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Revised: December 23,2021 production at varying temperatures and time using melon
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Keywords soybean (Gl_ycine r]jax) seed oils. Oil was exFracted from
T Cucumeropsismannii, A. hypogea, and G. max using n-hexane
biodiesel, (67.7-69.2°C) as the solvent. Biodiesel was produced from
energy, three different seed oils at varying temperatures of 65°C,
environment, 55°C, and 45°C at varied durations of 60mins, 50mins, and
fuel properties, 40mins. The best percentage yield was obtained at 65°C for
renewable fuel the duration of 60 minutes. The transesterification process

was not complete at 40 min; however, at 50 min the process
was completed. The process also remained incomplete at
45°C.The maximum percentage yield of biodiesel obtained
through transesterification was 90.83% for G. max, 78.00%
for A. hypogea, and 77.58% for Cucumeropsismannii seed
oils. Fuel properties of biodeisels, such as kinematic
viscosity, pour point, carbon residue, cloud point, water
content, flash point, cetane index, and sulfated ash, were
examined. The flashpoint, carbon residue, kinematic
viscosity, and water content of biodiesels were within the
standard specified for petrol diesel; however, cloud point and
pour points of this product were found to be greater than that
of petrol diesel. The cetane index of biodiesels was lower
than the standard specified for petrol diesel. Additionally, the
samples were not found to contain sulfated ash. Therefore,
Cucumeropsismannii, A. hypogea), and G. max are good
sources of biodiesel production.
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1. Introduction

Energy is the most basic requirement for
human survival. According to the
International Energy Outlook 2019, global
energy consumption is expected to increase
by 50% between the years 2018 and 2050
[1, 2].At present, consumption of global
energy is heavily reliant on fossil fuels such
as crude oil, natural gas, and coal, which
account for over 80% of total consumption.
As demand for fossil fuels grows, it is
expected to reach 109.1 million barrels per
day by 2045 [3]. The use of fossil fuels has
expanded astronomically, and as a result,
their usage has a significant environmental
impact [4].

According to the analysis, based on the
current daily fossil fuel usage figures, it is
just a matter of time before the world's
fossil resources are completely exhausted
due to their depletable nature [5].The
significance of this work spurs from the fact
that biodiesel has been investigated as a
viable alternative to fossil fuels in recent
decades since it is a more sustainable way
of meeting global energy demands. Recent
developments in biotechnology has opened
the doors to investigate diverse biodiesel
sources and the work ability of the fuels
generated. Energy needs are dependent on
population, economy, and technological
advancement, all of which are essential to
the societal and economic development of
acountry [6, 7]. The two distinctive sources
of energy are renewable and non-renewable
sources. Renewable energy sources include
the sun, wind, hydro, biomass, and waste;
whereas, non-renewable energy sources
include fossil fuels [8, 9].

The growing energy needs of our society
and the ecological problems stemming
from the burning of fossil fuels draws
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attention to our need to find alternative
renewable fuels [10]. It is imperative to find
acceptable alternative fuels that could be
employed in engines to contest the steady
depletion of the world’s petroleum supplies
and decelerate the impact of environmental
contamination  from  rising  carbon
emissions from various man-made sources
[11]. The increased awareness of
greenhouse gas emissions and global
warming necessitates the implementation
of more stringent environmental legislation
around the world [12].

Biodiesel is a clean-burning, oxygenated
mono-alkyl ester fuel manufactured from
natural renewable sources, such as
new/used vegetable oil and animal fat [12].
Biofuels are fuels generated from
biological sources, such as plants, animals,
and microbes, that are biodegradable,
renewable, reasonably clean, and
environmentally safe [13]. Furthermore,
biodiesel is a sulfur-free, superior lubricant
that has significant socioeconomic benefits
[14]. Biodiesel is proven to have better
properties compared to petroleum. Due to
these factors, the use of biodiesel has
become more appealing since it can
minimize the number of carcinogens
emitted into the environment. In recent
years, the production of biodiesel has
increased. This could be due to the fact that
it is considered an acceptable alternative to
fossil fuels as more and more people and
communities are seeing the need for a
paradigm shift towards alternative and
renewable energy sources. Biodiesel can be
made from any fatty acid source; however,
in recent studies, transesterification
reactions are studied for several vegetable
oils like rapeseed [15], pomace [16],
sunflower [17], safflower [18], canola [19],
palm [20] as well as fish oil [21]. Because
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edible vegetable oils like soybean oil are
more expensive than diesel fuel, waste
vegetable oils [22-25] and non-edible
crude vegetable oils such astiger nut oil
[26] and Pongamia pinnata [27] are
intensively being investigated as possible
cost-effective biodiesel sources.

