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ABSTRACT

The growing energy crisis and the environmental hazards constituted globally by the over dependence on fossil fuel can only be resolve by
sourcing viable alternatives especially from our abundant renewable vegetative reserves’ rich in bio-oil with potential for biodiesel
production. The synthesis of biodiesel from P. curatellifolia seed using n-hexane as solvent yield 36.2 % (v/w) which considered it a viable
feedstock for biodiesels. The Parinari curatellifolia seed oil have high amount of acidic value, iodine value, saponification value and FFAs
of 6.67, 82.62, 135.5 and 3.3 mgKOH/g respectively due relatively high degree of saturated bonds. The GC-MS analysis revealed high
composition of major methyl ester compounds suitable for biodiesel production such as the oleic acid, stearic acid, palmitic acid, Linoleic
acid and Eicosenoic acid. The favorable operating contditions for the biodieselsynthesis was 5% wt. catalyst loading, 3 hrs (reaction time),
9:1 (methanol to oil molar ratio) and 65 °C (reaction temperature) at 3000 rpm stirring rate to have a maximum of PCUME yield of 94.7 %.
The important fuel properties such as Density, Flashpoint, Cloud Point, Calorific Value, Cetane Index and compared to mineral diesel and
global biodiesel standards such as ASTM D6751 testing limit. The results show most of the properties were in good agreement with ASTM
D6751 standard limits. Therefore, advanced technology design and methodology couple with favourable reaction conditions Parinari

curatellifolia seeds can be considered viable biodiesel feedstock.
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1.0 INTRODUCTION

One basic need for socio-economic growth and development
throughout the world today is the quest for clean, sustainable and
environmentally friendly energy resource that can replaced fossil fuel
with more efficient performance in all areas of domestic and
industrial energy applications. However, Population growth,
industrialization and technological advancement are factors
responsible for increasing demand for energy and resulting in
conflicting energy crisis (Vedharaj et al. 2014) that can only be
resolved by instituting alternative sustainable energy solutions. The
petrol fuel has been over exploited as a main source of energy
coupled with its harsh ecological impact, lack of sustainable
availability and rising cost charge stressed the urgent need to source
a viable alternative renewable source of energy which are
sustainable, economically reasonable and environmentally harmless
(Canakci and Van Gerpen, 2001; Sanli, 2008; Berrios and Skelton,
2008).

Reports by several literature has identified biodiesel as the bio-fuels
derived from various biomass sources using different technologies
such as pyrolysis, gasification, fermentation and transesterification
reaction to represent potential fuel substitute to mineral diesel
(Demirbas, 2005; Chen et al., 2013). Biodiesel is a mixture of
monoalkylesters of long chain fatty acids resulting from renewable
lipid feedstock of animal fats or plant oil through transesterification
process (Kafuku and Mbarawa, 2010; Burton, 2008).
Transesterification is a process whereby a number of moles of
triglyceride molecule of complex free fatty acid obtained from

different plant biomass, reacts with moles of alcohol in the presence
of a catalyst and at given temperature to form a methyl/ethyl
ester(biodiesel) and glycerol (Demirbas, 2005; Chen et al., 2013).
These fuel type can be sourced from renewable, abundant, easily
available and affordable feedstock that make its production cheaper,
hence reduces the dependence on imported fossil fuels thereby
controlling the economy and standard of living (Kivevele and
Mbarawa, 2010). Although, biofuels also come with some
disadvantages such as slightly lower calorific value, low cetane
number, poor cold flow properties (pour and cloud point) and less
oxidation stability which are associated with some feedstock
properties (Encinar et al., 2002; Ramadhas ef al., 2005).

