JOURNAL OF NANO AND MATERIAL SCIENCE RESEARCH
Volume 1 (Maiden edition, 2022), pp. 1-8
Available online at journals.nanotechunn.com/jnmsr

ORIGINAL ARTICLE

Extraction and Characterization of Hura crepitans Seed Oil

Stella Ulakom?, Veronica Ezekoye?, Anthony Ofomatah®, David Ezekoye® and Ada Agbogu®”

2Department of Physics and Astronomy, University of Nigeria, Nsukka Enugu State, Nigeria.
°National Centre for Energy, Research and Development.
*Department of Civil Engineering, University of Nigeria, Nsukka, Nigeria.

KEYWORDS

ABSTRACT

Hura crepitans

seed oil

biodiesel

physicochemical properties
transesterification

ARTICLE HISTORY

Received: May 30, 2022
Revised: June 15, 2022
Accepted: July 22, 2022

Hura crepitans (HC) seed oil was extracted using soxhlet extraction method with n-hexane as
solvent at 66.0°C. The extracted oil was converted into biodiesel using alkali-catalytic-
transesterification method at a constant temperature of 60°C for 60 minutes. The oil yield was
(42.00%) while biodiesel yield was (71.86%).The physiochemical properties of the analyzed
biodiesel were specific gravity (0.902), density (903 kg/m®) at 30°C, viscosity (2.4 mm?ls) at
40°C, flash point (193.0°C), pour point (-10.0°C), cloud point (-2.0°C), acid value (Nil), iodine
value (82.0 %), ash content (0.03%) moisture content (0.04%), calorific value (34,860 KJ/kg),
Sulphur content (0.01%) Boiling point (202°C), calcium Ca (32.6667 mg/kg), Magnesium Mg
(4.42 mg/kg), potassium K (2.32 mg/kg) and Sodium Na (2.15 mg/kg) and phosphorus (0.20,
0.10 mg/kg). Gas chromatography was used to determine biodiesel compositions. Infrared
spectroscopy was used for the detection of functional groups and identification of organic
compounds. The quality parameters of the biodiesel were found to be within international
acceptable ASTM 6751 and EN14214 standards. The Hura crepitans (HC) is a good feedstock
for biodiesel production.

1 Introduction

The need for energy is anticipated to increase due to rapid
increase in population, expanding urbanization and to improve
the living standards [1]. Fossil fuels are non-renewable energy
resources. In spite of the fact that these fuels are assisting fully
to the world energy supply, the production and usage have
created environmental concerns and political argument. 98% of
carbon emissions have been shown to come out of fossil fuel
combustion [2]. The desire for energy is continuously
increasing owing to the quick growth in the number of
industries and vehicles and due to population explosion.
Petroleum, natural gas, coal, hydrocarbon and nuclear energy
are the sources of energy. The main drawbacks of using
petroleum-based fuels are atmospheric pollution caused by the
use of petroleum diesel. The emission of several greenhouse
gases is created by the petroleum diesel combustion. Various
fuels have been studied as well to replace diesel fuel
completely. Vegetable oils are produced in rural areas which
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makes it a promising alternative to diesel. The oil gotten from
seed can give self-employment opportunities [3]. Vegetable oil

Figure 1: Soxhlets method for Hura crepitans (Hc) seed oil
extraction
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(peanut oil) was also examined in diesel engine as a fuel at first
by Rudolf in 1911. During the study on other fuels, it was
observed that the vegetable oil can also be used in diesel engine
with no modifications.

Different harmful matters are emitted by engine exhaust
(smoke, unburnt hydrocarbons, carbon monoxide, particulate
matter and nitrogen oxides), which are hazardous for human
being and the environment. Nitrogen oxide and smoke are the
most harmful pollutant [4, 5]. According to [6]. Carbon
monoxide and other gases retained in the environment are as
well the primary cause for climate condition change. The
amount of CO: has been calculated to become larger by 80%
approximately from 2007 to 2030 [7]. The decrease in fuel
reserves and rising environmental issues has driven the
attention of researchers towards the alternative fuels instead of
conventional fuels [8, 9]. In current era different countries
have stress and recommend the use of alternative fuel like
biodiesel fuel by governmental and regulatory track by using
both incentives and prescriptive volumetric certainty.
Vegetable oil is a better source of energy as alternative fuels
from economic and emission quality point of view. [10, 11].

