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ABSTRACT. Increasing global energy demands have led to increased search for alternative sources of fuel. Due
to its similarities with petroleum-based diesel, biodiesel arose as a potential replacement for diesel. In this study,
biodiesel was produced from the seed oil of Vitex doniana (black plum) using a two-step catalyzed
transesterification method. The biodiesel produced was also characterized. Physico-chemical analyses carried out
on the produced biodiesel gave strong indication that it can serve as an alternative feedstock, having recorded a
comparable flash point of 110 °C to American Society of Testing Materials and European Committee for
Standardization standards; though kinematic viscosity measurements showed biodiesel products of relatively high
viscosity which has the tendency to leave deposits on combustion. Spectroscopic analyses indicated successful
transesterification with 95-98% biodiesel yield.

KEY WORDS: Vitex doniana, Black plum, Transesterification, Biodiesel, Two-step catalyzed

INTRODUCTION

The increase in global demand for energy has given rise to increased search for alternative
sources of fuel. There has been a steady rise in energy needs which saw an expansion by 30% of
energy generation [1]. The share of renewable energy sources grew by nearly 1% to almost 25%
in 2017 [2]. These efforts in renewal energy sources include but not limited to solar, wind,
hydro and more recently harvesting, liquefaction and conversion of atmospheric carbon dioxide
to fuel [3]. Biodiesel is one of such effort that has gained traction as it can be made from varied
sources. Due to the widespread availability of biomass resources, biomass-based fuel
technology can potentially employ more people than fossil fuel-based technology [4]. A variety
of fuels can be produced from biomass resources including liquid fuels, such as ethanol,
methanol, biodiesel and gaseous fuels, such as hydrogen and methane. Biofuels are primarily
used in vehicles but can also be used in engines or fuel cells for electricity generation.

Biodiesel has been described as diesel fuel based on animal or vegetable sources [5]. It is a
biofuel consisting of long chain mono-alkyl esters [6]; an alternative to conventional or fossil
diesel, with most biodiesel presently being sourced from waste vegetable oil and oilseed crops.
Biodiesel has been used in the pure form (B100) or blended with petroleum diesel [7]. Most of
the common blends include B2 (2% biodiesel, 98% petrodiesel), BS (5% biodiesel, 95%
petrodiesel) or B20 (20% biodiesel, 80% petrodiesel). Pure biodiesel contains less energy on a
volumetric basis than petroleum diesel, as such lower-level blends can be used in current
engines without modifications [8]. B20 provides similar fuel economy, horsepower, torque, and
haulage rates as diesel fuel. In addition to having superior lubricity, it has the highest British
Thermal Unit (BTU) content of any alternative fuel [7].

Transesterification is a catalyzed chemical reaction involving the conversion of a carboxylic
acid ester into a different carboxylic acid ester. It is a process of exchanging the organic alkyl
groups of plant oil — an ester with the methyl group of methyl alcohol. When an alcohol usually
methanol comes in contact with free fatty acids, they bond to form a biodiesel [9]. Higher
alcohols such as ethanol, isopropanol and butanol can also be used to produce biodiesel.
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The seed of Vitex doniana also known as black plum could be a potential source of
biodiesel. Vitex doniana is native to and largely found in tropical Africa. It belongs to the
Verbenaceae family and it is a medium-sized deciduous tree, 8-18 m high, with a heavy rounded
crown and a clear bole up to 5 m. The bark is rough, pale brown or greyish-white, rather smooth
with narrow vertical fissures. The bases of old trees have oblong scales. The fruit (Figure 1) is
about 3 cm long; green when young, turning purplish-black on ripening and with a starchy black
pulp. Each fruit contains one hard, conical seed (Figure 2), 1.5-2 cm long, 1-1.2 cm wide [10].
Vitex species generally exhibit hermaphroditism, where both functional male and female organs
are in the same flower [11]. Reported works on Vitex doniana are all based on biological
activities of different parts of the plant [12-14].

This research is aimed at looking at the seed of Vitex doniana which is considered an
inedible and waste material, as an alternative feedstock in biodiesel production.