Biodiesel production depends on oil feedstock, amount of catalyst
used and the technology employed but more than 70 % of its
production cost depends on oil feedstock and catalyst used (Leung et
al., 2006; Dehkhoda et al., 2013; Zhang et al., 2014). According to
Sanli, and Lee (2008), more than 95 % of biodiesel produced are from
food grade edible oils such as sunflower oil, palm oil, soybean oil and
rape seed oil using homogeneous catalysts but the extensive use of
refined oils for biodiesel production results in food insecurity and
price competition (Adewale et al, 2015). Thus, the uses of
homogeneous catalysts have also result to high production costs due
to high amount of water demand during washing, number of
purification steps, high wastewater management and the catalyst is
not reusable after reaction. These factors contribute to rise the costs
of biodiesel production and become a major obstacle towards its
commercialization processes (Adewale et al., 2015). Therefore, it
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becomes necessary to search for non edible cheaper oil feedstocks
and low-cost catalyst to optimised the biodiesel production process.
Heterogeneous catalysts are mostly used to overcome the drawbacks
of homogeneous catalyst and to enhance commercialization as they
are casy to separate, reused, used even with low-quality oils
feedstock, does not require much washing, Many researchers have
produced biodiesel from non-edible oil seeds, waste oil and
lignocellulosic as viable feedstock (Adewale et al., 2015) and the
refined feedstock is less expensive and with no conflicts with food
stuffs, but associated with very high amount of FFA (greater than 2
%), high density, greater amount of saturated fatty acids, land
competition and technological challenges (Tang er al., 2018).
Benhura et al. (2012) reported Parinari curatellifolia commonly
known as “Mbula tree” as a tropical evergreen seedling tree, with
pulp and seeds feed as food by arboreal animals and by man during
food deficiency especially on drought season. The seeds kernel has
been reported to contain high oil content > 38.5 % while some report
> 60 % depending on the source geographical location (Bazongo et
al., 2014). However, this study seeks to synthesized biodiesel from
Parinarium seed using clay incorporated with baking yeast as
catalyst and characterized the bio-fuel properties.

2.0 MATERIALS AND METHODS

2.1. Experimental Frame Work

The materials, equipment, techniques and procedures used in the
preparation and analysis of both the catalyst and the biodiesel fuels
produced are summarized in the flow chart, Scheme 1 below. All
experimental procedures and measurements were done in triplicate
and their average value were used in the determination of required

fuel property.

Catalyst preparation: Material preparation
and storage

Catalyst classification:
Heterogeneous catalyst used

Oil extraction: Material preparation, solvent extraction,
filtration and storage
.

Oil characterization: Oil content, water content,
iodine, acid, saponification value and FFA%

Biodiesel production: Transesterification process, influence of reaction
parameters (reaction time, temperature, amount of catalyst loading and
molar ratio)

Biodiesel characterization using GC-MS
spectrophotometry
.

Analysis of fuel properties

Scheme 1: Flow Chart of the Research Frame Work

2.2 Materials

The apparatus and analytical equipment used in this research include:
petri dishes, thermos-regulator heater with stirrer, electric digital
precision weighing balance, pH meter, rotary evaporator oven,
heating mantle, Soxhlet extractor and magnetic stirrer, speedo
blender machine, pestle and mortal.

2.2.1 Reagent/solvents

The reagents and chemicals used in this work include the following;
potassium hydroxide (Iobachemie, gmbH 85 %) methanol (Merck
Germany 99.5 % purity), potassium iodide solution, phenolphthalein
(Merck Germany), n-hexane (99 % purity, Merck Germany) All
chemicals used were of analytical grade and used without further
treatment

2.3 Sample Collection and Preparation

Ripen Parinari fruits were collected from its tree plant known as
“putu” in Nupe Language from Lapia LGA — Niger state, Nigeria.
The tree plant (Fig. 1a), Dehulled fruit to obtain the seeds kernel (Fig.
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1b) and sun-dried to remove moisture and ready for oil extraction
process. The baking yeast were collected from Faringada market in
Jos, Plateau state (Fig. 1c) which was already prepared and Kaolin
clay (Fig. 1d) was collected from a Kaolin processing mill in Barikin
Ladi LGA, Plateau state. The biodiesel feedstock sample was
identified in the biological Garden University of Jos.