Biodiesel is a mono alky! ester that is produced from fatty acid
ester of edible oil, non-edible oil and waste oils [12]. Biodiesel
is used directly in engine in its clean form or blend with diesel
in different proportions to give alternative solution of fuel in
compression ignition (Cl)engines. It is a renewable source of
energy, oxygenated, Sulphur-free, sustainable and
biodegradable. In diesel engine no modifications are required
while using biodiesel as fuel [13, 14]. As compared to diesel
fuel biodiesel shows less regulated and unregulated emissions
[10]. Different reasons for biodiesel used as alternative focus
on reducing greenhouse gas (GHG) emissions, little effect on
global climate and renewable energy solution and to have more
promising alternative fuel supply to meet the present energy
demand. With the aid of biodiesel emissions of particulate
matter, unburned hydrocarbons, carbon monoxide and carbon
dioxide can be lessened [6], [8], [15]. The Biodiesel obtained
from raw vegetable oil has its properties very close to diesel, in
order that it can be used as an alternate fuel. The chief benefit
of biodiesel as compared to diesel fuel are eco-friendliness,
renewability, high flash point, biodegradability and non-
toxicity [16]. Biodiesel is used in the transport sector as
alternative solution to diesel fuel because it has same properties
to petroleum diesel and decrease in emissions [17, 18]. With
rise in biodiesel usage, it could less the pollutants and movable
carcinogens [19].

[20] state various sources of feedstocks like vegetable oil can
be use in producing biodiesel. The following techniques are
employed in biodiesel production: Transesterification,
pyrolysis and supercritical fluid method etc. Among these
techniques, transesterification is the hot favourite, in which
biodiesel and glycerol can be obtained as secondary product
from the oil [21]. In the production of biodiesel, a vegetable oil
or animal fat reacts with ethanol or methanol in the presence of
a catalyst. From this, methyl or ethyl esters are obtained, which
are the components of biodiesel. Along with the esters, glycerol

is also produced [22]. That reaction is called transesterification.
Stoichiometrically, when the reaction takes place, for every
mole of triglycerides reacting, three moles of alcohol are used.
However, a higher molar ratio of alcohol is usually used for
maximum ester production [23]. Factors affecting
transesterification reaction are: presence of moisture and free
fatty acids (FFA), reaction time, reaction temperature, catalyst
and molar ratio of alcohol and oil [24, 25]

Hura crepitans (Hc) seed usually called sandbox tree seed trees
are found in the family Euphorbiaceae and the seeds are known
to have great potential to yield oil [27]. Extraction of oil is one
of the processes involved in biodiesel production [28]. The aim
of the study was to extract Hura crepitans seed oil using soxhlet
extraction method and convert the oil into biodiesel by
transesterification process and characterize both the oil and
biodiesel to obtain their physiochemical properties that
determine their suitability for use as biodiesel.

2 Materials & Methods

2.1 Materials

The reagents in the study were used without further
purification: potassium hydroxide (KOH), n-hexane and
analytical methanol (CHsOH). All the chemicals used were
analytical reagent grade except industrial hexane (Sigma
Aldrich). Potassium hydroxide pellet, Methanol were
purchased from Sigma Aldrich. Other materials include:
soxhlet extractor, oven, separating flask, electronic weighing
balance, FTIR spectrometer (Shimadzu, Japan) and Gas
Chromatography (GC), Buck 530, USA, HC seeds.

2.2 Methods
2.2.1  Extraction of oil from Hura crepitans seed

Soxhlet extraction method was used to extract the oil from
Hura crepitans seeds. The study was carried out at the National
Centre for Energy Research and Development (NCERD),
University of Nigeria. Fresh and well ripe fruits of the Hura
crepitans were harvested from the University community.

