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ABSTRACT: Biodiesel which is the diesel fuel derived from renewable sources such as plant oils and animal fats, holds a
significant potential as a sustainable alternative to conventional fossil fuels. However, the cost of its production has remained a
major obstacle to the widespread production and commercialization of this globally established renewable alternative energy source.
This study investigated the potential of African oil bean seed as a viable feedstock for biodiesel production using iron (iii) oxide as
catalyst. In carrying out this research, oil was extracted from African oil bean seed by the Soxhlex solvent extraction method using
N-hexane, and converted into biodiesel with Iron (iii) oxide as a catalyst through base-catalyzed transesterification process. The oil
and biodiesel yields were found to be 38% and 92% respectively. The result of the biodiesel characterization through determination
of its physicochemical properties revealed that the biodiesel has these values; viscosity (1.67mm?/s), specific gravity (0.898), density
(0.9 g/cm?), saponification number (174.8 mg KOHY/g), free fatty acid (0.5%), iodine value (17.56 gl»/100g), cloud point (10.2),
pour point (9.5), flash point(223.5°C), cetane number (108.3), calorific value (47,4 MJ/kg). The values are within the acceptable
range prescribed by ASTM D6751for biodiesel, except the high cetane number, cloud point, pour point, which can be reduced with
appropriate additives. This biodiesel compared well with the hydrocarbon diesel fuel. Furthermore, the percentage oil and biodiesel
yields were high, thereby confirming African oil bean seed and Iron (iii) oxide as a viable feedstock, and cheap catalyst respectively,
for biodiesel production.

KEYWORDS: biodiesel, physiochemical-properties, transesterification, seed oil, saponification, solvent extraction, base-catalysis,
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1.0 INTRODUCTION

The growing global concern for environmental sustainability
and the increasing energy cost have spurred extensive
research into the discovery of alternative energy sources.
Biodiesel is a renewable and eco-friendly fuel [1][2] [3], that
has gained global prominence recently, as a viable alternative
to the traditional fossil fuels. The use of biodiesel not only
reduces greenhouse gas emissions but also provides an
opportunity to utilize edible plant oils, such as African oil
bean seed oil, which could contribute significantly to
sustainable energy production [14]. Biodiesel which is the
diesel fuel derived from renewable sources such as plant oils
and animal fats, holds a significant potential as a sustainable
alternative to conventional fossil fuels. It is considered an
environmentally friendly alternative to conventional diesel
fuel due to its lower carbon footprint and the reduced
emissions of harmful pollutants [2]. However, the cost of
production of this widely acknowledged viable alternative to
hydrocarbon diesel has become a major impediment to the
commercialization of this renewable energy source. This has
led scientists and other researchers alike to seek for ways of

producing biodiesel in a cost-effective manner. A number of
strategies that have been identified for reducing, the cost of
biodiesel production includes identification of high oil
yielding feedstocks, Utilization of the most efficient catalyst
for a particular feedstock, improved production technology
and optimization of process parameters. The biggest obstacle
working against the commercialization of biodiesel
production in most developing countries is the chemical
reagents such as N-hexane, alcohol and catalyst, which are
usually imported at a very high cost. Hence, the development
of cheaper reagents and more economical production
technologies as well as the identification of cheap, suitable,
oil-rich feedstock is essential for commercialization of
biodiesel. Furthermore, the choice of catalyst has been
reported to wield significant influence on the production
efficiency, environmental impact of the production process
and production cost [16]. According to TutorChase [21]
catalyst functions to alter the mechanism of a reaction by
providing an alternative reaction pathway with a lower
activation energy. This they do by forming temporary bonds
with the reactant molecules, and creating an intermediate
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species that is more reactive [21]. It has become necessary to
use catalyst in the transesterification of the triglycerides in
vegetable oils and animal fats into biodiesel and glycerol,
because these triglycerides which the main raw material for
biodiesel are reported to have complicated structure, and are
comparatively inactive molecules. The large size of the
triglycerides molecules makes them comparatively stable.
Hence, in order to start the transesterification reaction, the
catalyst is needed to aid in breaking the bonds in the
triglycerides, and thereby increasing their reactivity during
the process [21]. Catalysts are crucial to the biodiesel
production  process because they accelerate the
transesterification reaction and have an impact on the final
product's quality [11] [22]. Acids, enzyme catalysts, and base
materials (alkalis) are examples of frequently used catalysts
in transesterification process. It has been reported that the
reaction efficiency as well as the overall economics of
producing biodiesel are influenced by the choice of catalyst
[14][16][22][23]. The current conventional homogeneous
catalysts such as sulphuric acid, sodium hydroxide, potassium
hydroxide that are commonly used for conversion of
feedstock oils and fats with high FFA into biodiesel are
uneconomical, and pose environmental challenges, since the
product require washing. Atadashi et al. [23] observed that
because of the high cost of refined feedstocks and difficulties
associated with the use of homogeneous alkaline catalysts to
transestrify low quality feedstocks for biodiesel production,
the quest for the development of various heterogeneous
catalysts is now on the increase. Strong bases like potassium
hydroxide (KOH) or sodium hydroxide (NaOH) are
frequently utilized in base-catalyzed transesterification [20],
while Acid-catalyzed esterification involves the use of acids
such as sulfuric acid (H.SO4) or hydrochloric acid (HCI) [16]
[29]. A homogeneous catalyst is a catalyst that exists in the
same phase as the reactants which it is catalyzing [24].
However, it has been reported that the strong acids or bases
which are examples of homogeneous catalysts can be
extremely reactive and caustic during the biodiesel synthesis
process, and often poses serious concerns about the safety of
workers and equipment. However, some of the strategies
aimed at solving these problems involve the use of either
through the use of cheap, but effective less strong base like
iron (iii) oxide or acidic catalyst, or through the use of
heterogeneous catalyst such as solid and enzymes catalysts
[23]. This necessitates additional safety measures and
maintenance procedures, resulting in additional operational
complexity and cost. This makes the application of some
homogeneous catalysts in the production of biodiesel difficult
and costly. Furthermore, homogeneous catalytic processes
often require elevated temperatures and pressures to achieve
satisfactory reaction rates and yields, leading to higher energy
consumption and operational costs compared to
heterogeneous catalysis. This can also lead to a reduction in
the overall economic viability of biodiesel production and
increase its carbon footprint [26]. This research aims to