g

Figure 1(a): P. curatellifolia tree
2.4 Extraction and Characterization of Parinari curatellifolia
Oil
2.4.1 Oil Extraction
Bio-oil was extracted from dried P. curatellifolia seeds kernel using
solvent extraction method. The sample was first dried for 21-days
under room temperature and macerated into a coarse material, in
which 25 g of sample was weighed into a 250 ¢cm? beaker and 200
cm? of n-hexane was added and allowed for 72 hrs which was then
filtered and the filtrate was evaporated using Rotary evaporator. pre-
treatment of the oil by filtering to remove solid dirt content using
filter paper and dehydration to remove traces of water content present
in the oil by using a low-pressure distillation process (at 105 °C). The
produced cleaned oil was stored in a freezer for subsequent
physicochemical analysis and characterization.

2.4.2 Characterization of P. curatellifolia Seed Oil

The physicochemical properties of PCSO like; acid value, oil
content, saponification value, iodine value and percentage free fatty
acid were determined and analyzed in accordance to American
Standard Testing Method (ASTM, 1983) and American Official for
Analytical Chemistry Standard method (AOAC, 1993; AOAC,
1997).

a) Determination of oil content (yield)

The dried P. Curatellifolia seed, 20 g was weighed and subjected to
a mechanical pressing machine and pressed at different pressures
200, 250 and 300 kPa to extract the oil and the residue was equally
weighed and recorded. The pressure was gradually increased until no
more change in the residual weight was observed on the feedstock
material. The triplet experiment was taken for the maximum pressure
attained and the average value of residual weight was used in the
calculation of percentage oil content of the seeds using equation (1)
below;

% of oil content =
weight of dried seeds—weight of residual x

weight of dried seeds

b) Determination of Moisture Content
Exactly 5.42 g of the sample seeds were dried in the oven for 12 hours
at temperature of 105 °C to remove moisture and then allowed to cool
in a desiccator for 30 min. The dried seeds were reweighed again and
weighed 5.09 g. The procedures were repeated three times and the
average weights were used in the calculation of the moisture content
using Eqn. (2) in accordance to AOAC, (1995) procedures.
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% water content =
weight of seed before dried—weight of dried seeds

weight of seed before dried

X 100 — —(2)

¢) Acidic Value

Acidic value (AV) is the measure of FFA present in the oil which
correspond to the weight in millimetres of KOH required to
neutralize 1 gram of the organic acid present in the oil. Exactly 1 g
of the oil was dissolved in a solution containing 25 cm? of diethyl
ether and 13 cm? of ethanol in 250 cm? Erlenmeyer flask followed by
gently warming. The mixture was titrated using 0.1 N of KOH using
phenolphthalein as an indicator, until pale pink colour was observed.
According to AOCS (1993) procedures and the value of AV was
calculated as follows (Eqn. 3)

AV =
titre volumexgrams of NaOH in 0.1M of KOH solution
sample weight in grams

d)  Free fatty Acids (%)
The FFAs are expressed as the percentage of half of value of acidic
value and calculated according to the equation bellow;

FFA = Acidic value

(e) Saponification Value

A gram of the oil sample was dissolved in 25 c¢cm?® of ethanolic
potassium hydroxide solution made by 0.5 M in 95 % ethanol. The
solution was heated for one hour with gently stirring using magnetic
stirrer. While hot, 3 drops of phenolphthalein indicator were added,
the colour changed to pink and immediately titrated with 0.5 M HCI
until the pink colour disappears. AOCS, (1997) procedures were
adopted and the saponification value was obtained by using equation
(eqn. 5) below

_ (b—a)x grams KOH in 0.5M KOH solution
- sample weight in grams

N4

-—=(5)

Where a = volume of oil solution and b = volume of titre blank
solution

(f) Iodine Value

Several methods are available for iodine determination but the Hanus
method (Association of analytical chemists) was used in this study
for the determination of iodine value and the procedure describe by
Giwa et al. (2016) was adopted. Exactly 10 ml of the oil was placed
in 250 cm? conical flask and anhydrous chloroform was added to the
flask followed by 3 cm? of Hanus solution and the flask was covered
with flask stopper. Then the content was mixed and place in drawer
for 30 minutes after which potassium iodide solution (1 cm? of 15 %)
was added to the flask in order to wash down any iodide that might
be found on the stopper. The solution was then titrated against NaCOs3
until it becomes light yellow. The blank determination was equally
carried out under same condition (Giwa et al., 2016).