The seeds were removed from the fruits. 800g of the harvested
Hura crepitans seeds were cleaned, de-shelled manually and air
dried at ambient temperature (35 — 40°C) for one month to
reduce the moisture content to 20%. The dried seeds were
reduced to fine particle sizes with a mechanical grinding
machine to enhance oil extraction, as described in a similar
study [29, 30]. The sample was placed in a bucket, mixed 400
ml of n-hexane solvent and stirred continuously for one hour at
room temperature. This process was repeated 3-4 times with
the fine samples using 400 ml of fresh n-hexane at each time in
order to extract most of the oil from the sample. The oil was
collected from the mixtures by filtration method. The solvent
in the extracted oil was removed by drying in the oven at 80°C
and stored in a plastic container for characterizations as shown
in figure 1.
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2.2.2  Biodiesel production from Hura crepitans seed oil

90 ml of extracted Hura crepitans seed oil was measured into a
500 ml beaker mixed the catalyst; methoxide, consisting of
0.531 g, Potassium hydroxide (KOH) dissolved in 22.5 ml of
methanol (CHsOH), set to heat at a constant temperature of
600°C and continuously stirred at a constant speed of 50 rpm
to ensure high quality transesterification of the oil.

At the completion of transesterification reaction for 60
minutes, the mixtures were poured into separating flask and left
to stand for 24 hours for proper separation into two layers of
biodiesel (methyl esters) and glycerol. The upper layer which
is the crude biodiesel was collected in a beaker and subjected
to further purification in order to dry it and remove any trace of
moisture whereas lower layer glycerol which is the bye product
of the reaction was run off as illustrated in figure 2.

The general transesterification reaction equation is present in
equation (1) [31]:

talyst
RCOOR' + RUMOH <=5 R'OH + RCOOR™ @

Where RCOOR! is an ester, R OH is an alcohol (methanol),
R!'0H is another alcohol (glycerol), RCOOR! is an ester and a
catalyst (KOH).

2.2.3  Purification of biodiesel

The synthesized biodiesel was purified to remove unwanted
materials as oil, catalyst and methanol in order to obtain quality
end product. The purified biodiesel obtained was washed
(biodiesel mixed with water, the mixture was poured into a
separating flask and two layers was formed, the upper one was
the purified biodiesel) and dried in the oven at the temperature
of 105°C for 6 hours. Figure 2 is the schematics for the
biodiesel production processes.

2.24  Material Characterizations
The oil content of the seeds was determined using equation (2):

o wieght of oil extracted in gram 2)
% oil yield = X 100
mass of sample dry taken

Moisture content: The moisture content was determined using
equation (3):

Moisture content %

mass of the sample — mass of dry matter

%X 100 3)

mass of sample

The physicochemical properties were determined using
standard procedures [31-33].

Ash content: The ash content was determined using equation
4) 31, 32]:
mass of the ash in gram

Ash content = 100
Sh conten Volume of sample x )

Figure 2: Transesterification process of biodiesel production from,
Hura crepitans (a) Hc seed oil (b) Hc oil with catalyst (c) biodiesel

Density: The density was determined using equation (5):

mass of the sample in gram (5)
Volume of sample

Density =

Free fatty acid: The free fatty acid value was determined using
equation (6):

T x N x NM (6)

F tt id =
ree fatty aci W

Where W is the weight of the sample, T is the titer value.

Acid value: The acid value was determined using equation (7):

561 x N x T @

Acid value = W

Where T is the titer value, N is the normality Sodium
thiosulphate and W is the weight of the sample.

Viscosity: The kinematic viscosity was determined using
equation (8):

NwP1ts 8)

WtW

Kinematic viscosityn =

Where t; time of flow is, tw is taken for water to flow from top
mark to bottom mark, p1 is the density of the sample, #w is the
viscosity of the water and pw is the density of water.