contribute to the on-going research at providing solutions to
some of the problems mitigating against the large-scale
production of biodiesel. Specifically, this work seeks to
explore the feasibility of using African oil bean oil as a
biodiesel feedstock, by producing biodiesel from oil bean
seed kernel using cheap and readily available waste material
known as iron oxide as catalyst. Iron oxide, with its
abundance, low cost, and environmentally friendly
characteristics, could serve as a potential catalyst for
biodiesel synthesis. When it comes to the manufacture of
biodiesel using transesterification method, homogeneous
catalysis typically produces high ester yields in short reaction
times, but the products must be purified to remove the
residual catalyst, though the waste-water resulting from
washing the products can be environmentally damaging.
Orege et al., [27] observed that one important technology that
has allowed the biodiesel industry to advance significantly is
catalysis. For a long time now, homogeneous catalysis has
been the most common catalyst for biodiesel production.
Since they generate large amounts of biodiesel quickly and
affordably, homogenous acid or alkaline catalysts are
appealing for transesterification in theory [27],[25].
However, the application of this type of catalyst is usually
associated with problems such as water pollution, corrosion
of equipment, unnecessary use of wash water, and separation
of catalyst-product mixtures, and so on [5][31]. African oil
bean (Pentaclethra macrophylla) is an underutilized oilseed
crop that is grown in abundance in many African countries.
The African oil bean tree usually grows into a large size with
long bipinnate compound leaves. It belongs to the Fabaceae
family. The common use of the seeds is that they are boiled
and allowed to ferment for making Ugba, which can either be
eaten alone or used as a condiment for making soup in south-
east Nigeria [39]. The oil bean seed currently has little or no
industrial uses, though its oil is edible oil. Its oil content and
potential for biodiesel production make it an attractive
candidate for sustainable energy generation.

2.0 METHODOLOGY

A brief documentation of the methodology for the production
and characterization of biodiesel from African oil bean seeds
is presented here with the various steps involved, including
seed collection, seed preparation, oil extraction, oil
transesterification, and biodiesel characterization.

2.1 MATERIALS

2.1.1 Seed feedstock Collection. The feedstock material for
this experiment are the seeds of the African oil been tree,
which are processed to obtain its oil. Mature seeds of African
Oil bean used for the experiment were bought from Obollo-
Afor Market in Nsukka Enugu state, south-east Nigeria. This
is a seasonal crop that produces matured seeds in large
quantities during the dry seasons, though the dried seed can
be found in the market all year round. A sufficient quantity of
seeds was collected for the conduct of the biodiesel
production process and subsequent characterization tests.
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2.1.2 Reagents and chemicals

The chemicals and reagents used in this research work for the
extraction of oil and biodiesel production were purchased
from Joechem Ventures chemical store at 45 Enugu-road
Nsukka, Enugu state. They include, N-hexane (99.9%) made
by Merck of Germany, for the Soxhlet oil extraction from the
pulverized seed. Sulphuric acid, for the acid esterification of
the seed oil, Iron oxide (Fe;Os) which will serve as the
catalyst, analytical grade Methanol and Ethanol (99.9%)
produced by Merck Germany for the transesterification of the
oil to biodiesel, and distilled water for washing the biodiesel,
and Phenolpthlein which served as indicator.

2.1.3  Apparatus and analytical equipment

The major apparatus and analytical equipment used in this
research include A (name of) country made Milling machine
(for pulverizing the seeds), an Electrical digital precision
weighing balance (for weighing), a Magnetic stirrer,(for
stirring the reactants), a Measuring cup (1 litre), Measuring
cylinder, Conical flask, Hydrometer (for density
determination), Soxhlet extractor (for oil extraction),
Evaporator oven for drying the produced oil and biodiesel),
Automatic viscosity tester (JSR1104, China), Funnel for
separation of transesterification products, Thermometer for
temperature determination during the oil conversion process.
Other materials included: Distillation tool, Burette, Conical
flask, Glass column, Heater, knife (for extracting the seed

Fig.2.1a, Sorted African oil bean seed

Table [1] shows the weight loss of the extracted seeds of the
African oil bean seed during the sun-drying process. The
weight of the seeds was recorded daily to determine the
moisture contents as it is dried. After drying for about 10 days
and 8 hours each day till the mass of the specimen became

kernel from the shell), and pulverizer (Grinder). Both the
Soxhlet and Transestrification processes for the extraction of
the African Oil bean Seed Oil (AOBSO) and the Subsequent
conversion to Biodiesel respectively were performed at the
National Energy Centre Laboratory, university of Nigeria,
Nsukka, Enugu State.

2.2 METHODS

The production of biodiesel from the African oil been seed
involves a number of stages which are discussed in detailed
below.

2.2.1 Seed Preparation: The purchased seeds were sorted
and selected based on their maturity and quality, to ensure
that they are free from any visible damage or contamination.
The seeds were first sun-dried in the open at an average
temperature of 38°C for 10 days. Thereafter the shells of the
seeds were manually opened using a knife for the seed kernels
to be taken out. The useful seed kernel which formed the
feedstock (major raw material) was sun-dried. To reduce the
moisture content of the extracted seed kernels, the semi-dried
extracted seed kernels were further sun-dried for another 10
days at an average temperature of 38°C, 8 hours each day, and
weighed after each drying day, until the weight loss became
almost insignificant. Figures 2.1a and 2.1b show the sorted
African oil bean seed and the pulverized African seed kernel.

Fig. 2.1b, The pulverized African seed kernel

nearly constant. The dried seed specimen was then taken to
the mill for grinding to powdery form, to make it ready for
the Soxhlet solvent oil extraction process. The moisture lost
from the seeds is calculated based on equ.(1)

Table [1] the weight variations of the seeds during 10 days of sun drying

DAY weight(kg) Moisture content lost
variations /day (kg)

1 16.16 -14.80 1.34

2 14.80 -13.65 1.15

3 13.65-12.90 0.75

4 12.90 -12.55 0.35
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5 12.55-11.50 1.05
6 11.50-10.51 0.99
7 10.51-9.39 1.12
8 9.39 -8.64 0.75
9 8.64 -8.29 0.34
10 8.29 -8.18 0.12

The initial weight of sample before sun-drying = 16.16kg
Total moisture lost during 10 days of sun drying = (1.32 +
1.15+0.75+0.35+1.05+0.99+1.12+0.75+ 0.34 + 0.12)

kg =7.96kg
Total mass available for grinding after 10 days of sun drying
=(16.16 — 7.96)kg =8.18 kg 1)

2.2.2 Oil Extraction and Concentration Procedure. The
dried seeds were pulverized using a milling machine and
subsequently, a given amount of the pulverized seed was used
for the Soxhlet solvent oil extraction process. The oil was
then extracted using the Soxhlet solvent oil extraction method
with N-hexane as the solvent. For the Soxhlet solvent oil
extraction process, a round bottom flask containing analytical
grade N-Hexane (99%) was fitted with a reflux condenser to
the top. This was placed in a heating mantle at 65-C and the
liquid condensate dripped into the thimble which contained
the pulverized sample [30]. The extract sipped through the

pores of the thimble and filled a syphon tube in an operation
that lasted for 6 hours. The extracted oil was collected and
stored in suitable containers for further processing. The
extract was later subjected to heat at a temperature of 65°C to
recover the solvent, through centrifugation and later to
evaporation processes at 100°C, in a rotary evaporator
(R00102439, 50W/15A) to eliminate moisture, leaving
behind the extracted oil. To improve the quality of the
extracted oil, further purification steps, such as refining and
filtration, were implemented on the oil to remove impurities,
water, and any remaining solvent traces. The oil extraction
procedure is shown in figure [2.2]. The flask was then
allowed to cool and the percentage yield was determined.
Thereafter, the refractive index, viscosity, saponification
values, acid value, iodine value, free fatty acid value, specific
gravity, and other relevant properties of the oil were
determined using AOAC (1997) [18].