2.5 Preparation of Catalyst for Transesterification Reaction

The baking yeast was pulverized into fine powder and thoroughly
mixed with clay to homogeneity which formed the catalyst. The
catalyst was introduced into the alcohol (methanol) and stirred to
formed homogenous mixture of methoxide.
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2.5.1 Transesterification Process

(i) Experimental set up

In each reaction carried out, 25 cm? of the oil was treated with varied
amount of methanol (3 to 18 cm?) and catalyst (1 % to 6 %) in 250
cm? round bottomed flask reactor. The reactor was fitted with a reflux
condenser, water bath, thermal heating controller, digital
thermometer, magnetic stirrer, water pump and water jar. The reflux
condenser was fitted on the reactor to ensure any vapours given off
were cooled back to the reactor. Heating controller and water bath
maintain temperature of the reactor while water pump and water jar
circulate and control the water loss. The magnetic stirrer was used to
achieve a homogeneous mixture at a constant mixing speed of 3000
rpm.

(ii) Biodiesel Production Process

The PCSO was measured in 250 ¢cm® Erlenmeyer conical flask and
preheated at 105 °C for 5 min to reduce moisture content and allowed
to cool to 65 °C. Exactly 1.25 grams (5 % wt/vv of oil) of catalyst
and 9 cm® of methanol were measured into the rector and gently
stirred to allow uniform mixture. Then, 25 cm? of preheated oil at 65
°C was measured and transferred into the reactor to commence the
reaction. The reaction proceeds to completion in 2 hrs, allowed to
cooled and two distinct layers of catalyst at bottom and the product
which is the mixture of glycerol and biodiesel at the top was formed
as depicted in Fig. 2(a). The top mixture was separated, measured and
transferred into a separating funnel to cool overnight. After then, two
more distinct layers were formed composed of glycerol at the bottom
and the top layer was a mixture of Parinari curatellifolia methyl ester
(PCUME) (biodiesel) and unreacted methanol as shown in Fig. 2(b).
All the experiments were conducted in accordance with the stated
procedures at different experimental conditions and the biodiesel was
then separated from glycerol ready for purification and yield
estimation processes.

(iii) Product Purification and Yield Estimation

The biodiesel obtained after separation from glycerol need to be
purified to eliminate impurities such as excess alcohol, traces of
catalysts, glycerol and soap caused by presence of tri, di and mono-
glycerides that remain during reaction. The purification is important
in order to have quality biodiesel that will comply with specification
and acceptable in the market. Water washing is most preferred
because it is the easiest method and cheaper to apply. Before applying
water washing, excess methanol was removed using batch laboratory
vacuum distillation flask. The product was washed four times using
warm deionized water. The washed biodiesel was dried by using
anhydrous MgSO4 over night to remove water content in order to
obtain pure biodiesel. The weight of pure biodiesel was used to find
the percentage yield using the following equations.

weight of PCUME
weight of product

% yield of PCUME = x 100 — — — (6)

2.6 Characterization of the Biodiesel

The fuel properties of PCUME were determined and tested according
to ASTM testing methods for biodiesel and compared to ASTM
D6751standards limits and conventional automotive mineral diesel
(number 2 diesels). According to Graboski et al. (1996), number 2
diesel is a low sulphur diesel with 30 % aromatic content. The
properties determined include: fatty acid composition, density, pour
point, cloud point and flash point