It was estimated that biodiesel made from
these feedstocks would be more cost-
effective than biodiesel made from refined
vegetable oil [28]. The process of making
biodiesel from both sources is similar [29].
Vegetable oils have been shown to have
substantial potential as a fuel for diesel
engines in short-term engine performance
testing [30,31, 28].

In one study, the effects of temperature on
biodiesel in the range of 45-60°C were
investigated, and the quantity of methyl
esters was evaluated using GC-MS. It was
noted that the reaction’s temperature has a
considerable impact on the
transesterification reaction, with the best
biodiesel conversion of waste cooking oil
occurring at 55 °C having a methyl ester
level of 81.19% [32]. Valentinoh et al., [33]
investigated biodiesel production using
beef tallow. The greatest yield of 82.43%
beef tallow methyl ester was obtained
under ideal conditions by applying a 9:1
molar ratio of methanol to beef tallow at 55
°C for 90 minutes in the presence of 3 wt%
CaO catalyst. According to Abba et
al.,[34], the greatest ester conversion of
neem seed oil was attained at a reaction
period of 40-50 minutes, a methanol oil
ratio of 6:1, a temperature of 65°C, and a
stirring speed of 350rpm.

BioScientific Review

Therefore, this article inspects and
evaluates the production of biodiesel from
edible vegetable seed oils such as melon
(Cucumeropsismannii), groundnut
(Arachis hypogea), and soybean (Glycine
max) seed oils with special emphasis on
identifying optimum temperature and time
to get the best transesterification reaction.

2.1. Sample Collection

Melon (Cucumeropsismannii), groundnut
(Arachis hypogea), and soybean (Glycine
max) seeds were collected from a
neighbourhood market in Okigwe, Imo
State. Okigwe Local Government Area
(Figure 1) is made up of twelve (12)
communities and numerous villages. It lies
between the longitudes of 7°44! and 7°26'E
and latitudes of 5°30! and 5°57N. Okigwe
LGA encompasses 360km? and has a
population of 132,237 [35]. It is bordered
on the north by Umuahia South LGA, Abia
State, on the east by Onu-imo LGA, Imo
State, on the south by Umunneochi LGA,
Abia State, and on the west by Isuikwuato
LGA, Abia State. The climate is tropical,
with annual rainfall ranging from 1800 to
2000 mm, mean temperature of 28 to 42 °C,
and relative humidity of 65%. The dry
season (November-April) and the rainy
season (May-October) are the two main
seasons in the area [36]. The samples were
appropriately identified at the Department
of Plant Science and Biotechnology, Abia
State University. The seeds were separated
from all contaminating impurities and
crushed using an electrical blender.
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Figure 1. Map of Okigwe, Imo State
2.2. Extraction of Qil

The crushed seeds were sun-dried for three
days and weighed. The crushed samples
were separately put into a porous thimble
and were properly covered with cotton
wool. The thimble and its contents were
inserted into the tube of reflux extractor
connected to a round bottom flask
containing 400 ml of n-hexane. The oil was
extracted from the seeds using the Soxhlet
extraction technique and the American Qil
Chemists Society method [37]. n-hexane
(67.7°C—69.2°C) was utilized as the
extraction solvent.

