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ABSTRACT

This paper investigates the significance of the operating conditions on the production of methyl esters from
seed oils of sweet almond (Prunus amygdalus), African star apple (Chrysophyllum albidium) and African pear
(Dyacrodes edulis). The effects of various process conditions such as catalyst amount, reaction temperature,
methanol/oil molar ratio and reaction time on biodiesel yield and its viscosity were studied. The result shows
that African pear seed oil methyl ester (APSOME), sweet almond seed oil methyl ester (SASOME) and
African star apple seed oil methyl ester (ASASOME) production is optimized at a mixing rate of 140rpm,
atmospheric pressure, temperature of 65°C, reaction time of 65 minutes, methanol to oil molar ratio of 8:1 and
catalyst concentration of 1.5wt%, 2.0wt% and 2.0wt% respectively. The alkaline methylic transesterification
gave 94.50%, 95.50% and 85.70% vyields of esters with viscosity of 2.60mm?s, 2.45mm?s and 2.40mm?%s
respectively. The physico-chemical properties of the seed oils showed improved fuel qualities upon
transesterification compared well with ASTM and EN standards. The GC-MS result showed mainly
unsaturation characteristics. A total of 37.74% saturated fatty acid (SFA), 41.42% monounsaturated fatty acid
(MUSFA) and 13.90% polyunsaturated fatty acids (PUSF) were found to be contained in SASOME.
ASASOME contains 27.71% SFA, 53.30% MUSFA and 18.99% PUSFA while APSOME contains 14.78%
SFA, 75.50% MUSFA and 6.41% PUSFA. These results attest the viability of the selected tropical seed oils in
biodiesel production.

Keywords: Transesterification variables, biodiesel yield, viscosity, sweet almond, african star apple, African
pear.

1. INTRODUCTION

Biodiesel production from a variety of vegetable oils and its merits as an alternative
renewable energy source to mineral diesel has been well reported in the literature [1-3]. Interest in
biodiesel production has mainly based on how to optimize the yield and improve its quality like
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viscosity to make it possess close specifications with mineral diesel. Atabani et al [4] has
reported that kinematic viscosity is the most important property of any fuel as it indicates the
ability of a material to flow. It therefore affects the operation of the fuel injection equipment and
spray atomization particularly at low temperature when the increase in viscosity affects the
fluidity of the fuel. The large molecular mass and chemical structure of biodiesel makes it to have
about 10-15 t imes greater viscosity than diesel fossil fuels. Some literatures thought that higher
viscosity of biodiesel can affect the volume flow and injection spray characteristics in the engine
and at low temperature. It may even compromise the mechanical integrity of the injection pump
drive system. It is therefore very imperative to consider studies in the areas of optimizing
transesterification variables as they affect not only the yield but also the viscosity of the biodiesel
as a mark of its quality. There is no specification for the biodiesel yield but the higher the yield
the more viable the feedstocks while the maximum allowable limit for viscosity according to
ASTM and EN standards is 1.9-6.0mm?%s and 3.5-5.0mm?/s respectively. At present the
homogeneous base-catalyzed transesterification with methanol (methanolysis) of vegetable oils
resulting in the corresponding fatty acid methyl ester (FAMES) is the predominant techniques
used for the industrial production of biodiesel [5]. The process of transesterification brings about
drastic change in viscosity of the vegetable oil as the high viscosity component glycerol is
removed and hence the product has low viscosity close to the liquid fossil fuels. The biodiesel
production is totally miscible with mineral diesel in any proportion. The flash point of the seed oil
is lowered after transesterification and the cetane number is improved. The general reaction of the
base catalyzed transesterification can be represented as in equation 1.

CH0COR' CH,0H R'COOR

CHOCOR HOH R"COOR

CH,O0COR" + 3ROH & rC:H(;OH + R"COOR @
Triglyceride alcohol glycerol  fatty acid alkyl ester (FAAE)

R', R", R" = long chain hydrocarbons, R = -CHz or -CH2CHz3

Reaction temperature is an important factor that affects the yield of biodiesel. Higher
temperature increases the reaction rate and shortens the reaction time due to reduction in viscosity
of oils. However, the increase in reaction temperature beyond the optimal level leads to decrease
of biodiesel vyield, because higher reaction temperature accelerates the saponification of
triglycerides [6] and affects the yield [7].