Fig 2.2 The Soxhlet oil extraction from the milled African oil bean and the purification processes

A solvent extraction procedure was used to extract the oil.
The powdered African oil bean was wrapped in Whatman
filter paper and put into the thimble and the thimble was
placed in a 1 litre capacity flask containing 700 milliliters of
N-hexane of the Soxhlet extractor. Because the n-hexane has
an ideal boiling point of 78°C, the flask was then heated to a
temperature of 79°C with this temperature maintained for a
whole six-hour reflux period. At the end of the six-hour reflux
period, the excess n-hexane in the oil and n-hexane mixture
was removed, and the oil containing a small quantity of n-
hexane was placed inside a centrifugal evaporator, for the
remaining n-hexane solvent to evaporate. The extracted oil
left after the evaporation process was collected and poured
into a sealed airtight container. A total of 2.66 kg of oil was

produced from the 7 kg of the pulverized African oil bean tree
seed, at the end of the oil extraction process.

2.3 Catalyst Preparation

The Iron oxide catalyst used in this experiment is a
homogenous catalyst. This catalyst was prepared by 8g of
Fe,0O3 was weighed out and added to 125ml of methanol and
left in a tightly closed container overnight to dissolve
properly. This mixture was stirred thoroughly to facilitate the
formation of the solution of Iron (iii) methoxide. It is the
formed Iron (11) methoxide solution which was used as the
catalyst. Figure 2.3 shows the ground iron (iii) oxide catalyst.

6338

Ifeanyi S. Umeh !, ETJ Volume 10 Issue 08 August 2025



“Study of Kintom Coastal Safety Structure, Central Sulawesi, Indonesia”

Fig. 2.3 Iron oxide (Fe20s3) catalyst

2.4 BIODIESEL PRODUCTION

The production of biodiesel from vegetable oils and animal
fats using the transesterification method can be by either
alkali-transesterification (base-catalysis), acid-
transesterification (acid-catalysis) or by Lipases (enzyme
catalysis) process. Transesterification is the chemical process
of converting glycerol esters that constitute vegetable oils
into another ester such as the alkyl monoesters that compose
biodiesel [6]. In general, it is the process of exchanging the
organic functional group R" of an ester with the organic group
of an alcohol [7]. The transesterification process usually
involves a number of steps. And the number of steps involved
in the biodiesel production process is dependent upon the type
of the triglyceride conversion method adopted.

2.4.1 Oil Pretreatment/Acid Esterification of the oil

The extracted oil was subjected to acid esterification because
the free fatty acid test on the oil was above 1%, in compliance
with the ASTM D6751 standard [15]. Hence, after the
extraction of the oil from African oil bean tree (Pentaclethra
macrophylla) seed, the free fatty acids of the seed oil were
determined and found to be 3.25% but it is expected to be <
1%, because high FFA leads to low vyield [1] [15][16]. To
reduce the FFA percentage of the extracted seed oil
(AOBSO), 400ml of the oil was preheated to 50°C in a 650ml
round bottom flask containing a mercury in glass
thermometer and placed on the hotplate of a magnetic stirrer
rotating at 250 rpm. 100ml of Methanol was mixed with 10ml
of sulfuric acid (the catalyst) in a beaker and brought to the
same temperature of 50°C afterwards. The mixture of acid
and methanol were added gradually to the preheated oil at the
constant temperature of 50°C and the reaction allowed to
agitate on the stirrer for 1 hour. After this agitation for an
hour, the reaction product mixture was poured into a
separating funnel and left for 6 hours to allow for the
settlement of the impurities. At the end of the resting time,
the content of the funnel was found to have separated into
three layers comprising water at the bottom, pretreated oil in
the middle and methanol at the top layer [14]. The mixture
was carefully separated by tapping of the water first,
thereafter the oil, and finally the methanol. After this, the test

for the FFA of the oil was carried out again. The process of
FFA reduction was continued until the FFA content of the oil
was reduced to < 1% (FFA = 0.52). The pretreated oil was
then poured into a beaker and dried in an oven maintained at
a temperature of 100°C until all the residual water evaporated
away, leaving the African oil bean seed oil extract ready for
biodiesel conversion through transesterification and other
analysis.

2.4.2 Transesterification Process

The oil-to-biodiesel conversion process was carried out by
the use of homogenous base-catalyzed transesterification
reaction method was used as described by Umer et al. [32].
The pretreated African oil bean tree seed oil was converted
into biodiesel by the transesterification reaction in the
presence of Iron oxide catalyst. The ratio of methanol to the
oil sample used was 6:1, the quantity of Iron oxide (Fez Os)
used was 1% weight of the sample. Freedman et al.[33]
reported that the optimal yield of biodiesel (90-97%) was
achieved during transesterification of triglycerides to methyl
esters at methanol to oil ratio of 6:1 and validated by Patil and
Deng.[34]. The transesterification process was carried out
using the batch method. In this method, 6g of the catalyst,
Iron oxide was weighed out and mixed with 600 ml of
methanol in the chemical reactor vessel- a 1000 mL round
bottomed flask equipped with thermostat and mounted on a
magnetic stirrer machine hotplate rotating at 250 rpm, and
raised to a temperature of 60°C, the optimal temperature for
these type reaction as reported by Ma and Hanna, [35]. As
increasing the reaction temperature above the boiling point of
methanol, has been found to speed up saponification until
alcoholysis is concluded [13]. A 100 ml of the preheated seed
oil was then added gently, while maintaining the required
reaction temperature of 60°C, and for a time of two hours, the
reaction time of 120 minutes was identified by [36] for
optimal biodiesel yield of above 90%. Furthermore, after the
agitation for two hours, the reaction product mixture was
poured into a separating funnel and allowed to stand and
settle for 24 hours, enabling the segregation of the reaction
products into two layers, with the upper light layer containing
the Biodiesel, and the denser glycerin layer occupying the
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bottom part. The glycerin layer was tapped off, and thereafter,
the Biodiesel, with the methanol recovered from the
methanol-water ~ mixture  through  distillation.  The
transesterification process was carefully controlled to achieve
optimal conversion efficiency.
CH>COOR;CH,CH,COOR;CHOH+CH>COOR»+3CH,CH>
OH
CH,CH,COOR,+CHOH+CH,COOR3CH,CH2COOR,CH,
COOR,CH,0H

(glycerides) + (alcohol) 5 (ethyl esters) +
(glycerin)

Fig. 2. 4 The Transesterification process of oil conversion to
biodiesel [36]

2.4.3 Separation and Decantation of Biodiesel

As earlier mentioned, the reaction mixture was allowed to
settle for 24 hours, to enable the segregation of bye-products
of the transesterification reaction into two layers; a pale liquid
layer at the top layer of the separatory funnel, the biodiesel
and the lower layer containing glycerin which settled at the
bottom of the funnel. Each of the solutions was either tapped
off or decanted into two different containers.