. —

Figure 1. Vitex doniana dry fruit. Figure 2. Vitex doniana dry seed.

EXPERIMENTAL
Reagents

The following are the chemicals used during this work: absolute ethanol, absolute methanol,
conc. sulfuric acid, potassium hydroxide, glacial acetic acid, iodine, potassium iodide, sodium
thiosulfate, chloroform, isopropyl alcohol (all Sigma Aldrich) and re-distilled n-hexane.

Instrumentation

The instruments employed for analyses in this work include; Perkin-Elmer Fourier Transform-
Infra Red spectrum 2 with serial number 97529, Viscometer bath (Stanhope SETA) maintained
at 40 °C, Penski Martens closed cup flash point tester, gas chromatograph-flame ionization
detection (GC-FID) (HP6890) column type HP INNOWax with carrier gas as nitrogen gas,
Hinotek SYD-510D pour and cloud point tester, water bath, rotary evaporator and analytical
balance. The infrared spectra of Vitex doniana seed oil and the subsequent biodiesels were
measured using a PerkinElmer® Spectrum™ Two FT-IR spectrometer. To obtain the best
contact time with the crystal and the background spectrum, the samples were injected into the
empty accessory. Approximately 5 min was required for spectral collection which were
recorded within a range of 4000-550 cm™' with a 4 cm™' resolution. In accordance with
European Union (EU) norm EN 14103 [15], using a GC-FID HP6890 apparatus (Agilent
Technologies, USA) equipped with data acquisition software HP Chemstation Rev.A.09.01
(1206), gas chromatography analyses were performed on the biodiesels. To accomplish
separation, 15 m long HP-INNOWAX capillary column (30 m X 0.25 mm and 0.25 pm film
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thickness) and a constant hydrogen flow rate of 22 psi were used. With an injector temperature
of 250 °C, samples (1 pL) were injected in a split ratio of 20:1. The oven started with an initial
temperature of 12 °C and was followed by an increase in temperature up to 15 °C.

Plant material

Fruit samples of Vitex doniana were purchased from a fruit market in Port Harcourt, Rivers
State, Nigeria and identified by matching against the database of the Plant for a Future
organization (PFAF) [16]. The fruits were peeled, the seeds extracted and air dried. The seed
(3.012 kg) were pulverized to increase the surface area for subsequent extraction of oil.

Extraction of oil

The 3.012 kg of pulverized V. doniana seeds was soaked with 2.5 L n-hexane in an aspirator
bottle for 24 hours. It was then filtered and concentrated using a rotary evaporator. The
extraction process was repeated 6 times with fresh n-hexane each time [17]. The extracted oil
was weighed, and the percentage yield calculated.

Acid value and percentage free fatty acid (% FFA) (ASTM D664)

Vitex doniana seed oil (0.5 g) was weighed into a dry conical flask and 20 mL of isopropyl
alcohol (IPA) added to it. 3 drops of phenolphthalein indicator was added and mixed properly.
The solution was titrated with 0.1 N potassium hydroxide until a pink colour that stayed for 15 s
was observed. The volume of KOH used was recorded as A. The procedure was repeated for the
blank starting with IPA and volume of KOH used recorded as B. Acid value and percentage free
fatty acid were obtained using equations 1 and 2, respectively [18].

(A-B)xNormality of the base X56.1 g
Weight of oil used (g)

Acid value =

(M

(A-B)xNormality of the base x28.2 g (2)
Weight of oil used (g)

lodine value (Association of Official Analytical Chemists (AOAC) Official Methods Cd 11-92)

% FFA =

The oil of V. doniana seed (0.5 g) was weighed and dissolved in a conical flask with 20 mL of
chloroform. 20 mL of KI solution was added followed by 100 mL of distilled water. The
resulting solution was placed in the dark for 30 min. The solution was titrated with standardized
0.1 M sodium thiosulfate using 1 mL of starch solution as indicator and stirred continuously till
the end point was achieved (V;). A blank (V,) was carried out starting with 20 mL of
chloroform. Solution turned to blue black precipitate and then to colourless. Iodine value was
calculated using equation 3 [19].