Again, one of the most important parameters affecting the yield of biodiesel is the molar ratio
of alcohol to triglycerides. Stoichiometrically, 3 moles of alcohol and 1 mole of triglycerides are
required for transesterification to yield 3 moles of fatty acid methyl/ethyl esters and 1 mole of
glycerol. In order to shift the reaction to the right it is necessary to either use excess alcohol or
remove one of the products from the reaction mixture, the second option is usually preferred for
the reaction to proceed to completion. The reaction rate is found to be highest when 100% excess
methanol is used [7]. Methanol, ethanol, propanol, butanol and amyl alcohol can be used in the
transesterification reaction but amongst these alcohols methanol is applied more frequently as its
costs is low and it is physically and chemically advantageous (polar and shortest chain alcohol)
over the other alcohols. Many investigations have reported that the molar ratio depends on the
type of catalyst and percentage of free fatty acid (FFA) of the seed oil (an acid catalyst reaction
requires higher molar ratio than alkali-catalyzed reaction to achieve the same ester and the higher
the free fatty acid the higher the molar ratio) [8].

Biodiesel formation is also affected by the amount and type of catalyst. Most commonly used
catalyst for biodiesel production is sodium hydroxide (NaOH) or potassium hydroxide (KOH) [6].
The type and amount of catalyst required in the transesterification process usually depend on the
quality of the feedstock and method applied for the transesterification process. For a purified
feedstock, any type of catalyst could be used for the transesterification process. However, for
feedstock with high moisture and free fatty acids contents, homogenous transesterification
process is suitable due to high possibility of saponification process instead of transesterification
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process to occur. The yield of fatty acid alkyl esters generally increase with increasing amount of
catalyst. This is due to availability of more active sites by additions of larger amount of catalyst
in the transesterification process. However on economic perspective, larger amount of catalyst
may not be profitable due to cost of the catalyst itself. Therefore, similar to the ratio of oil to
alcohol, optimization process is necessary to determine the optimum amount of catalyst required
in the transesterification process [9, 10]. Many research works have been carried out on the effect
of these parameters on the yield of esters from various vegetable oil sources [2]. However, some
feedstocks are yet to be investigated. It is therefore necessary to understand the optimum
conditions for respective feedstocks conversion since the standard conditions of processing them
into biodiesel is highly depended on their physico-chemical compositions which differs from
feedstock to feedstock and when the same feedstock is globally considered, geographical and
climatic conditions where the feedstocks are obtained makes them differ in quality characteristics.
African star apple is one of the indigenous wild fruit trees with enormous potentials for
establishment [11]. It belongs to the family of sapotaccea and naturally occurs in Nigeria,
Uganda, Niger Republic, Cameroon and Cote d’ivore [12]. It grows as a wild plant which has up
to 800 species and make up almost half of the order Ebernales [13] and has become a crop of
commercial value in recent times. It is an evergreen tree that grows up to 40m high and about 2m
in girth with a straight-long fluted bole with small buttress of the base [14]. It is found mainly in
the rural and urban centers in the month of December to April [15]. African Star apple is among
the under-utilized fruits in Nigeria and seed of this plant have been rarely exploited for production
of oil for commercial purposes despite the fact the seed has been reported to contain up to 25% oil
[16]. The seeds are thrown away after the consumption of its juicy pulp [15]. Only few attempts
on the extraction of oil from Chrysophyllum albidium in Africa are documented. The effect of
solvent blending on the characteristics of oil extracted has been studied, the extraction and
classification of lipid through phytochemical screening has been reported, and the extraction and
characterization of the oil at 65°Cfor 3-4 hours has equally been investigated[17-19].