(i) Determination of Free Fatty acid composition

Analysis of fatty acid composition in the produced biodiesel was
done by Gas Chromatography-Mass Spectrometry GCMS-2010
Shimadzu instrument Japan, at the Yobe state university Damaturu.
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ii) Flash Point Determination

The flash point of the oil was determined experimentally by heating
liquid in an instrument that contained the oil in a beaker which is
known as oil flash point detector device. A small flame was
introduced just above the oil surface and the temperature at which
the oil ignited was recorded as the flash point of the biodiesel.

iii) Pour Point Determination

The bio-oil sample was then cooled inside a cooling bath after the
flash point determination to allow the formation of crystals, and the
temperature at which the crystal was form was recorded.

iv) Cloud Point Determination

The cloud point is defined as the highest temperature at which an oil
begins to solidify. A little quantity of the bio-oil was placed in ice
bath with a fixed thermometer and the temperature at which the oil
began to condense was recorded as the cloud point of the bio-oil.

vii) Calculation of Cetane Index

Cetane Index is a calculated value used to estimate ASTM cetane
number in the absence of an engine to test the produced biodiesel.
ASTM D976-06, (2016) was the test method adopted and Cetane
Index formula was used to calculate Cetane Index (CI) value by
directly estimating the ASTM cetane number. For the distillate fuels,
the density at 15 °C and midpoint temperature (T50) is used as
variable in the developed model (Eqn. 8). The calculated value gives
a reasonably close value approximated to Cetane number. Cetane
index of PCUME was calculated using empirical equation T50;

Cl = 454.74 — 1641.416D + 774.74D? — 0.554Ts, +
97.803[log10Ts0]? — (7)

where CI is the Cetane Index number, D is the fuel density at 15 °C
=0.8915 g/ml, and T50 is the mid temperature corresponding to 50
% of distillation received = 23.42 °C.

Table 3: Bath and Sample Temperature for Cloud and Pour
Point in Testing Cabinet

Bath Sample Sample
Temperature Temperature Temperature
Setting (°C) Range, (°C) for Range, (°C) for
cloud Point pour point
0+1.5 Start to 9 —24 to —42
-18+1.5 9to—6 9to—6
-33£1.5 —6 to —24 —6 to —24
-51+1.5 —24 to —42 —24 to —42

Source: ASTM D2500-17 (2017) and ASTM D97-17B (2009).

2.7 GC-MS Characterisation of the Bio-oil,
Composition Analysis

The GC-MS analysis was carried out with Agilent 7890B gas
chromatograph coupled with an Agilent 5977A Network mass
selective detector, in a positive ion electron impact (EI) mode.
Constituent identification was achieved by comparison of the NIST
library data of the peaks with those reported in the literature.
Percentage composition of individual constituent was computed from
GC-MS peak areas. The analysis was carried out at Yobe State
University, Damaturu. The number of carbon bond, retention time,
molecular weight, molecular formula and amount yield from
PCUME as shown in Table 7.

Fatty Acid

3.0 RESULTS AND DISCUSSION

3.1 Physio-chemical Properties of the Bio-oil (PCSO)

The results of the physicochemical properties of PCSO are presented
in table four (4) and parameters such as oil content, moisture content,
iodine value, acid value, saponification value and free fatty acid
values were used to characterised the bio-oil.

Table 4: Physicochemical Properties of PCSO

Property P. curatellifolia oil

Oil content (%) 36.20
Acid value (mgKOH/g of oil) 6.67
Iodine value (gI2/100g of oil) 82.62
Saponification value (mgKOH/g of oil) 135.5
FFA (mgKOH/g) 3.33

3.2 Percentage Yield

Four litres of biodiesel was obtained from 12 kg of dry Parinari seeds
which represents a yield of 36.2 % (v/w) which was slightly less
compared to 36.75 % and 38.5 % reported from a same seed study by
Ndaba (2014) and Bazongo et al. (2014). This difference may be
attributed to soil and geographical location, species variation and
method of extraction. The P. curatellifolia seeds oil content has
qualified it as a potential favourable feedstock for biodiesel
production (Ahmad et al., 2011; Atabani ef al., 2012).