Fig 2.5 Segregation of the biodiesel from the glycerin after transesterification.

2.4.4 Purification of the Biodiesel

In order to purify the Biodiesel produced, Acetic acid was
added to it, followed by warm, distilled water to remove
impurities [4] [11]. The purification of the biodiesel involved
washing the produced biodiesel with warm distilled water to
remove impurities such as unreacted methanol, glycerin,
particles of the catalyst (Iron oxide), and any soap formed
during the process, from the biodiesel. The ester or biodiesel
obtained are usually washed thrice with warm distilled water
to remove sediments and impurities including the residual
catalyst. Complete removal of the catalyst from the ester
could be made certain by determining the amount of the
catalyst in the glycerin phase and the total catalyst removed
from the ester or biodiesel phase. The sum of these
components of the catalyst will account for all of the Iron
oxide that was used in the reaction as catalyst. In this
experiment, 35mL of distilled water was added to the
separatory funnel containing the produced biodiesel and

gently swirled for approximately one minute while being
maintained at a temperature of 60°C and thereafter allowed
to settle. The distilled water will dissolve the unreacted
methanol, glycerin, and any soap formed during the reaction.
The bottom layer containing the reaction sediments and
impurities was then tapped off from the funnel while the
leftover biodiesel was poured into a clean, dry graduated
beaker. Furthermore, the produced biodiesel which contained
some sediment was thereafter, filtered by passing it through
filter paper, to remove the sediment. This filtration process is
necessary in order to improve the quality of the biodiesel, and
ensure its efficient performance in Cl engine as well as
prolong the life of the injection system of the engine [11].
The purified ester (biodiesel) was thereafter poured into a 250
mL beaker, placed in an oven set at 100°C and dried for 2 hrs.
Finally, the volume of the biodiesel was determined and
percentage yield calculated.
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=

Fig 2.6 Biodiesel produced from African Oil Bean Tree Seed Oil using (Fe203) catalyst

2.5 OIL AND BIODIESEL YIELD
DETERMINATION

A given quantity of the material feedstock was collected and
processed to obtain oil of a given quantity which was
subsequently processed, yielding a given amount of biodiesel.
The methods for the determination of the oil and biodiesel
yield percentages are discussed below.

2.5.1 Oil yield determination

Mass of dry seed kernel = 1 kg

Mass of seed residue after oil extraction =L kg

Mass of Qil extracted from the seed = (I- L) kg

oil yield percent = { - L)/ x100
)

2.5.2 Biodiesel yield determination

Mass of the extracted dry and purified oil used = M kg

Mass of glycol+ sediments =N kg

Mass of the biodiesel obtained after conversion M kg of oil
extracted from the seed = (M-N) kg

Biodiesel vyield percent = (M - N)/M x100
@)

2.6 CHARACTERIZATION OF THE OIL AND
PRODUCED BIODIESEL

The samples of the produced biodiesel were thereafter
subjected to various characterization tests based on ASTM
standards to determine its properties, quality and suitability
for use as a diesel fuel. The following parameters were
investigated and analyzed.

2.6.1Physicochemical Properties of Oil: To comprehend
the chemical and physical attributes of the extracted seed oil
(AOBSOQ), an assessment was conducted. This evaluation
was aimed at determining the condition of the oil in order to
make informed decisions about the need for any necessary
additional treatment prior to commencing the Biodiesel
production process or not [16].

i) specific gravity (Sg)

The specific gravity measurement on the oil was conducted
utilizing a carefully cleaned 50 ml density bottle. The process
entailed weighing an empty thoroughly cleaned 50 ml density
bottle and noting the weight. Then filling the bottle with the

test samples and recording their weight. Subsequently, the
bottle was emptied and refilled with water, and its weight was
recorded again. The formula for calculating specific gravity
is presented as follows:

SG = (w1 -wo) / (W2—wWo) (4)

Where, w; signifies the combined weight of the density bottle
and the sample, w, indicates the combined weight of the
density bottle and the water, and w; represents the weight of
the empty density bottle.

ii) Viscosity: The major goal of the transesterification
process of oil conversion to biodiesel is basically to reduce
the viscosity of the oils. The viscosity of oils and even
biodiesel often determines the applicability of any fuel in
diesel engines or otherwise, as it creates one of the key
challenges to efficient fuel flow, fuel spray, fuel atomization,
fuel-air mixing, early injection, increased maxi mum pressure
and temperature in the combustion chamber, continuous
combustion, and steady power production in engines [16].
The viscosity of the feedstock oil for biodiesel can indicate
the ease or difficulty of its conversion to biodiesel as well as
the biodiesel quality and production efficiency [10][13][16].
The kinematic viscosity of biodiesel was determined using an
automatic viscosity tester (JSR1104, China).

iii) Acid value: This is the number of NaOH required to
neutralize the free fatty acid present in 1.0 gm of the oil
sample [17]. The acid content of the oil was determined using
the approach outlined by Egan et al. [20], with modifications
derived from IUPAC [18]. For this, a combination of diethyl
ether and ethanol (25 ml) was combined with 5 grams of
African oil bean tree seed oil. The mixture was subjected to
titration using 0.1 N ethanolic KOH solution, with 5 drops of
phenolphthalein added to serve as an indicator. The volume
(V) of 0.1 N ethanolic KOH used in the titration was
recorded, and the mixture was continuously agitated until a
shift from coloration to a colourless to pink mixture occurred.
The total acidity of the oil, expressed in mg KOH/g, was
calculated using Equation (5) as follows:

Acid Value=56.1xNxV /W (5)
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Where; W is the weight of the oil sample in g of the test
portion, and V is the volume expressed in ml of 0.1 N solution
of ethanolic KOH. Titer value, N, is the concentration of
Potassium hydroxide KOH.