Sweet almond seed is another important feedstock with potential viability. Almond plants are
included in the family Rosaceaein addition to promoideae (apples, pears), prunoideae (apricot,
cherry, peach and plum) and rosoideae(blackberry, strawberry) fruits [20]. The almond is native
to the Mediterranean climate region of the Middle East. It was spread by humans in ancient times
along the shores of Mediterranean into northern Africa and southern Europe and recently
transported to other parts of the world notably California, United States [21]. World production of
almond was 2.9 million tonnes in 2013 with United States as the largest producer of 1.8 million
tonnes [22]. The two major varieties of almonds are the bitter almond (Prunus amygdalus
“amara”) and the sweet almond (Prunus amygdalus “dulcis”) which found useful application
in culinary purposes and making of oils and flavourings respectively [23]. Almond fruit consists
of four portions: comprising the kernel or meat, middle shell, outer green shell cover or almond
hull with a thin leathery layer referred as brown meat or seed coat [24]. Sweet almond tree is
found in the south eastern and south southern part of Nigeria. They provide shades to homes,
offices and the environment. Their fruits litter the environment and are picked either by children
or disposed off as wastes and as such their use as feedstock for biodiesel production would also
serve as a waste disposal option. The extraction and characterization of the seed oil biodiesel
from sweet almond obtained from Nigeria has been investigated [20]. The study revealed that the
seed oil has an oil yield of 51.45%, acid value of 1.07mg KOH/g and fatty acid composition of
oleic acid (69.7%), linoleic acid (18.2%) and palmitic acid (9.3%). The result equally showed that
the cold flow properties were -3 and -9 for the cloud point and pour point respectively with the
specific fuel properties found to satisfy both EN 14214 and ASTM D6751 biodiesel standards.

African pear otherwise called African plum or Safou, locally called ube among the Igbos in
southern eastern part of Nigeria belongs to the family of Burseraceae and botanically known as
Dyacrodes edulis. It is indigenous fruit tree grown in humid low lands and plateau regions of
West central African and Gulf of Guinea country [25, 26]. In south eastern Nigeria, the trees are
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grown around homesteads and flowering takes place from January to April with the major fruiting
season between may and October. It is an annual fruit of about 3cm in diameter and contains a
leathery shelled stone surrounded by a pulpy pericarp of about 5mm thick. It is this portion that is
eaten either raw or cooked and the seeds discarded [27, 25]. Besides the pulp contains 48% oil
and a plantation can produce 7-8 tonnes of oil per hectare [28]. However, no much work has been
done in the use of African pear seed oil as a feedstock for biodiesel production and other
commercial purposes.

The purpose of this study is therefore to produce methylic biodiesel from the seed oils of
Sweet Almond, African Star Apple and African Pear and investigate the effect of oil/methanol
molar ratio, temperature of reaction, reaction time and catalyst concentration on the biodiesel
viscosity and yield and equally ascertain the physico-chemical parameters as well as the fatty acid
distribution of the biodiesel produced at the optimum conditions.

2. MATERIALS AND METHODS
2.1. Materials

Sodium hydroxide (99% Sigma-aldrich), potassium hydroxide (lobachemie, gmbH 85%),
methanol (Merck, Germany 99.5 % purity), carbon tetrachloride (chloroform), Wij’s solution
(iodine monochloride), potassium iodide solution and phenolphthalein (Merck Germany) were all
of analytical grade. The fresh fruits were sourced from Onitsha city in Anambra State of Nigeria.

2.2. Experimental Procedure

The fruits were washed properly and separated manually into seeds and pulp. The seeds were
sun-dried in the open for 7 days before being ground into meal using electric grinder.A known
weight (3.5kg) of the dried meal of seed was packed in a big fractionating column up to three
quarter level and n-hexane was poured well above the level of the meal in the column. It was
closed with aluminum foil and sealed with masking tape and then left for a period of 24h. The
mixture of oil and solvent was collected and filtered into a beaker. This was repeated to extract
more oil from the meal. After which the oil was recovered using rotary evaporator to distill off the
solvent. After distillation, the oil was left in the open to dry up the remaining solvent completely.
The oils were degummed to remove phosphosphides and lysophasidic acids. The oil was heated
fairly at 80°C for 30 minutes using Gallenkamp Magnetic Stirrer thermostat hot plate (Weiss
Technik England) to reduce the viscosity of the oil before using it for biodiesel production.