3.3 Moisture Content

The moisture content of 6.0 % PCSO was a slightly higher by weight
compared to 5.1 % reported by Oladimeji and Bello (2011) but for a
bio-oil not used for biodiesel production.

3.4 Free Faty Acid Value of the Oil

The acid value was used to determine the amount of FFA in the oil,
which was found to be 3.3 mgKOH/g which was less compared to
5.15 and 5.9 mgKOH/g reported by Oladimeji and Bello (2011) and
Bazongo et al (2014) respectively from parinari seeds oil.
According to Ghatikar (2015), the feedstock with high amount of
FFA (>1 %) are more vulnerable to soap formation, reduce the
catalyst efficiency, increases viscosity of the oil and hinder the
separation of glycerol from the mixture. All these consequences
result to reduction of biodiesel yield but heterogeneous catalyst is
preferred for bio-oil with FFA greater than 1 %, to prevent more soap
formation as the catalysts are reported to be more tolerant to higher
FFAs and help to increase the biodiesel yield (Ramadhas et al., 2005;
Marchetti et al., 2007; Berchmans et al., 2008).

3.5 GC-MS Characterisation of the Seed Oil

The representative GC-MS peaks characteristics are shown in
chromatogram (Fig. 9) and the major methyl ester compounds
extracted from the chromatogram are presented in table 5 below

[+rcsencrus D

T5 8 65 3 95 0105 1 115 12 135 15 135 1o 145 15 155 1 135 17 175 16 135 1 135 2 235 2 215 22 235 & 235 4 25 & 85 % 445 ) 215 % 45 B 845 0 5 31 415 % 405 % 895 % U5 %
o e )

Fig 9: GC-MS Chromatogram of fhe biodiesel
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Table 5: Methyl Ester Composition of the bio-oil (PCUME)

S/N  FAME
(common

name)

Retention
time

Molecular
weight

Molecular
formula Peak

Area

methyl ester as reported in similar studies by Knothe et al. (2003)
and; Knothe (2005, 2014).

Table 6: The Fuel Properties of the Bio-diesel (PCUME)

(%)
10.8

1 Hexadecanoic C17H3402 270 9.7
acid methyl
ester (palmitic
acid)

2 9,12-

Octadecadienoic

C19H3402 294 12.9 6.04

acid (Z, Z)
methyl ester
(Linoleic acid)

3 9-Octadecanoic
acid, methyl
ester, (E) —
(Oleic acid)

4 Methyl stearate
(Stearic acid)

5 Cis-11-
Eicosenoic acid,
methyl ester (cis
- vaccenate)

6 Eicosanoic acid,
methyl ester

C19H3602 296 13 21.51

C1oH3502 298 13.5

CisH3402 282 14.2 100

C20H420 298 79 4.37

Property Petrol Biodiesel PCUME
diesel (ASTM D
(ASTM 6751
D975 limits)
limits)
Density @ 15°C 850 850-880 891.5
(kg/m®)
Density @ 20°C 850 850-880 888.0
(kg/m®)
Flashpoint (°C) 60-80 130 min 172
Cloud Point (°C) -15to -5 -3to 12 9
Pour Point (°C) -35t0-15 -15t0 10 -6.1
Calorific Value 42-46 _ 393
MJ/kg)
Acid Value _ 0.5 max 0.1
(mgKOH/g)
Cetane Index 47 -65 44.4

(methyl
arachidate)

7 Docosanoic
acid, methyl
ester (methyl
behenate)

8 Tetracosanoic
acid, methyl
ester (Methyl
myristate)

CaHaa 308

Ca4Hso 338 7.9

3.6 The Fuel properties of the Biodiesel

The fuel properties of the biodiesel produced were tested according
to ASTM standard methods and compared to ASTM D6751 standard
limits as summarized in the Table 6. The results of the fuel properties
show the cloud point, pour point and acidic value to fall within the
acceptable range as prescribed in ASTM D6751 while the density
was slightly higher than the recommended limits. However, Ong et
al. (2013) reported the density of biofuel to depends on the chain
length of methyl ester and its saturation level which means, the higher
the unsaturation of methyl esters, the higher its density. This may be
responsible for the higher density of the biodiesel produced
(PCUME) and reports characterised fuels oil with high density to be
less compressible and causes poor atomization process resulting to
incomplete combustion when burned in an engine (Canakci et al.,
2001; Ong et al., 2013). This challenge can be address by enhancing
the methodology of production.