(V2—V1)xNormality of Na;S,;03x12.69 g
Weight of oil used (g)

Saponification value (AOAC Official Methods Cd 3-25)

lodine value =

©)

Vitex doniana seed oil (0.25 g) was weighed into a round bottomed flask and dissolved with 10
mL of 0.5 N ethanolic solution of potassium hydroxide and the solution was refluxed to ensure
perfect dissolution. The solution was allowed to cool and phenolphthalein (3 drops) added. The
solution was titrated with 0.5 N HCI (V). A blank (V,) was carried out as well. Thus,
saponification value was calculated using equation 4 [19].

g . (V,—-V1)xNormality of HCIX56.1
Saponification value = ~—2—2— e g @)
Weight of oil used (g)
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Peroxide value (AOAC official Methods Cd 8b-90)

The oil of Vitex doniana seed (0.5 g) was weighed into a conical flask and dissolved with 25 mL
mixture of acetic acid and chloroform (2 volume of glacial acetic acid and 1 volume of
chloroform). 1 mL of saturated solution of potassium iodide was added, followed closely by the
addition of 7.5 mL of distilled water. The solution was titrated with 0.1 N sodium thiosulfate
until the yellow color disappeared. Starch indicator (0.5 mL) was added to the solution and the
titration continued to end point (V;). A blank was carried out as well. Peroxide value was
calculated using equation 5 [19].

(V,-V41)xNormality of Na;S;03x1000
Weight of oil used (g)

Peroxide value (Milleqv. peroxide/kg = &)

Acid pretreatment (acid catalyzed esterification)

Vitex doniana seed oil (300 mL) was heated on a heating mantle at 55 °C. A mixture of 6 mL of
concentrated sulfuric acid and 20 mL of methanol was introduced into a round bottomed flask
containing the oil. The mixture was stoppered, placed on a thermostated magnetic stirrer
maintained at 400 rpm and refluxed for 1 hour. The mixture was then poured into a separating
funnel and allowed to stand for 2 hours. The lower layer consisting of aqueous phase was tapped
off. The same procedure was repeated using ethanol [4].

Base catalyzed transesterification

The pretreated V. doniana oil (200 mL of oil pretreated with methanol) was measured and
poured into the round bottomed flask which was immersed in a water bath set at 55 °C and
allowed to heat up until the temperature of the water bath was attained. KOH (1.006 g) was
weighed and added to a conical flask containing 20 mL of methanol and swirled gently until the
KOH pellet dissolve, thereby forming methoxide solution. The methoxide solution was added to
the heated oil and refluxed for 1 hour at a temperature maintained at 55 °C. The mixture was
poured into a separating funnel and allowed to stand for 1 hour for separation to take place. The
lower layer (glycerol) was tapped off and the upper layer (biodiesel) was washed 6 times with
warm distilled water. This same process was repeated for the oil that was pretreated with
ethanol, in this case, ethanol was used instead of methanol. The volume and weight of obtained
biodiesel were measured and recorded.

Density measurement (ASTM D445-12)

An empty beaker was weighed using an analytical weighing balance. 30 mL of produced
biodiesel was then poured into the beaker, and the combined weight measured. The difference
between the weight of the beaker plus biodiesel and that of the empty beaker was obtained and
recorded as the weight of the oil. The density was obtained by taking the ratio of the weight of
the biodiesel and its volume [18].

Weight of measured biodiesel

Density of biodiesel = 6)

Volume of measured biodiesel

Kinematic viscosity measurement (ASTM D445)

Produced biodiesel (10 mL) was poured into a viscometer tube. The tube was then immersed
into a viscometer bath maintained at 40 °C. The oil in the tube was sucked up to the upper limit
mark using a suction pump and allowed to drop under gravity. A stopwatch was started and the
set up monitored till the oil got to the lower limit of the tube and the watch stopped. The time
was recorded, and the procedure repeated twice. The kinematic viscosity was calculated using
equation 7 [18].
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KV @ 40 °C (mm?/s) = Time (s) x Tube constant (7)
Flash point (ASTM D93)

The Pensky-Martens closed cup apparatus was used to obtain the flash points of the biodiesel
produced. Produced biodiesel was poured into the brass cup to touch the prescribed mark inside
the cup and then gently placed into its position until it locked. A thermometer was placed inside
through the provided opening. At intervals, lighted flame was passed through the sample in the
cup to check for flash, while temperature was being monitored. The temperature at the first
distinct flash was taken and recorded. This gave the closed flash point of the biodiesel [18].

