 
was  poured  into  a  separating  funnel  and made to settle for 24
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method [2]. This method is advantageous in respect of producing 
a less polar and corrosive biofuel with reduced cloud and pour 
points. Biodiesel is an alternative fuel that is renewable in the 
sense that its primary feedstock has a sustainable source.

Part of the advantages of using biodiesel is that it results in 
substantial reductions of unburned hydrocarbons, Carbon 
Monoxide (CO) and Particulate Matter (PM). For instance, the 
use of pure biodiesel can result in reductions of PM and CO by 
50 percent and reductions of unburned hydrocarbons by 70 per 
cent. Also, biodiesel has no sulfur content and is thus 
compatible with the next generation of diesel engine pollution 
reduction devices, such as particulate filters, which require ultra-
low sulfur diesel fuel for effective operation [3]. When used in 
diesel engines there is a slight increase in nitrogen oxides (NOx; 
this increase is negligible when biodiesel is blended with 
petroleum diesel). Also, the increase does not occur when 
biodiesel is used in furnace heaters. Biodiesel is an easy 
alternative fuel to use because it can be used in most diesel 
equipment, in fact adding biodiesel increases the lubricity of the 
fuel, which can increase the life of the engine and its 
components. Because biodiesel can be produced domestically 
from renewable sources, such as canola or other oil seed crops or 
crop-residue, it is virtually CO2 neutral. Its use does not 
contribute to global warming [4].

In view of the current instability in oil prices, biodiesel stands as 
an attractive source of alternative energy. By adopting and 
increasing the use of biodiesel, European countries have 
reduced from her over-dependence on crude oil reserves. 
Besides, conventional fossil fuel has been reported as being 
finite. While it is worthy to note that biodiesel will not 
completely displace petroleum diesel, biodiesel has its place as 
an alternative fuel and can be a source of lubricity as an additive 
to diesel fuel. The emissions produced from biodiesel are 
cleaner compared to petroleum-based diesel fuel. Particulate 
emissions, soot and carbon monoxide are lower since biodiesel 
is an oxygenated fuel [5].

Method

Transesterification process was adopted for the production of 
the biodiesel. 5.0 g of sodium hydroxide pellet was mixed with 
100 ml of methanol inside a strong heat resistance glass beaker. 
Oil to alcohol ratio was 5:1. The mixture was stirred vigorously 
until  sodium  hydroxide  pellets  dissolved  and  formed a strong
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Figure 1: Methanol, sodium hydroxide, coconut oil.



RESULTS
The percentage yield of biodiesel from coconut oil was obtained 
by subjecting it to a microwave power of 20°C, 30°C, 40°C, 50°
C and 60°C for 1, 2, 3, 4 and 5 minutes respectively as shown in 
Tables 2-4 (Figure 3).

S/N Time (min) Temperature (°C) Percentage yield (%)

1 1 20 83

2 2 30 86

3 3 40 90

4 4 50 91

5 5 60 93

Table 3: Properties of biodiesel obtained from coconut oil.

S/N Property Value

1 Viscosity (mm2/s at 40°C) 3.53

2 Density (kg/m3) 852

3 Flash point (°C) 119

4 Pour point (°C) -3

5 Calorific value (°C) 38
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hours. The mixture was separated into two layers with 
the biodiesel floating on top and glycerol at the bottom so 
the biodiesel was decanted [7]. The raw biodiesel was washed 
with water to remove some traces of soap and other 
contaminants and the water was allowed to settle down 
before removing it by draining. 

The washed biodiesel was collected in a beaker and gently 
heated in an oven at 105°C to evaporate the excess water and 
methanol in the biodiesel. These steps were repeated for five 
different samples of coconut oil at different temperature 
and reaction time.

Biodiesel washing

The pure collected biodiesel after transesterification 
reaction was poured into a beaker. Hot water of 40°C was 
poured into the biodiesel slowly and the mixture was shaken 
and kept for 1 hour in a stable position. A layer of soap was 
formed at the bottom of the beaker. The biodiesel was then 
collected (Figure 2) [8].
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Figure 2: Flow sheet of transesterification process of 
biodiesel production from coconut oil.

Table 2: Yield of samples at various temperatures and reaction time.

6 Heating value (°C) 37.3

7 Cetane number 56



Table 4: Percent yield of the five samples.

S/N Time (mins) Temperature (°C) Theoretical weight 
of sample (g)

Actual weight of

sample (g)

Percentage yield 
of samples (%)

1 1 20 500 415 83

2 2 30 500 428 86

3 3 40 500 450 90

4 4 50 500 455 91

5 5 60 500 465 93

From the graph of percentage yield against it is clearly seen that 
60°C gives the highest yield within 5 minutes. Also, as the 
temperature increases, the yield increases. This is because at high 
temperatures NaOH reacts faster due to its fast reacting ability 
[11,12].

CONCLUSION
Transesterification is a commonly employed method for 
biodiesel production. The purpose of this method is to reduce 
the viscosity of oil or fat using acid or base catalyst in the 
presence of methanol or ethanol. It is very evident that coconut 
oil is a good feedstock for biodiesel production. It was observed 
that the highest percentage yield was obtained at a time of 5 
minutes at 60°C. This shows that sodium hydroxide catalyst 
reacts faster as the temperature increases. The biodiesel 
produced can be used in convectional diesel engine, injectors 
and fuel pumps without modification. Finally, the emissions 
produced from biodiesel are cleaner compared to petroleum-
based diesel fuel.
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DISCUSSION

Determination of percentage yield of biodiesel

The treated coconut oil was weighed before the 
transesterification process by weighing scale and the weight was 
referred to as theoretical yield. The biodiesel produced was 
weighed with the same weighing scale and this weight was 
referred to as actual yield [9].

Percent biodiesel yield=(Actual weight/Theoretical weight) × 100

The highest percentage yield of biodiesel from coconut was 
found to be 93%. It is very evident in that the highest yield of 
biodiesel was obtained at 60°C in 5 min reaction time. While in 
it is seen that the viscosity of the biodiesel is 3.53 mm2/s. So 
also the density is seen to be 852 kg/m³. However, the flash 
point and pour point are 119°C and -3°C respectively. The 
calorific and heating values are 38 MJ/kg and 37.3 MJ/kg. 
While the cetane number was found to be 56. These properties 
are much better than the fossil diesel [10].
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Figure 3: Graph showing percentage yield against time.
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