2.3. Preparation of Methyl Ester
(Biodiesel)

To remove any remaining water molecules,
the extracted oil was filtered and heated to
around 65°C for 60 minutes. The
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temperature of the measured sample of oil
was maintained at 65°C to make sure that
solid fats melted if present. Sodium
methoxide solution was freshly prepared by
the addition of a preset amount of methanol
(28.39%) by weight of oil, with (100%) by
weight of methanol in a container. Methyl
ester (biodiesel) was produced using a
modified method reported by Refaat et al.
[4]. The transesterification process was
examined at constant catalyst loading (1%
of NaOH) and constant alcohol-to-oil molar
ratio (6:1) at three reaction temperatures
(45°C, 55°C, and 65°C) and three reaction
time intervals (40mins, 50mins, and
60mins).

2.4. Analysis of the Samples

The extracted samples were analyzed to
identify the properties of primary fuel such
as flash point, carbon residue, pour point,

Department of Life Sciences
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kinematic viscosity, total acid number (acid
value), sulfated ash, moisture content, and
cetane index. The flashpoint was
determined by the American Standard Test
Method (ASTM No. D92) [38]. Carbon
residue was determined by ASTM D6271
[39]. The other parameters were
determined as follows: Pour Point (ASTM
D751) [40], Kinematic Viscosity (ASTM
D445) [41], Sulphated ash (ASTM D874)
[42], Moisture content (ASTM D6751)
[43], and Cetane index (ASTM D4737)

[44].
3. Results

The percentage yield of biodiesel from the
oil extracted was calculated using the
equation below.

Percentage yield = (Vol. of oil used/Vol. of
biodiesel produced) x100 (1.0)

Figure 2 depicts the percentage yield of
biodiesel. The maximum percentage yield
of biodiesel obtained was 90.83% for
Glycine max, 78.00% for Arachis hypogea,
and 77.58% for Cucumeropsismannii seed
oils. These findingscompare favourably
with thepercentage vyield of biodiesel

obtained from waste vegetable oil [4]. This
means that Glycine max gave a higher yield
than waste vegetable oil, followed by
Arachis hypogea and Cucumeropsismannii
seed oils, respectively.

The summary of the experiment is shown
in Table 1. Sodium hydroxide was used as
the catalyst at a catalyst loading of 1%
wt/wt. Refaat et. al reported an elevated
percentage yield for a catalyst loading of
1% when compared to a catalyst loading of
0.5%[4].1t has been reported that potassium
hydroxide was used as a catalyst to produce
biodiesel with the finest characteristics [45-
48], but several other studies achieved
better results using sodium hydroxide [49-
52]. Catalyst loading greater than 1% has
been reported to favour backward reactions
[48]. The alcohol-to-0il molar ratio is
another crucial determinant in methyl ester
production. In this study, a molar ratio of
6:1 was used which has been used in other
studies [47, 48, 49, 53]. Other alcohol-to-
oil molar ratios have also been reported
such as (3:1) and (9:1) [4]; 10:1 [45, 50].

92
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74
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70

Yield (%)

mannii

Cucumeropsis Arachis hypogea Glycine max

Type of oil

Figure 2. Comparison of yield (%) of the different types of oil
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Table 1. Summary of Experimental Results

Catalyst' Alcohol/oil Reaction Regction \_/oI: of percentage
Run Feedstock Catalyst concentration ratio Temperature tlr_ne biodiesel yield
(%) wt (°C) (mins) (ml)
1 Cucumeropsismannii NaOH 1 6:1 65 40 76.8 64.00
1 Cucumeropsismannii NaOH 1 6:1 65 50 85.2 71.00
1 Cucumeropsismannii NaOH 1 6:1 65 60 93.1 77.58
1 Cucumeropsismannii NaOH 1 6:1 45 60 76.8 64.00
1 Cucumeropsismannii NaOH 1 6:1 55 60 924 77.00
1 Cucumeropsismannii NaOH 1 6:1 65 60 93.1 77.58
1  Arachishypogea  NaOH 1 6:1 65 40 85.2 71.00
1 Arachis hypogea  NaOH 1 6:1 65 50 90.1 75.08
1 Arachis hypogea  NaOH 1 6:1 65 60 93.6 78.00
1 Arachis hypogea  NaOH 1 6:1 45 60 84.1 70.08
1 Arachis hypogea  NaOH 1 6:1 55 60 87.6 73.00
1  Arachishypogea  NaOH 1 6:1 65 60 93.6 78.00
1 Glycine max NaOH 1 6:1 65 40 99.6 83.00
1 Glycine max NaOH 1 6:1 65 50 106.8 89.00
1 Glycine max NaOH 1 6:1 65 60 109.2 90.83
1 Glycine max NaOH 1 6:1 45 60 99.1 82.58
1 Glycine max NaOH 1 6:1 55 60 103.8 86.50
1 Glycine max NaOH 1 6:1 65 60 109.2 90.83