iv) Free fatty acid value: The acid value is a measure of the
amount of free fatty acids present in an oil sample. It is an
important parameter that indicates the quality of the oil.
Higher acid values indicate a higher concentration of free
fatty acids, which can lead to increased acidity and potential
corrosion in engines and fuel systems. Therefore, a lower acid
value is desirable as it signifies a higher quality biodiesel with
reduced corrosive properties. Regular monitoring and control
of acid value oil are crucial to ensure the optimal
performance. Determination of % free fatty acid (FFA) The
% FFA of the hydrolysis of the seed oil was determined
according to AOAC as described in, [17] and [18].
Approximately 50 mL of isopropanol was poured into the
flask, and about 0.5 mL phenolphthalein added, and thereafter
neutralized with the addition of 0.02 N sodium hydroxide
(NaOH) until a permanent pink colour appeared. The
neutralized isopropanol was then added to 5 g of FFA, stirred
gently and thereafter transferred into an Erlenmeyer flask,
followed by the addition of about 0.5 mL of phenolphthalein.
The mixture was monitored closely and immediately the first
permanent pink colour appeared, 0.02N NaOH was added to
neutralize the mixture. The percentage FFA was calculated
by using the equation (6).

% FFA =(28.2 x N x V)/ W (6)

Where: V = Volume in ml of 0.5N NaOH required for
titration in ml, W = Weight of oil sample in g, N= Normality
of the NaOH

v) Saponification number (SN): The saponification value
(SV), which is also known as the saponification number,
indicates the quantity of potassium hydroxide (KOH) needed
to saponify (or convert to soap) 1 g of oil. The saponification
value of an oil sample is a measure of the chain length (or
average molecular weight) of all the fatty acids in the oil. A
small saponification value or number indicates the presence
of long-chain fatty acids on the glycerol backbone in an oil
sample, while a high saponification value indicates
triacylglycerols with shorter fatty acyl chains [16].The
saponification number of the oil was determined using the
Titration technique based on ISO 3657 [18]. The process
involved dissolving the oil in a solution of ethanolic KOH.
Approximately 2 grams of the oil were weighed and
introduced into a conical flask containing 25 milliliters of 0.1
N ethanolic KOH solution. This mixture was placed on a
magnetic stirrer and gently maintained at boiling state for 1
hour. Thereafter, drops of the indicator phenolphthalein were
added to the mixture and set up in a reflux condenser, and
subjected to titration using 0.5 N HCI. The titration process
was carried out until the pink color from the indicator
disappeared. Following this, a blank titration was conducted
using the same quantity of KOH solution under identical

conditions and for the same period of time. The
saponification number was calculated using Equation (7)
below.

SN=56.1 xN x(Vo-V1) / W (7
Where, W represents the oil weight in grams, N stands for the
concentration of the HCL solution, V1 denotes the volume of
utilized HCL solution in milliliters, and Vo signifies the
volume of HCL solution employed for the blank
measurement in milliliters.
vi) lodine value (1V): The iodine value of the oil extract was
assessed according to the guidelines outlined in I1SO
3961[18]. A quantity of approximately 0.4 grams of the oil
was introduced into a conical flask that contained 20
milliliters of CCl,, to facilitate the dissolution of the oil.
Subsequently, 25 milliliters of iodine monochloride reagent
were cautiously added to the mixture within a fume chamber,
with the use of a safety pipette. The flask was securely
covered with a stopper and vigorously swirled. The mixture
was then kept in darkness for 2.5 hours. Afterwards, 20
milliliters of a 10% aqueous potassium iodide solution and
125 milliliters of water were added. The resulting mixtures
were subjected to titration using 0.1 N sodium-thiosulfate
solutions until the disappearance of the yellow color. The
titration process continued even after the inclusion of a few
drops of 1% starch indicator and drops of sodium thiosulfate,
with continuous vigorous shaking until the blue color of the
mixture vanished. The same procedure was equally employed
for the blank assessment. The iodine value (IV) was
computed using Equation (8) as below:

IV=12.69 x N x (V2-V1) /W (8)

A higher iodine value indicates a higher degree of
unsaturation in the fatty acids, which can affect the oxidative
stability and susceptibility to degradation of biodiesel.
Biodiesel with a high iodine value may be more prone to
oxidation, leading to the formation of harmful byproducts and
potential engine performance issues. Therefore, a lower
iodine value is generally preferred as it signifies a higher
quality biodiesel with better oxidative stability and resistance
to degradation. Monitoring and controlling the iodine value is
crucial to ensure the long-term stability and performance of
biodiesel fuel.
vii) Peroxide Value: To determine the peroxide value of
the oil extract, 1 gram of the oil sample was dissolved in a
mixture of glacial acetic acid and chloroform in a proportion
of 2:1. The solution was allowed to stand in darkness for 1
minute to make for complete dissolution. Subsequently, 1ml
of a potassium iodide solution with a concentration of 10%
was introduced into the mixture and left in darkness for
another minute. 5 ml of distilled water, was later added to the
solution until the pink color as a result of the potassium iodide
solution gradually disappeared. Thereafter, 2 ml of a starch
indicator solution (composed of 10% starch) was added
making the solution to transform into a blue-black color. The
resulting mixture was used for titration with a 0.02 N sodium
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thiosulfate solution. The peroxide value (PV) for the oil was
subsequently determined using Equation (9), below:

PV =100 (Vi-V2) N/W (9)
Where, V1 represents the volume of thiosulfate used in the
sample, V, stands for the volume of thiosulfate in the blank,
W denotes the weight of the utilized oil, and N signifies the
normality of the sample.
A higher peroxide value indicates a higher concentration of
peroxides, which can lead to the degradation of biodiesel and
the formation of harmful byproducts. High peroxide levels
can negatively impact the stability, storage life, and
performance of biodiesel produced from the oil. Therefore,
oil with a lower peroxide value is generally preferred as it
yields a higher quality biodiesel with better oxidative stability
and freshness.
2.6.2 Physicochemical Properties of Biodiesel
The biodiesel produced from the AOBSO was analyzed for
its physicochemical properties using standard methods such
as the ASTM D4052 for specific gravity, ASTM D8045 for
acid value, ASTM D5558 for saponification value, ASTM
D4607 for iodine value and free fatty acid using standard
methods [37].
i) Specific gravity: The exact methodology employed for the
determination the specific gravity of the extracted oil above
was also applied for the determination of the specific gravity
of the produced biodiesel. specific gravity value is relevant to
the quality of any biodiesel, as it provides information about
its purity, composition, and potential presence of impurities
or contaminants. Deviations from the expected specific
gravity value may indicate the presence of water, unreacted
chemicals, or other substances that can affect the performance
and stability of biodiesel.
ii) DENSITY
The density of the biodiesel is generally related to the energy
content of a fuel. it is defined as the mass of a material per
unit volume of the material. The density of the biodiesel was
determined using Equ.(10)
Specific gravity of biodiesel sample (x) = 0.897
Specific gravity of water (y) = 0.999