In this study, the PCUME exhibits higher flash point temperature of
about 174 °C which still fall within the range of temperatures
considered safety during storage and transportation (Canakci et al.,
2001). The minimum allowable flash point temperature limit for
biodiesel by ASTM D6751 is 130 °C for pure biodiesel but PCUME
still fall between the minimum and maximum limits. Also, the
calorific value of biodiesel (39.3 MJ/kg) was found to be slightly
lower than that of mineral diesel (42-46 MJ/kg) as in many other
reported biodiesel products (Ramadhas et al., 2005; Hulwan and
Joshi, 2011). The cetane number represented by cetane index
obtained from the distillation process was found to be (44.4) which
was considerably lesser compared to the minimum and maximum
recommended range of (47-65) for biodiesel by ASTMD6751
standard limits. The relatively lower value of cetane number may be
due high unsaturated level of methyl ester, number of double bond
and mid temperature of distillate (T50) during distillation process of

3.7 Influence of Reaction Parameters

The optimisation of the biodiesel yield was used to evaluate the
effective catalyst performance by studying the influence of reaction
conditions. Demirbag (2005) reported that, the reaction temperature,
alcohol to bio-oil molar ratio, and amount of catalyst loading are the
main factors influencing the conversion efficiency and rate of the
transesterification process. The biodiesel yield in this study was
obtained through experimental determinations by varying reaction
parameters such as the methanol to bio-oil molar ratio, reaction time
and percentage of catalyst loading while reaction temperature and
stirring speed were kept constant at 65 °C and 3000 rpm respectively.
The reaction temperature was kept at 65 °C as the temperature below
the boiling point of methanol to avoid evaporation.

3.8 Effect of Catalyst loading

The amount of catalyst loading (% wt/v) for a given reaction has
great influence in determining the product yield as excess methanol
tends to shift reaction equilibrium to the product side. The eftect of
catalyst loading on the percentage yield of the of the bio-oil is
shown in Fig. 10. Below

100

80
70
60 @
50
40 ®
30
20
10

Yield in (%)

3 4
CatalystLoad (%)
Figure 10: Effect of Catalyst Load on the Yield

The influence of catalyst concentration loading with respect to bio-
oil yield was varied from 1 % to 6 % at intervals of 1 % and the yield
was calculated using Eq. (1). The ratio of methanol to oil of 18:1 was
used while reaction time was maintained at 3 hrs, the reaction
temperature was kept at 65 °C and stirring rate was at 3000 rpm for
all reactions. The results (Fig. 10), clearly shows a direct correlation,
such that as the amount of catalyst loading increased from 1 % to 5
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%, the rate of conversion also increased up to a maximum yield of
94.7 % while above 5 % catalyst, the yield was observed to drop
drastically. This observation was similar to that reported by Kim et
al. (2004) and Nurul et al. (2017) which was attributed to high
viscosity of reaction mixture that resulted in poor diffusion of
methanol to bio-oil and catalyst in the system. Therefore, catalyst
loading of upto 5 % wt. was the maximum amount required to
achieve the maximum yield of 94.7 % understated conditions.