The catalyst was prepared by adding 2% weight of the oil of NaOH to 175ml of methanol
and stirred at 300rpm until it dissolved completely for about two minutes in the reaction vessel.

The APSO acid transesterification (esterification) was necessary because of its high FFA.
This was carried out using 50ml of methanol and 0.2ml of concentrated H2SO4 mixed together
inside a 250 ml conical Flask. The conical Flask was inserted into a water bath at 50°C. The
mixture was later added to 200ml warmed (preheated) APSO inside a 500ml conical flask and
placed on magnetic stirrer with heater, continuously stirred for 1 hour 30 minutes for the acid
transesterification to take place. The seed oils was subjected to base transesterification. The
calculated amount of NaOH (Catalyst) and methanol was added for each reaction for the
temperature and reaction time specified. The Base transesterification was carried out in a Sohxlet
extractor fitted with thermo-regulator heater and stirrer. The calculated amount of oil was
measured into the flask and was heated to the specified temperature. The Sodium methoxide was
then poured into the flask containing oil and was immediately covered. The temperature was
maintained for the specified time at constant agitation. After the base transesterification process
the biodiesel was allowed to settle for at least 24h inside a separating funnel to allow clear
separation of biodiesel from glycerin by gravity. The layer on the top is the biodiesel while the
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bottom layer is the glycerol. The Biodiesel separation was carried out by decanting as the glycerol
was drained off while the biodiesel remained. Warm distilled water at 50°C was added to the
separated biodiesel and the mixture was shaken vigorously. The water was allowed to drain
through the bottom of the separating funnel. This was carried out five times until a clear biodiesel
was obtained. Anhydrous CaCl> was added to the biodiesel and heated gently at 50°C. The
anhydrous CaClz was later separated from the biodiesel to obtain a clean dry biodiesel. The
volume of the biodiesel obtained from each sample was determined while the percentage yield of
biodiesel was calculated.

2.3. Analytical Methods

The properties of the seed oils were determined in accordance with Association of Official
Analytical Chemists [29] method (the acid value by AOAC Cab5a-40, saponification value by
AOAC 920:160; iodine value by AOAC 920:158 and peroxide value by AOAC 965.33) while the
viscosity was determined by using Oswald viscometer apparatus, the density by using density
bottle, moisture content by the Rotary Evaporator Oven (BTOV 1423), the ash content by heating
to dryness in Veisfar Muffle furnance and the refractive index by using Abbe refractometer
(Model: WAY-25, Search tech. Instruments). All the analyses carried out on the physico-chemical
parameters of the seed oils were done in triplicates and the mean values and standard deviations
were calculated and provided. The fuel properties of the synthesized biodiesel at optimum
conditions were determined by ASTM standards: the kinematic viscosity was determined by
ASTM D-445 method, the density was determined by ASTM D-1298 method, and the pour point
determination was made using ASTM D-97 methods. The flash point of the fuel was determined
as ASTM D-93, the value of cloud point was estimated according to ASTMD-2500, and Acid
value was measured following the ASTM D-664 method. Cetane number (CN) was calculated by
the equations developed by Patel [30] (Equation 2-3), while the higher heating values were
determined by using correlation applied by Sivaramakrishnan and Ravikumar [31] (Equations 4 to
7). The copper corrosion test was carried using copper strip test according to ASTM D130
method.

cl =463+ (32) - 0250V) @)
CN=CI-26 3
HHV = 0.0317p + 38.053 4
= 0.46251 + 39.450 (5)
=—0.025p + 63.776 (6)
= 0.021FP + 32.12 (1)

Where HHV- higher heating value, u-viscosity, p-density and FP-flash point, SV —
saponification value, IV-iodine value and CI — cetane index and CN — cetane humber. Equations
4,5, 6, and 7 are for vegetable oil, biodiesel based on viscosity, biodiesel based on density and
biodiesel based on flash point.