Densny(i) (10)

ii) Viscosity: The major goal of the transesterification
process of oil conversion to biodiesel is basically to reduce
the viscosity of the oils. The viscosity of oils and even
biodiesel often determines the applicability of any fuel in
diesel engines or otherwise, as it creates one of the key
challenges to efficient fuel flow, fuel spray, fuel atomization,
fuel-air mixing, early injection, increased maxi mum pressure
and temperature in the combustion chamber, continuous
combustion, and steady power production in engines [16].
The viscosity of the feedstock oil for biodiesel can indicate
the ease or difficulty of its conversion to biodiesel as well as
the biodiesel quality and production efficiency [10][13][16].
iii) Acid value: The acid value of biodiesel was determined
with ASTMD664.The acid value is a measure of the amount
of free fatty acids present in a biodiesel sample. It is an

important parameter that indicates the quality of biodiesel.
Higher acid values indicate a higher concentration of free
fatty acids, which can lead to increased acidity and potential
corrosion in engines and fuel systems. Therefore, a lower acid
value is desirable as it signifies a higher quality biodiesel with
reduced corrosive properties. Regular monitoring and control
of acid value are crucial to ensure the optimal performance
and longevity of biodiesel fuel.
iv) Free fatty acid value: The percentage of the FFA value
of the produced biodiesel was determined using the procedure
adopted for the determination of the percentage free fatty acid
for the AOBSO using equation) (6) as above. The free fatty
acid value is a measure of the amount of free fatty acids
present in the biodiesel sample. It is an important parameter
that indicates the quality of the biodiesel. Higher acid values
indicate a higher concentration of free fatty acids, which can
lead to increased acidity and potential corrosion in engines
and fuel systems. Therefore, a lower acid value is desirable
as it signifies a higher quality biodiesel with reduced
corrosive properties. Regular monitoring and control of acid
value are crucial to ensure the optimal performance.
v) Saponification number (SN): The methodology adopted
for determining the Saponification number for the OBSO was
applied to assess the saponification value of the generated
biodiesel. Higher saponification value indicates a higher
average molecular weight of the fatty acids, which can affect
the viscosity and combustion characteristics of biodiesel. It
can also impact the cold flow properties and stability of the
fuel. Therefore, a lower saponification value is generally
preferred as it signifies a higher quality biodiesel with better
fuel properties.
vi) lodine value (IV): The iodine value of the oil extract was
determined based on the ISO 3961 guidelines of 1989. A
quantity of approximately 0.4 grams of the oil was introduced
into a conical flask that contained 20 milliliters of CCls, to
facilitate the dissolution of the biodiesel. Subsequently, 25
milliliters of iodine monochloride reagent were cautiously
added to the mixture within a fume chamber, with the use of
a safety pipette. The flask was securely covered with a
stopper and vigorously swirled. The mixture was then kept in
darkness for 2.5 hours. Afterwards, 20 milliliters of a 10%
aqueous potassium iodide solution and 125 milliliters of
water were added. The resulting mixtures were subjected to
titration using 0.1 N sodium-thiosulfate solutions until the
disappearance of the yellow color. The titration process
continued even after the inclusion of a few drops of 1% starch
indicator and drops of sodium thiosulfate, with continuous
vigorous shaking until the blue color of the mixture vanished.
The same procedure was equally employed for the blank
assessment. The iodine value (IV) was computed using
Equation (8) as below:

IV=12.69 x N x (V2-V1) /W (8)
A higher iodine value indicates a higher degree of
unsaturation in the fatty acids, which can affect the oxidative
stability and susceptibility to degradation of biodiesel.
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Biodiesel with a high iodine value may be more prone to
oxidation, leading to the formation of harmful byproducts and
potential engine performance issues. Therefore, a lower
iodine value is generally preferred as it signifies a higher
quality biodiesel with better oxidative stability and resistance
to degradation. Monitoring and controlling the iodine value is
crucial to ensure the long-term stability and performance of
biodiesel fuel.
vii) Peroxide Value: To determine the peroxide value of
the biodiesel, 1 gram of the sample was dissolved in a
mixture of glacial acetic acid and chloroform in a proportion
of 2:1. The solution was allowed to stand in darkness for 1
minute to make for complete dissolution. Subsequently, 1ml
of a potassium iodide solution with a concentration of 10%
was introduced into the mixture and left in darkness for
another minute. 5 ml of distilled water, was later added to the
solution until the pink color as a result of the potassium iodide
solution gradually disappeared. Thereafter, 2 ml of a starch
indicator solution (composed of 10% starch) was added
making the solution to transform into a blue-black color. The
resulting mixture was used for titration with a 0.02 N sodium
thiosulfate solution. The peroxide value (PV) for the biodiesel
was subsequently determined using Equation (9), below:

PV =100 (Vi-V2)N/W  (9)
Where, V1 represents the volume of thiosulfate used in the
sample, V. stands for the volume of thiosulfate in the blank,
W denotes the weight of the utilized oil, and N signifies the
normality of the sample.
A higher peroxide value indicates a higher concentration of
peroxides, which can lead to the degradation of biodiesel and
the formation of harmful byproducts. High peroxide levels
can negatively impact the stability, storage life, and
performance of biodiesel. It can also contribute to engine
deposits, fuel filter clogging, and potential engine damage.
Therefore, a lower peroxide value is generally preferred as it
signifies a higher quality biodiesel with better oxidative
stability and freshness. Regular monitoring and control of
peroxide value are essential to ensure the optimal
performance and longevity of biodiesel fuel. Proper storage
and handling practices can help minimize peroxide formation
and maintain the quality of biodiesel.
viii) Cloud Point (CP) Measurement: About 10 ml of the
produced biodiesel sample was poured into a clean 50 ml
beaker. The beaker was then placed inside a refrigerator and
regularly observed. The temperature at which a slight haze
initially became visible in the biodiesel sample was recorded.
This recorded temperature was designated as the cloud point.
iX) Pour point (PP) determination: Pour point is the lowest
temperature at which a liquid fuel or lubricant will flow under
specific conditions. About 10 ml of the produced biodiesel
sample was introduced into 50 ml clean beaker. The beaker
was then positioned within a refrigerator to allow the
biodiesel to solidify. Once solidified, the beaker was taken
out from the refrigerator. As the biodiesel sample began to

thaw and revert to liquid form that temperature was noted as
the pour point.
X) Determination of Flash Point (FP): To determine the
flash point, approximately 10 ml of the produced biodiesel
was poured into a conical flask equipped with a thermometer
and gradually heated on a hot plate. An ignition source was
brought close to the top of the container holding the biodiesel
sample. The lowest temperature at which the vapor above the
liquid ignited was recorded as the flashpoint. The flash point
of biodiesel is relevant to its quality as it determines its
susceptibility to ignition and potential fire hazards. A higher
flash point indicates a higher resistance to ignition, which is
desirable for safe storage, transportation, and handling of
biodiesel. Regulatory standards often specify minimum flash
point requirements for biodiesel to ensure safe usage.
Biodiesel with a lower flash point may pose a higher risk of
ignition and should be handled with caution.
xi) Determination of calorific value (Heating Value): The
Higher Heating Value (HHV) of both the oil extracted from
African oil bean seeds and the resulting biodiesel was
computed using Equation (11), as proposed by Demirbas
[13]:

HHV =49.43-0.041 (SN) +0.015 (1V)  (11)
A higher calorific value indicates a higher energy content in
the biodiesel, which translates to more efficient combustion
and greater heat output. Biodiesel with a higher calorific
value can provide more energy per unit volume or weight,
resulting in improved fuel efficiency and potentially better
engine performance.
xii) Determination of cetane number (Cn): The cetane
number for the biodiesel was obtained from an empirical
formula presented by [8], which was based on the
saponification number and iodine value of the biodiesel:

CN =46.3 +(5458/SN) - 0.225 (IV)  (12)

A higher cetane number signifies a shorter ignition delay,
meaning the fuel ignites more quickly and efficiently. The
cetane number is relevant to the quality of biodiesel as it
affects engine performance, combustion efficiency, and
emissions. Biodiesel with a higher cetane number tends to
have better cold-starting properties, smoother combustion,
reduced noise, and lower emissions of pollutants like nitrogen
oxides (NOx) and particulate matter. Regulatory standards
often require a minimum cetane number for biodiesel to
ensure proper engine operation and compliance with
emissions regulations. Therefore, monitoring and controlling
the cetane number is crucial to ensure the quality and
performance of biodiesel fuel in diesel engines.

3.0 RESULTS AND DISCUSSION

The results and discussion of the production and
characterization of biodiesel from the oil extracted from the
seed kernel of African oil bean tree (Pentaclethra
macrophylla), Ukpaka seed are now presented in this section,
detailing the analysis and findings of this experimental
journey targeted at identifying new feedstock and catalyst for
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a cost-effective production of biodiesel from underutilized
agro-crop. The ultimate goal being to ensure widespread
commercialization of biodiesel, which has been globally
acclaimed to be more eco-friendly than the fast-depleting
fossil diesel fuel.

3.1 RESULTS

When dealing with oil containing high free fatty acids like the
Ukpaka seeds, the effectiveness of a base catalyst in
improving the biodiesel yield from a given quantity oil has
been reported to be enhanced by the application of the two-
step transesterification method. This involves the acid-
esterification step, and then followed by the base-catalyzed
transesterification step. The results of all the tests aimed at
determining the major physiochemical properties of the oil
extract as well as the biodiesel from African oil bean tree seed
kernel shown in Tables 3.1 and 3.2 respectively.

3.1.1 Seed moisture content

Weight of sample (g) = 16.16 kg

Weight of dry seed (x) =8.18kg

Loss in weight (g-x) =7.96 kg
% moisture content of seed (

(13)

3.1.2 Qil yield percent

Percentage oil yield from 7kg of seed kernel used during the
oil extraction

From equ.(14), the oil yield percent was obtained as follows;
Mass of dry seed kernel used = 7 kg

Mass of seed kernel residue =4.34 kg

Mass of Oil extracted from the seed = 2.66 kg

Oil vyield percent = [(7 - 4.34)/5] x100 = 38%
(14)

3.1.3 The physiochemical properties of the oil extract
from African oil bean seed

The dry oil extracted from the African oil bean seed was
subjected characterization analysis to determine its
physicochemical properties. The result of the oil
characterization tests is presented in Table 3.1 below.

g —x 100

X —) = 49.26%
g 1

Table 3.1 The physiochemical properties of the oil extract from African oil bean seed.

S/N | Property Results ASTM Method
1 Density g/cm® @ 40°C 0.90

2 Specific gravity @ 40°C 0.90

3 Viscosity mm?s™! @ 40°C 3.5

4 Free fatty acid % @ 40°C 3.25

5 Acid value, mg KOH/g @ 40°C 0.64

6 Saponification value mg/KOH/g @ 40°C 185

7 Iodine value gl,/100g @ 40°C 85

8 Peroxide value (meq. Ox/kg oil) 59

9 Cloud point (°C) 10.5
10 Pour point (°C) 9.7

11 Flash point (° C) 229

12 Cetane number 108.5
13 High heating value MJ/kg 49

14 Colour Brown

3.1.4 Biodiesel production using iron(iii) oxide Catalyst
i) Biodiesel yield percent

Percentage biodiesel yield from 2kg of seed oil used

The biodiesel yield percent was obtained as follows;

Mass of dry seed oil used = 2 kg

Mass of glycol and other sediments =0.16 kg

Mass of biodiesel obtained after oil conversion = 1.84 kg
Percentage biodiesel yield = [(2 — 0.16)/2] x100 =92%
ii) Water and Sediment Content

Weight of biodiesel sample before oven drying (g) =
1.88 kg

Weight of dry biodiesel matter (x) =

1.84 kg

Loss in weight (g-x) =

0.04kg

X 100

% moisture content( 97_ X T) =[(1.88-1.84)/1.88]x10 =

2.13%

iii) Physiochemical properties of biodiesel from oil extract
of African oil bean seed

After the conversion of the extracted oil from African oil been
seed into biodiesel using iron (iii) oxide as catalyst, and the
subsequent tests aimed at determining the properties of the
biodiesel, the results have been summarized in table 3.2, in
order to see how they complied with the ASTM D6751
standards for biodiesels and also to enable easy comparison
with the properties of the conventional hydrocarbon diesel
fuel.
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Table 3.2 The physiochemical properties of biodiesel from oil extract of African oil bean seed.

Properties Conventional Diesel | Results ASTM Method
Standards

Density g/cm? 848 0.864

Specific gravity 845 0.865 0.81-0.95

Viscosity mm?s’! 2.73 1.67 1.9-6.1 D445

Free fatty acid Mg KOH/g = 0.5%%*

A cid value, mg KOH/g 0.28 0.79 0.8 max

Saponification value mg KOH/g = 79.8 ISO1989

Iodine value glo/100g = 17.56 ISO 1985

Peroxide value (meq. O»/kg oil) = 4.8

Cloud point °C -2 10.2 -15-5 D97

Pour point °C -9 9.5 -18 - 6 D2500

Flash point °C 68 223.5 52-96 D93

Cetane number 51 108.3 40 D613

High heating value MJ/kg 45.5 47.4 45-50 D240

iii) A comparison between the physicochemical properties
of African oil bean seed biodiesel and the seed oil

The impact of transesterification oil can be seen from the
differences between the values of the physicochemical

properties of the oil before conversion and the converted
biodiesel. A comparison of the values of the properties of the
oil before conversion and that of the produced biodiesel is
shown in Table 3.3 below.