Sulphur content: The Sulphur content was determined using
equation (9):

0.1373b
x 100 ©

Sulphur content % =

Where W is the weight of the sample and b is the weight of
BaSO4 ppt.

lodine value: The lodine value was determined using equation
(20):

(B—T)x N x 12.69 (10)

lodine value (W;;,5) = W
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Where T is the sample titre, B is blank titre, N is normality of
Sodium thiosulphate, and W is the weight of the sample.

3 Results and Discussions

3.1 HCSO Extraction

The ground seeds of Hura crepitans sample was placed in a
bucket and 400 ml of n-hexane solvent was poured into the
bucket containing the ground seeds each to enable n-hexane
solvent to react with the fine particles of the seeds, bringing out
the oil from the seeds. The mixture was stirred continuously for
one hour at room temperature.

This process was repeated 3-4 times with the fine particles of
seeds using fresh n-hexane (400 ml) at each interval in order to
extract most of the oil from the seeds. The liquid mixture was
collected from the sample (seeds) and filtered into a bottle
using a filter paper. At the end of extraction, the solvent (n-
hexane) was recovered from the oil using soxhlet extractor set
at 66°C as illustrated in figure 1.

Figure 1 shows the Soxhlet extraction method for the synthesis
of the Hura crepitans. The percentage yield of the HCSO was
42.0% at 66°C. furthermore, the oil obtained was dried in the
oven at 80°C to remove all traces of solvent (n-hexane) in it
and stored in a plastic container for further use.

3.2 Fatty Acid Composition

The gas chromatographic (GC) analysis of the fatty-acid’s
composition Hura crepitans, is as presented in Table 1. The
HCSO has 79.1% saturated fatty acid and 39.2% unsaturated,
hence, it was dominated by the high amount of saturated fatty
acids. Fatty acid composition includes long chain saturated
fatty acids and unsaturated fatty acids, which are the important
factors that determine the quality of a biodiesel before moving
into the production of diesel [34 — 35].

The presence of one carbon-carbon double bond means the
fatty acid is monounsaturated, while the presence of many
carbon-carbon doubles bonds means polyunsaturated fatty
acids. The fatty acid composition of HCSO obtained agreed
with values obtained in previous studies [36, 37]. Hence
acceptable as a feedstock for biodiesel production [38, 39].

Table 1: Fatty acid composition of HCSO

Fatty acid Structure HC
Lauric acid Cizo 8.8
Myristic acid Cis0 12.7
Oleic acid Cis1 29.1
Palmitic acid Cis0 18.3
Margaric acid Cizo 241
Linoleic acid Cis2 15.7
Linolenic acid Ciss 19
Arachidic acid Ca00 4.8
Eicosapentaenoic Caos 39.2
Docosapentaenoic Cazs 314
Docosahexaenoic Cus 32.3
4

Table 2: Gas chromatography (GC) composition analysis of biodiesel

Parameters % Composition HC
Triglyceride 7.55

Alcohol 8.61

Fatty acid methyl ester 71.86
Monoglyceride 5.93

Glycerol 2.69

Diglyceride 3.35

3.3 Gas chromatography (GC) composition analysis of
Hura crepitans biodiesel

Quantitative results of GC analysis are presented in Table 2 and
showed 71.859% biodiesel yield from Hura crepitans. The
different stages of the transesterification reaction were
observed by Gas Chromatography.

GC was used to observe the process of biodiesel conversion
from triglyceride to diglyceride to monoglyceride. The
monoglyceride was further broken down into fatty acids methyl
ester (biodiesel) and glycerol as the by-product with methanol
in the presence of a catalyst. (The oven temperature was set to
180°C and the GC was allowed to warm up. While it was
warming, the temperature condition of GC was set to 70°C and
220°C for initial temperature, 5 minutes and 2 minutes for the
hold, 10 minutes, and 5 minutes for the ramp and 220°C and
280°C for the final temperature).

34 Physicochemical Properties of the oil

The results of the physicochemical properties of the Hura
crepitans and is presented in Table 3 revealed that the oil was
good for biodiesel production when compared with the work of
[40 - 42].