The fatty acid composition of the biodiesel samples was analyzed by gas-chromatography
coupled with mass spectrometer. The gas Chromatographic analysis was made using GCMS-
QP2010 plus, Shimadzu, Japan instrument. The GC column used was calibrated by inject ting
methyl ester standards, good separations were achieved by diluting the sample in a small amount
of ethyl acetate. The carrier gas used was hydrogen and its flow rate was regulated at
41.27ml/mins while the column lows at 1.82ml/mins. The oven temperature was set at 80°C
before ramping up at 6°C/min until 340°C.the identification of peaks was done by comparison of
their retention time and mass spectra with mass Spectra Library (NIST05s LIB.).
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A 6* factorial experimental design was used to ascertain the optimum conditions for reaction
time (45, 50, 55, 60, 65, 70 minutes), catalyst concentration (0.5, 1.0, 1.5, 2.0, 2.5, 3.0 wt%),
methanol/oil molar ratio ( 3:1, 4:1, 5:1, 6:1, 7:1, 8:1) and reaction temperature (45, 50, 55, 60, 65,
70°C). The choice of values were based on some preliminary investigations while optimization of
the transesterification variables were done by considering each of them at a time while keeping
others constant (catalyst concentration of 1.5wt%, methanol/oil molar ratio of 5:1, reaction time
of 60minutes and reaction temperature of 60°C). The mixing rate and pressure were kept constant
at 140rpm using magnetic stirrer (Moddel-124, Hp-1/8, max. speed - 4000rpm, India) and
atmospheric pressure respectively.

3. RESULTS AND DISCUSSION

The properties of the seed oils and the biodiesel at optimum conditions as obtained from this
work are shown in Table 1 and 2. The results of the biodiesel compared with ASTM D6751,
EN14214 and ASTM D975 recommended standards. The density flash point, iodine number,
cetane number, pour point, moisture content and the calorific value conform to the approved
international standards and showed improved fuel qualities upon transesterification when
compared with the parent seed oils.

Figure 1 contains the fatty acid compositions chromatogram of the methyl esters of sweet
almond, African star apple and African pear seed oils obtained using GC-MS techniques at
optimum conditions. The major fatty acids were oleic, palmitic, Stearic, linolenic and a- linoleic
for APSOME, oleic , palmitic, linolenic and eicosenic for ASASOME and oleic, a- linoleic,
palmitic, eicosenic, lignoceric, arachnidic, behenic, myristic, and y — linoleic for SASOME. It
shows that all the seed oils belong to oleic family. Other organic compounds found in the seed
oils’ methyl ester were less than 2.0% in composition.

Table 1. Physico-chemical properties of SASO, APSO and ASASO.

Results
S/n  Parameters Sweet African African
almond seed oil pear seed oil star apple seed oil

1. Oil yield (%) 60.10+£2.41 56.40+2.24 13.43+£2.60
2. Colour Golden Pale yellow Dark red

Red units 4.0+£0.25 2.10£0.13 5.4+0.56

Yellow units 40.00£6.65 31.0+5.10 55+8.55
3 Specific gravity 0.8552+0.008 0.8885+0.007 0.8346+0.005
4 Moisture content (%) 0.58+0.05 0.54+0.045 0.77+0.058
5. Refractive index 1.4472+0.008 1.4269+0.009 1.4515%0.009
6. Saponification value (mg KOH/g ) 1665.31+3.49 249.82+3.70 202.66+3.39
7 lodine value (g/100g) 36.27+0.66 51.06+0.58 38.17+0.58
8 Peroxide value (milli eq. oxy/kg) 1.48+0.02 1.88+0.03 1.60+0.02
9. Acid value (mgKOH/qg) 2.805+0.35 6.57+0.25 2.88+0.30
10.  Free fatty acid as oleic (%) 1.397+0.27 3.36+0.30 1.43+£0.29
11. Ash content (%) 1.01£0.02 1.47+0.02 1.23+0.02
12.  Dynamic viscosity (cp) 7.80+0.34 8.30+0.29 8.90+0.25
13.  Smoke point (°C) 40(2.3) 30+1.7 35+1.5
14.  Titre point (°C) 52+1.79 36+1.72 45+1.76
15.  Flash point ("C) 156+2.24 148+1.22 136+1.79
16.  Cloud point (°C) 240.12 10+0.23 -3+0.16
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Table 2. Physico-chemical analysis of SASOME, APSOME and ASASOME at optimum

conditions.