Pour point (ASTM D6892-03, 2014)

The biodiesel in a test jar with a thermometer clamped to it was cooled inside a constant
temperature cooling bath, as it cooled it formed wax crystals. The test jar was removed at every
degree drop in temperature and tilted to check the surface movement. When the surface did not
flow for 5 s, the temperature was recorded [18].

RESULTS AND DISCUSSION

Table 1 summarizes the physico-chemical properties of Vitex doniana seed oil. Vitex doniana
seed recorded a moderately high oil yield of 18.5% (640 mL), with acid value of 4.08 mg
KOH/g and % FFA of 2.05. This oil was pre-treated to reduce the acid value to 1.006 mg
KOH/g which is within the permissible limit. High amount of FFA can lead to emulsification
and present great difficulty during separation of the biodiesel from glycerol and during washing
[4]. Acidity has been found to come from fatty acid composition of the oil unlike that of fossil
diesel fuel which comes from sulfur content [20].

Table 1. Physicochemical properties of Vitex doniana seed oil.

Property Unit Value
Color Orange
Appearance Liquid
% Yield % 18.5
Saponification value Mg KOH/g 160
Peroxide value Millieqv peroxide/kg 137
Iodine value g 1,/100g of oil 118
Density @ 15 °C g/em’ 0.8713
Pour point °C 4

Acid value Mg KOH/g 4.08
% FFA % 2.05

Table 2 outlines the physico-chemical properties of biodiesels produced from Vitex doniana
seed oil as it compares with European biodiesel standard EN 14214:2008 and American
biodiesel standard as contained in ASTM D6751-07b. Transesterification of the Vitex doniana
seed oil recorded high conversion percentages of 95% and 98% with potassium ethoxide and
potassium methoxide, respectively. This implies that almost all the starting oil was
transesterified. With reference to European standards for biodiesel EN 14214:2008 (0.86-0.9)
and comparing with standard for petrodiesel EN 590:1999 (0.82-0.845), the densities of the
biodiesels which are 0.8339 and 0.8917 are within specifications.

It has been suggested that low viscosity fuel produce very subtle spray and cannot get into
the combustion cylinder thus forming the fuel rich zone which leads to the formation of soot
[21]. On the other hand, higher viscosity turns atomized fuel into larger droplets with high
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momentum and has a tendency to collide with the cylinder wall relatively. This leads to an
increase in deposits and fuel emissions [21, 22]. Thus, from the kinematic viscosity at 40 °C
results as presented in Table 2 showing 12 mm”/s for biodiesel produced with ethoxide and
biodiesel produced with methoxide as 11.72 mm?s; it is clear that the biodiesels produced from
Vitex doniana are way above the EN 14214:2008 and ASTM D6751-07b ranges of 3.5-5 mm®/s
and 1.9-6 mm?/s, respectively, and may have the tendency to leave deposits on combustion.

The flash points of biodiesels were 100 °C for biodiesel produced with ethoxide and 104 °C
for biodiesel produced with methoxide (Table 2) which are within the standard range for
biodiesel cited. The values were higher than that of petrodiesel (55 °C) and this makes them
more stable to fire. Flash point has nothing to do with engine performance but rather fuel
handling and storage [23], the result obtained allows the biodiesels from Vitex doniana seed oil
to be classified as non-hazardous under National Fire Protection Association Codes. The
obtained flash points suggest that the biodiesels are not highly flammable but would require
safety precautions like any fuel during usage, storage and transportation [24].

Table 2. Physicochemical properties of biodiesels from V. doniana seed oil.