Table 3.3 A comparison between the physicochemical properties of African oil bean seed oil biodiesel and the seed oil

S/N | Property Oil Biodiesel
1 Density g/cm® @ 40°C 0.90 0.864

2 Specific gravity @ 40°C 0.90 0.865

3 Viscosity mm?s™! @ 40°C 3.5 1.67

4 Free fatty acid % @ 40°C 3.25 0.5%*

5 Acid value, mg KOH/g @ 40°C 1.60 0.79

6 Saponification value mg KOH/g @ 40°C 185 79.8

7 Iodine value gl,/100g @ 40°C 19.5 17.56

8 Peroxide value (meq. O»/kg oil) 5.9 4.8

9 Cloud point °C 10.5 10.2

10 | Pour point °C 9.7 9.5

11 | Flash point (° C) 229 2235

12 | Cetane number 108.5 108.3

13 | High heating value MJ/kg 49 47.4

14 | Colour Brown Light brown

3.2 Discussion

3.2.1 Seed moisture content: In order to minimize the water
content of the oil extracted from the seed and ensure minimal
interference of water on the catalyst during the biodiesel
conversion process, the seed kernels obtained after removing
the seed shells were sun-dried for 10 days, 8 hours each day
at an average daily temperature of 38°C. At the end of the 10
days drying process, the percentage water content of the seed
was determined to be 49.3%. This high seed water content
implies that there is need to ensure that the seeds are carefully
and properly sun-dried until the mass remains constant, so as
to guarantee efficient seed oil extraction and also minimize
energy utilization on oven-drying. Large water content of oil
for biodiesel production usually contaminates the catalyst and

also results in poor oil yield as the greater quantity of the oil
will tend towards the formation of soap rather than biodiesel
[14] [16].

3.2.2 Oil yield percent: The mass of dry oil extracted from
7kg of seed kernel of AOBSO was determined to be 2.66 kg,
giving a percentage oil yield of 38%. This is in agreement
with the finding of Ndukwu and Onyeoziri [14]. This high oil
yield percent shows that AOBSO could serve as a good
feedstock for industrial biodiesel production.

3.2.3 Physicochemical properties of the oil extract from
African oil bean seed oil (AOBSO)

The result of the physicochemical tests conducted on the dry
oil extract from the AOBSO is presented in Table 3.1. The
properties values though with little variation are in close
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agreement with the findings of Abel et al.[17]. The
physicochemical properties of oils are very important as the
have a great impact on the behaviour of the biodiesel fuel
produced from the oil [16]. It is also important to state here
that the physicochemical properties of seed oils determine the
amount of rigour, processing method and the cost incurred
during the oil conversion to biodiesel.

3.2.4 Biodiesel performance

i) Biodiesel yield percent: After the transesterification of the
AOBSO using iron (iii) oxide as catalyst, the result showed
that the quantity of biodiesel obtained from 2kg of the dry oil
was 1.84 kg giving 92% oil yield. This result is in line with
the findings of reports of some previous authors [14], [17],
[36]. It also indicates that the cheap iron (iii) oxide could be
a viable catalyst for the conversion of AOBSO to biodiesel.
ii)Biodiesel moisture content: The mass of wet biodiesel
obtained after washing with warm distilled water was 1.88kg.
However, after oven-drying, the biodiesel produced from the
oil obtained from 7kg of the seed kernels, the biodiesel weight
was determined to be 1.84kg, giving a percentage moisture
content of 2.13%. Biodiesel has the tendency to absorb
moisture than hydrocarbon diesel. It has been reported that
high moisture content in biodiesel can cause problems such
as water accumulation and microbial growth in fuel handling,
storage, and transportation[16] [38].

iii) Physicochemical properties: The result of the
physiochemical analyses on the biodiesel produced from the
oil extract of African oil bean seed is presented in table 3.2.
A close look on the results indicates that most of the property
values are within the ASTM D6751 standards for biodiesel
for CI engines. However, it must be pointed out that the
values of cloud point, pour point, cetane number and flash
point are outside the ASTM standards. The high cloud and
pour points indicate that the AOBSO biodiesel will have poor
cold flow properties [16]. The high flash point of the
produced biodiesel is good because it makes for safe
transportation and storage of the fuel. Nevertheless, it is
important to mention that the poor cold flow properties of the
AOBSO biodiesel could be improved with proper blending
with good additives. Moreover, it could be seen that the
variations in values between the physicochemical properties
of the conventional diesel and that of the AOBSO biodiesel
is not very wide. Hence, one can safely say that the behaviour
of the biodiesel produced from AOBSO using iron (iii) oxide
as catalyst will be close to that of the conventional
hydrocarbon diesel, though with less adverse impact on the
environment.

iii) Comparison of the physicochemical properties of the
AOBSO and AOBSO biodiesel: Table 3.3 shows the effects
of transesterification on the AOBSO during conversion to
biodiesel. A critical look at the table indicates that
transesterification serves to reduce the values of most of the
physicochemical properties of the oil. This is in agreement
with the findings as reported in Umeh and Okonkwo [16].

4.0 CONCLUSION

The increasing concerns over the depletion of natural
resources coupled with the public outcry over the pollution
caused to the environment by the combustion of fossil fuels
has made imperative the need to explore alternative
ecofriendly fuels. Biodiesel which has been acknowledged as
a viable alternative to fossil diesel is currently plagued by its
cost of production. And this has proved to be a major
challenge against its widespread adoption and
commercialization. This state of affairs has brought to the
front burner, the quest for an efficient and cost-effective
strategy for biodiesel production. The study investigated the
potential of using Fe;O3 as catalyst for the conversion of
(AOBSO) to biodiesel by the trans-esterification process. The
results of the Physicochemical properties tests of the
biodiesel produced from AOBSO based on ASTM standards,
compared very well with that of the conventional Biodiesel.
The Fe,03 catalyzed biodiesel from AOBSO gave a cetane
number of 108.3, while the ASTM standard is 40, and that of
the conventional diesel determined to be 51. The result
further revealed that the Iron (iii) oxide catalyzed biodiesel
has a flash point 123.5°C, which is generally considered safer
because it reduces the risk of accidental ignitions and
combustion.
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