Results Standards

SASO APSO  ASASO ASTM D ASTMD DIN 14214
S/n_Parameter FAME _FAME _FAME 9751 6751
1. Biodiesel yield (%) 95.50 94.50 85.70 - - -
2. Specific gravity 0.8491 0.8517 0.8195 850 880 860-900
3. Moisture content (%) 0.02 0.031 0.026 - - -
4. Refractive index 14402 14269 1.4438 - - -
5. Acid value (mgKOH/g) 0.46 0.92 0.32 0.062 0.50 0.50
6. Free fatty acid (%) 0.23 0.46 0.16 0.31 0.25 0.25
7. lodine value (mgKOH/g) 28.02 45.06 32.86 42-46 - 120max
8. Saponification value 161.05 24251 189.03 - - -
(mgKOH/g)
9. Ash content (%) 0.10 0.10 0.10 0.01 0.02 0.02
10.Kinematic viscosity(mm?/s))  2.80 291 2.88 2.6 1.9-6.0 3.5-5.0
11.Smoke point 34 24 25 - - -
12. Fire point 40 27 36 - - -
13. Flash point 136 125 126 60-80 100-170 120
14. Cloud point -2 10 -3 -20 -3t012 -
15. Pour point -6 4 -8 -35 -15to0 -16 -
16. Calorific value (KJ/Kg) 31.17 34.42 32.83 42-46 - 35
17. Conductivity (Us/CM) 0.40 0.86 0.52 - - -
18. Cetane index 73.0 57.80 67.16 - - -
19. Cetane number 70.40 55.20 64.57 40-55 47min 51min
20. Higher heating 34.72 34.50 34.52 - - -
value(HHV)3(MJ/kg)
21. Higher heating 40.76 40.52 40.46 - - -
value(HHV)?(MJ/kg)
22. Higher heating 63.75 63.75 63.75 - - -
value(HHV)¢(MJ/kg) Class1 Classl  Class 1 - - -

0.0028  0.0028 0.0028 0.05 0.05 -

23. Copper corrosion @ 3h/50
°C
24. Sulphur content (%)
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Figure 1. GC-MS chromatogram of SASOME (A), APSOME (B) and ASASOME(C)
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Figure 2. Fatty acid composition of the seed oil methyl esters.

Figure 2 contains the distribution of the fatty acid compositions of the methyl esters. A total
of 37.74% saturated fatty acid (SFA), 41.42% monounsaturated fatty acid (MUSFA) and 13.90%
polyunsaturated fatty acids (PUSF) were found to be contained in SASOME. ASASOME
contains 27.71% saturated fatty acids, 53.30% monounsaturated fatty, acids and 18.99%

polyunsaturated fatty acids while APSOME contains

14.78% saturated fatty 75.50%

monounsaturated fatty acids and 6.41% polyunsaturated fatty acids. It implies that APSOME and
ASASOME would have less density, less viscosity, lower cetane number and heating number as
well as lower thermal efficiency and would emit lower HC and CO and smoke compared to

SASOME that is more saturated.
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Figure 3. The effect of reaction temperature on biodiesel yield.
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Figure 3 shows the effect of temperature on the biodiesel yield of the feedstocks. The reaction
rate and yield were observed to follow an increase trend until 65°C because increase in
temperature increases the energy of the reacting molecules and also improves the miscibility of
the alcoholic polar media into a non-polar oily phase which could result in much favoured
reaction. After the maximum yields obtained at 65°C as the optimum temperature the yield
decreased. These results agree with the fact that transesterification should be processed between
60 — 70°C [32]. Also at elevated temperatures, saponification reaction is favoured over
transesterification [33] because methanol vapourizes when heated beyond its boiling point of
68°C. These could equally be the reason for the decrease in yield with increase in temperature
beyond 65°C as obtained in this study. Therefore transesterification being a reversible reaction
follows Le-Chateliers principles and favours backward reaction at higher temperatures.
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¢~ ASASOME

3.55

w
]
1

osity (mm/s’)

w

I

&
1

3.35
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Reaction temperature ('C)

Figure 4. The effect of reaction temperature on viscosity.