35 Physicochemical properties of the biodiesel

Table 4 shows the result of the physicochemical properties of
the biodiesel from Hura crepitans The properties obtained
agrees with the international standards for biodiesel with
exception of the flash point of the biodiesel which was higher
than the given limit.

This is considered as an added advantage because it indicates
high non-flammability of the biodiesel relative to petro-diesel
[43, 44]. lodine value obtained from the biodiesel showed little
variation when compared with the EN and ASTM standard
value.

Also, the results of the alkaline metals, alkaline earth metals
and phosphorus found among the physicochemical properties
(Table 3) showed that the obtained values when compared with
ASTM6751 & EN14214 were within the acceptable standards
and agrees with values obtained in previous studies of [45].

journals.nanotechunn.com/jnmsr <



Ulakom et al. | J. Nano & Mat. Sc. Res. | Vol. 1 (Maiden edition, 2022), 1-8

Table 3: Physicochemical parameters of the HC

Property Hura crepitans seed oil
Density (kg/m3) 0.910

Specific Gravity 0.909

Viscosity (mm2/s) 31

Refractive index 1.467

Peroxide value, Meg/Kg 11

Acid value (mg KOH/g) 0.90

lodine value 99.4

Saponification value m(gKOH/qg) 160.4

Free fatty acid (%0) 0.45

The high values of calcium in HC could be as a result of the
type of fruit specie, the environmental factors and the type of
soil where the fruits were planted. Table 4 shows the
comparison of physicochemical properties of HC with
biodiesel standard (ASTM 6751 (USA) and EN 14214
(Europe)).

3.6 Infrared spectroscopy (FTIR) analysis

Table 5 and 6 are the results of the Fourier transform infrared
spectrometry (FTIR) analysis used to identify and evaluate the
possible unknown compounds and functional groups (the type
and the nature of functional groups) present in the oil and
biodiesel produced.

The presence and the nature of functional groups provide
information on the reactivity and the stability of the biodiesel
fuel as well as the efficiency conversion of the oil to biodiesel.
The generated spectrum was used to identify the functional
groups in the fuel sample for qualitative analysis and associated
type of vibrations. The samples of biodiesel and oil were
scanned within mid-infrared region of 4000 cm™ — 400 cm?
with Shimadzu FTIR Spectrometer.

The FTIR spectrum for the biodiesel were interpreted with the
aid of [46] and it revealed that the functional groups present in
oil and biodiesel are with characteristics bands of esters (C=0),
Alkene (C=C) and Alkanes (C-H).

The absorption bands in oils from HC seed indicate that the oil
contains characteristics functional groups of C=0O esters
carbonyl group and C-O-C esters, revealing that the oil
molecules contain esters functional groups. The functional
groups of C=C (alkenes), C-H (alkanes) and the triple bond
C=C (alkynes) that must be present in every good oil was
noticed in the FTIR analysis of the oil.

Table 4: Physicochemical properties of Hura crepitans biodiesel
compare with Biodiesel standard ASTM D6751 and EN 14214

Properties HC ASTM6751 EN14214
biodiesel

Specific gravity 0.902 - -

Density at 30°C (kg/m®) 903 - 860-900

Kinematics viscosity 24 1.9-6.0 3.5-5.0

(mm?/s) at 40°C

Flash point (°C) 193 >130 >120

Pour point (°C) -10 0 -

Cloud point (°C) -2 Report -

Acid value (mg KOH/g)  Nil <0.80 <0.50

lodine value (Wijss) 82.2 - 120

Ash content (%) 0.03 - -

Moisture content (%) 0.04 - <500

Calorific value (KJ/kg) 36,120 - > 35,000

Sulphur content (%) 0.01 <0.05 <0.001

Boiling point (°C) 202 - -

Saponification value 224.00 - -

(mgKOH/g)

Ca (Calcium) Mg/kg 32.67 - <5.0

Mg (Magnesium) 4.42 - <50

Ma/kg

K (Potassium) Mg/kg 2.32 - <5.0

Na (Sodium) Mg/kg 2.15 - <5.0

P (Phosphorus) Mg/kg 0.10 - <5.