3.9 Effect of Molar Ratio

The effect of alcohol to bio-oil molar ratio is presented in Fig. 11
below. Alcohol to bio-oil molar ratio is also an important parameter
to considered in the process of converting triglycerides to methyl
esters. Generally, adopting the stoichiometric ratioing, three moles of
methanol or alcohol are required to convert one mole of triglyceride
during transesterification process (Lee ef al. 2009) and in the case of
heterogeneously catalysed reaction, the excess methanol helps to
improve the rate of the transesterification processes (Kim et al., 2004;
Guo et al., 2010; Issariyakul et al., 2014; Lee et al., 2014). In this
study, methanol to bio-oil molar ratio was varied in the range of 3:1,
6:1, 9:1, 12:1, 15:1 and 18:1 and its influence in triglyceride
conversion using 5 % wt. of catalyst load, 3 hrs reaction time, while
reaction temperature and stirring speed were controlled at 65 °C and
3000 rpm respectively, showed the yield to increase with increase in
the molar ratios. From the experiment, it was observed that the yield
was increasing as molar ratio increases. Thus, Methanol to bio-oil
(9:1) molar ratio gave the maximum biodiesel yield of 94.7 % and in
which additional increase in molar ratio resulted in decreasing
biodiesel yield as shown in Fig. 12. Report by Issariyakul and Dalai
(2014) shows that polarity of the reaction mixture increases as the
excess amount of alcohol increases which may causes the reverse
reaction due to increase in the solubility of the glycerol and
consequently reduces ester yield. In this study, the variation in the
methanol to bio-oil molar ratio at (9:1) with 5 % wt. of catalyst
loading, 3 hrs reaction time at 65 °C and 3000 rpm gave the
maximum biodiesel yield of 94.7 %.

94.7
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Figure 11: Effect of Methanol to Bio-oil Molar Ratio on the
Biodiesel Yield

3.10 Effect of Reaction Time

The effect of reaction time on the biodiesel yield in course of
transesterification rection is presented in Fig. 12 below. The methyl
esters yield during transesterification process was reported by Wei et
al. (2009) to increases with an increase in reaction time and also, in
a similar study by Li ef al. (2018) revealed the rate of bio-oil
conversion depends on how long the reaction takes place. The highest
reaction time allowed for the optimum production of biodiesel using
the PCSO, 5 % wt. catalyst loading and 9:1 methanol to bio-oil molar
ratio was determined in this study by varying time from 30 min to 3
hrs at an interval of 30 min under the same reaction conditions. The
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results obtained during conversion of triglyceride to methyl ester as
presented in Fig. 13. Shows an increase of yield from 33.3 % at 30
min to 92.8 % after 120 min and after which the yield deceases. This
behaviour was reported in a similar study by Leung et al. (2010),
during transesterification reaction more reaction time will lead to a
decreased in product yield caused by the backward reaction and it
also promotes soap formation. This study revealed the favourable
allowable reaction time for maximum yield of 92.8 % biodiesel from
bio-oil to be at 120 mins under stated reaction conditions.
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Figure 13: Effect of Reaction Time on Bio-diesel yield

4.0 CONCLUSION

The P. curatellifolia seeds has been proven as a potential oil
feedstock having high oil content of upto 36.2 % to be used for
suitable sustainable biodiesel production for various energy
application. The bio-oil synthesized was have high amount of acidic
value, saponification value and FFAs and heterogeneous catalyst for
was used for the transesterification process enhance conversion
process to biodiesel. solid heterogeneous catalyst was design by
direct incorporation of baking yeast with clay as catalyst for
transesterification of PCSO. The catalyst exhibited good catalytic
property, basic strength greater than 9.8 (pH>9.8), surface area of 378
m’g-la mesoporous catalyst with pore diameter 3.2 nm and
crystalline phases. The favorable operating conditions for the
production of the biodiesel were 5 % wt. catalyst loading, 120 mins
(reaction time), 9:1 (methanol to bio-oil molar ratio) and 65 °C
(reaction temperature) at 3000 rpm stirring rate and the maximum
yield of PCUME was 94.7 %. The important fuel properties were
compared to mineral diesel and global biodiesel standards such as
ASTM D6751 testing limit and shows appreciable agreements which
considered the PCSO as a potential viable feedstock for biodiesel
production in commercial scale.
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