The viscosity of the biodiesel samples increased slightly with increase in reaction temperature
(Figure 4). Since the saponification reaction is more favoured at elevated temperature, more soap
which is more viscous would be formed as the temperature increases and this could explain why
the viscosity kept on increasing with increase in temperature. However, at 65°C where there is
highest yields of 80.50%, 95.50% and 94.50% for ASAOME, SASOME and APSOME, their
viscosity of 3.42mm?/s, 3.48mm?/s and 3.55mm?/s still compares with ASTM and EN standards

100

1 |~ APSOME
o | |~ sasOME
] ASASOME

T0=

diesel yield (%)

Bio

60—
50—

40 T T

40 45 50 55 60 65 70 75 a0

Reaction time {minutes)

Figure 5. Effect of Reaction time on Biodiesel yield.
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The effects of reaction time on biodiesel yield showed maximum yield of 84.50%, 94.40%
and 92.50% for ASASOME, SASOME and APSOME respectively at 65 minutes but with
additional five minutes reaction time, 4.60%, 2.10% and 2.70% decrease in yield respectively
were observed. It was observed that the yield continued to increase with increase in reaction time
but as the product concentration increases, the equilibrium shifts backwards to nullify the effect of
this constraint because longer reaction time leads to the reduction of the end product because the
reversible reaction resulted in loss of ester as well as soap formation. This observation is
supported by previous reports in the literature [6, 9] and the trend of the result is shown in Figure

The viscosity is observed to decrease with increase in reaction time but had a slight increase
from 65minutes to 70 minutes reaction time in the case of ASASOME before it became steady
(Figure 6). Lowering the viscosity of triglycerides is one the key essence of transesterification
process. The lowest achievable kinematic viscosity were 2.0mm?/s, 2.88mm?/s and 2.91mm?/s
for ASASOME, SASOME and APSOME respectively which gave 65.30, 64.18 and 67.30
percentage decrease in the kinematic viscosities of the respective parent seed oils. Hence, it could
be asserted that as the reaction proceeds, the viscosities decrease while FAME yield increases till
65minutes, after which the reverse becomes the trend.
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Figure 6. Effect of reaction time on viscosity.
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Figure 7. Effect of catalyst concentration on biodiesel yield.

The optimum catalyst amount was found to be 1.5wt% for APSOME and 2.0wt% for both
SASOME and ASASOME. Catalyst amount lower and higher than 1.5wt% proves to have no
positive impact on the yield of APSOME. Also, catalyst concentration lower and higher than
2.0wt% shows no optimum methyl ester yield for SASOME and ASASOME. After 1.5wt% and
2.0 wt% catalyst amount, the yield starts to decrease fairly for APSOME and steeply for the other
two respectively (Figure 7). This could be due to the fact that the higher concentration of NaOH
leads to saponification of triglycerides. Also the formation of water when the catalyst is added
inhibits transesterification and favours hydrolysis [6].
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Figure 8. Effect of catalyst concentration on viscosity.

The viscosity of the produced FAME kept on decreasing until after 1.5wt% catalyst
concentration when it became almost steady for APSOME and SASOME (Figure 8). However,
for all the seed oils, the effect of catalyst concentration on viscosity became less noticeable after
1.5wt% catalyst concentration. Beyond 2.0wt% catalyst concentration, the yield decreased from
maximum values of 86.40% and 93.60% for ASASOME and SASOME respectively but
APSOME achieved its maximum yield of 86.50% with 1.5wt% catalyst concentration though at

36



Effects of Process Variables on the Yield and Viscosity ...

/ Sigma J Eng & Nat Sci 37 (1), 25-40, 2019

higher viscosity of 3.45mm?/s against 2.71mm?/s and 2.81mm?/s obtained on the case of

ASASOME and SASOME respectively.
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Figure 9. Effect of methanol/oil molar ratio in biodiesel yield

Stoichiometrically, three moles of alcohol are required for each mole of triglyceride in
transesterification. However, in practice, this is not sufficient to complete the reaction. Higher
molar ratio is needed to drive the reaction to completion at a faster rate. It was observed that ester
yield increase with increase in molar ratio but among the molar ratio studied; molar ratio 8:1 gave
the best result (Figure 9). At ratio higher than 8:1 methanol/oil molar ratio, the yield seemed to
decrease slightly. This could be because of the diminution of the catalyst concentration by large

excess of alcohol according to Liu et al [34].
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Figure 10. Effect of methanol/oil molar on viscosity.