Property Unit |Biodiesel Biodiesel Standards
produced with|produced with|Biodiesel ASTM Petrodiesel
ethoxide methoxide EN14214: 2008 [D6751-07b |EN 590:1999
Color Brownish red  |Orange
Appearance Liquid Liquid
% Yield % 95 98
Flash point °C 100 104 >101 >93 55
KV @ 40 °C mm®/s |12.00 11.72 35-5 1.9-6.0 2.0-45
Density @ 15°C |g/em’ [0.8339 0.8917 0.86 - 0.90 0.820 - 0.845
Pour point °C 12 12 -5-10 5.6-11.1

Table 3 outlines the fatty acid alkyl ester composition of the biodiesels. The results of GC-
FID technique carried out on the biodiesels show that the products from Vitex doniana seed oil
has high percentage (above 40%) of oleic acid alkyl esters, a mono unsaturated FAME;
followed closely by linoleic acid alkyl esters (28-29%) in addition to other fatty acid alkyl
esters. The degree of unsaturation of biodiesel fuels has effects on engine emissions via its effect
on the cetane number and adiabatic flame temperature while engine performance is not
significantly affected by the type of biodiesel fuel nor its degree of unsaturation [25].

Table 3. GC-FID result of biodiesels produced from Vitex doniana seeds oil.

Retention time|Compound (biodiesel Compound (biodiesel Concentration |No. of
(min) produced with methoxide) produced with ethoxide)  |(%) C-atoms
16.044 Palmitic acid methyl ester 18.948 C16:0
16.251 Palmitic acid ethyl ester  |16.452 C 16:0
16.605 Palmitoleic methyl ester 1.232 Cle:1l
16.921 Palmitoleic acid ethyl ester | 1.454 Cle:l
18.159 Stearic acid ethyl ester 4.738 C 18:0
18.942 Oleic acid methyl ester 42.898 C18:1
19.032 Oleic acid ethyl ester 43.249 C18:1
19.526 Linoleic acid methyl ester 28.054 C18:2
19.573 Linoleic acid ethyl ester  |29.702 C18:2
20.658 Linolenic acid methyl ester 1.431 C 18:3

In Table 4, the FT-IR absorption peaks and their corresponding functional groups are
presented for the oil and biodiesels. When compared to the FT-IR result obtained for the oil, the
biodiesels showed strong absorption peak at 1750 cm™ just as seen in the oil. This agrees with
reported absorption attributed to stretching of C=0, characteristic of esters. Another prominent
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peak was observed at 2900 cm’™ attributable to the symmetrical C-H stretching vibration in
esters, as well as strong absorption at 1480 cm™ attributed to CH, bending vibration. Esters have
two characteristically strong absorption bands arising from carbonyl (C=0) around 1750-1730
em’ and that of C-O (antisymmetric axial stretching and asymmetric axial stretching) at 1300-
1000 cm™ [26]. The fingerprint region which lies from 1500-900 cm™ is the main spectrum
region that allows for distinction between oil and its respective fatty acid alkyl ester [27]. There
are marked absorptions at 900 cm™ and 1050 cm™ in the spectra of the biodiesels which are
absent in the oil spectrum. The peak around 900 cm™ is assigned to asymmetric stretching of
-CH; while the peak at 1050 cm™ is considered to be due to asymmetric axial stretching
vibrations of O-C-C bonds.

Table 4. Comparative FT-IR peaks of Vitex doniana seed oil and biodiesels.

Peak Functional group

(cm™) Oil Biodiesel produced with methoxide |Biodiesel produced with ethoxide

2900 C-H (stretching) |C-H (stretching) C-H (stretching)

1750 C=0 (esters) C=0 (esters) C=0 (esters)

1485 CH; (bending)  |CH, (bending) CH; (bending)

1050 O-C-C (asymmetric axial stretching) |O-C-C (asymmetric axial stretching)

900 -CHj3 (asymmetric stretching) -CH3 (asymmetric stretching)
CONCLUSION

The results showed successful transesterification of oil from Vitex doniana seeds. The seeds
which are considered waste have 18.5% oil and can serve as alternative feedstock for biodiesel
since the biodiesel conversion percentage is in excess of 95%. The biodiesels produced from
Vitex doniana seed oil can be blended with petrodiesel in different ratios (B5, B10 or B20).
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