From Table 5, the absorption peaks at 3579.68 — 3176.40 cm!
were assigned to the intermolecular hydrogen-bonded O-H of
alcohols which strongly indicated the presence of alcohol
functional groups in the esterified biodiesel.

Table 5: FTIR absorbance spectra of HC

SIN  WAVE TYPE OF FUNCTIONAL
NUMBER (cm™) VIBRATION GROUP
1. 3570.32 -3208.33  Stretching Intermolecular
hydrogen bonded
O-H (alcohol)
2. 3120.52 - 3021.25  Stretching C - H (alkene)
3. 2834.95 Stretching C - H (alkane)
4, 2233.14-2110.34  Stretching C =C (alkyne)
5. 1795.93 Stretching C=0 (Ester)
6. 1667.44 Stretching C=C (alkene)
7. 1499.16 Asymmetrical C — H (alkane)
bending
8. 1388.42 -1176.25 Sym-and asym- C-O-C (Ester)
stretching
9. 997.12 - 680.53 Out of plane C — H (alkene)
bending
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Table 6: FTIR absorbance spectra of HC biodiesel

S/IN  Wave number Type of Functional
(cm™) vibration group
1. 3579.68 — 3176.40 Stretching Intermolecular
hydrogen
bonded O-
H(alcohol)
2 3006.88 Stretching C —H (alkene)
2800.51 Stretching C — H (alkane)
4, 2281.22 — 2065.90 Stretching C =C (alkyne)
5. 1715.35 Stretching C=0O(Ester)
6. 1605.16 Stretching C=C(alkene)
7. 1482.86 — 1386.35 Asymmetric C —H (alkane)
bending

The characteristic strong stretching vibration at 3006.88 cm!
was assigned to the C-H stretching vibrations of the alkene
moieties signifying the presence of C=C unsaturation present
in the fatty acid moieties of the trans-esters (biodiesel). The C-
H stretching of alkanes was responsible for the stretching
vibrations at 2800.51cm™, and the absorption peaks at 2281.22
— 2065.90 cm™* were assigned to the C=C stretching vibration
of a non-terminal alkyne since there was the absence of C-H
stretching vibration around 3310 — 3300 cm for terminal
alkynes. The C=0 stretching vibration for the ester functional
group was duly identified at 1715.35 cm® and the C=C
stretching vibration was assigned to the peak at 1605.16 cm™,

The absorption bands below 1500cm™ are regarded as the
fingerprint region because every compound has a unique
absorption pattern within the region [44] and it is very useful
in differentiating the biodiesel from the oil(triglyceride) or it is
used to show that the transesterification process was successful
[45]. The strong asymmetric bending vibration at 1386.35
indicates the presence of the —CHs group which confirms the
formation of the methyl ester(biodiesel). The characteristic
peaks at 1219.79 and 1017.86cm indicate the presence of the
C-0-C symmetric and asymmetric stretching vibration of an
ester and the out of plane bending vibration is duly identified
at 866.54 - 751.36 cm™.

4 Conclusion

Biodiesel was synthesized from HCSO using alkaline catalytic
transesterification. The oil was extracted from AMS, HCS,
TNS using Soxhlet extraction method. The extracted oil was
converted to methyl ester (biodiesel) using alkaline catalyzed
transesterification method at temperature of 60.0°C. The oil
and biodiesel produced was characterized for their
physicochemical properties.

The comparison of the biodiesel properties with standards
showed close agreement with biodiesel standard (ASTM6751
and EN 14214). The results revealed that alkaline catalyzed
transesterification method is good and safe method for
producing biodiesel even at large scale. The functional group

of the biodiesel study indicate high level of ester (biodiesel)
functional group. The quantity is high enough yield and can be
an alternative renewable source for diesel engines. High quality
yield of 71.86% and low lead content of the produced biodiesel
make Hura crepitans seed a good feedstock for biodiesel.
Hence, Hura crepitans is a good feedstock for biodiesel.
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