There was no notable difference in the viscosity of the biodiesel with increase in molar ratio
(Figure 10). It is well known that the methanolysis of triglycerides is a heterogeneous biphasic
reaction constituted by an emulsion of small drops of the alcoholic phase dispose in the
continuous oily phase [35]. In the case of the methanolysis carried out here, as the volume of
alcohol increases, the concentration of the catalyst in the alcoholic phase decreases for a given
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mass of oil loaded into the reaction. It is generally accepted that the reaction starts at the liquid
interphase so it is reasonable that as the catalyst concentration decreases the oil conversion
decreases [5]. These results illustrate the importance of the excess of alcohol to preserve the
catalytically active methoxide species during methanolysis reactions catalyzed by NaOH. This
positive effect is mainly based on the shift of the hydroxide, methoxide equilibrium towards the
formation of alkoxide [5]. Saponification could be the reason of conversion reduction in higher
percentages due to presence of small amount of free fatty acids. Due to saponification in
presence of alkaline catalyst, viscosity of mixture increases, this leads to effective catalyst
concentration rate reduction in reaction and as a result conversion percentage reduced [36]. It is
observed that if the molar ratio rises above a certain level, biodiesel production will reduce. The
principal reason for this occurrence might be related to the amount of methanol increases in
mixture which leads to more dissolution of glycerin and oil in the diesel and this will considerably
influence its purity. Several studies have reported similar results about catalyst concentration
increase and molar ratio [37].

Table 3. Optimum conditions for APSO, SASO and ASASO alkaline methanolysis.

Operating conditions APSO SASO ASASO
Reaction time (mins.) 65.0 65.0 65.0
Reaction temperature (°C) 65.0 65.0 65.0
Catalyst concentrations (wt%) 1.50 2.0 2.0
Methanol : oil molar ratio 8:1 8.1 8:1
Mixing rate (rpm) 140 140 8:1
Methyl ester yield (%) 94.50 95.50 85.70
Kinematic viscosity(mm?/s) 2.60 2.45 2.40

The summary of the effects of the process variables gives an optimization criteria presented in
Table 3. It shows that the methylic transesterification of the APSO, SASO and ASASO is
optimized at a mixing rate of 140rpm and equal temperature, reaction time and methanol to oil
molar ratio. The optimized catalyst concentration of APSO was 0.5wt% lower than that of the
other two seed oils. At these conditions, the following methyl ester yields of ASASO had the
lowest methyl yield which is above 85.00% while both APSO and SASO had methyl yields above
94.00%. The result of this study is in agreement with an optimized biodiesel yield of 94.36%
obtained from sweet almond seed oil (SASO) using response surface methodology (RSM) on
central composite design (CCD) approach at catalyst concentration of 1.5wt%, reaction time of 65
minutes, oil to methanol molar ratio of 1:5 and temperature of 50°C [38]. The viscosity of all the
fatty acid methy! esters obtained were above 2.35 and below 2.65mm?/s.

4. CONCLUSION

A comprehensive study on the process optimization of Sweet Almond, African Pear and
African star apple seed oils alkali transesterification was performed. The GC-MS and physico-
chemical parameters analysis of the optimum products showed that they are composed of mainly
unsaturated methyl fatty esters and compared with the ASTM and EN norms. The influence of
some major factors which are: reaction time, reaction temperature, methanol/oil molar ratio and
catalyst concentration on the yield and viscosity of the methyl esters were observed. The African
pear seed oil with high free fatty acid was subjected to two-step transesterification to reduce the
FFA and increase its biodiesel yield. High biodiesel yields were obtained from the seed oils at low
factor values. The viscosity of the methyl esters were all within the acceptable standards that
promote fuel fluidity. This would promote low cost of production and good process control
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conditions. All these show the viability of biodiesel production using the selected tropical
feedstocks.
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