3.1. Effect of Temperature

The influence of temperature and time on
the transesterification of the three feedstock
kinds was investigated. Figure 3 shows the
effect of temperature on biodiesel vyield.
The most favourable temperature was
65°C; however, the transesterification
process was not complete at 45°C. The rise
in temperature from 45°C to 55°C improved
the yield from 64.00% to 77.00% for
Cucumeropsismannii, from 70.08% to
73.00% for Arachis hypogea, and from
82.58% to 86.50% for Glycine max. When
the temperature was increased from 55°C to
65°C, it increased the yield from 77.00% to
77.58% for Cucumeropsismannii; from
73.00% to 78.00% for Arachis hypogea,

76

and from 86.50% to 90.83% for Glycine
max. The increase in yield with an increase
in temperature has also been previously
reported [4]. In contrast to this finding,
several researchers claim that the
temperature did not affect the ultimate ester
conversion. Higher temperatures, on the
other hand, reduce the time it takes to reach
maximal conversion [29].
Transesterification is a relatively slow
process since this reaction can only take
place in the interfacial region between the
liquids, and because fats and alcohols are
not miscible. For this reason, intensive
mixing is required to enhance the contact
region between the two immiscible liquids

[51].
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Figure 3. Effect of Temperature (°C) on yield of biodiesel

3.2. Effect of Time

The effect of time on biodiesel yield is
shown in Figure 4. The optimum time for
the transesterification reaction was 60 min;
however, the process was not complete at
40 min. The transesterification process was
completed at 50 min with a percentage
yield of 71.00% for Cucumeropsismannii,
75.08% for Arachis hypogea, and 89.00%
for Glycine max. When the time was
increased from 50 min to 60 min, the yield

increased to 77.58% for
Cucumeropsismannii, 78.00% for Arachis
hypogea, and 90.83% for Glycine max.
Refaat et al., [4] reported that the optimum
time for the transesterification process was
lhr. They also stated that raising the
reaction time to 3 hours resulted in no
discernible increase in yield. According to
the findings, the best yield percentage was
obtained utilizing a 6:1 methanol/oil molar
ratio, with sodium hydroxide as catalyst
(1%) at 65°C temperature for one hour.

100.00 4
90.00 1
80.00 1
70.00 1
60.00 -
50.00 {
40.00 1
30.00 1
20.00 1
10.00 1

0.00 +

Yield (%)

mannii

Cucumeropsis Arachis hypogea

Type of oil

Glycine max

|I 40 mins @ 50 mins O 60 mins

Figure 4. Effect of time (mins) on biodiesel yield
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Table 2. Comparative Properties of Biodiesel from Melon (Cucumeropsis Mannii),
Groundnut (Arachis hypogea) and Soya been (Glycine Max) Seed Oils

Flash  Kinematic  Pour Water
Feedstock point Viscosity  Point %I(;)IL;? Content g:srit(;%r; Su'XQﬁtEd C“e1tdaer:(e
(°C) mm?/S (°C) (%)
CucumeropsisMannii @ 147 4.0 14 -7 0.5 0.89 Nil 24.11
40mins
CucumeropsisMannii @ 144 3.3 14 -7 0.4 0.88 Nil 2411
50mins
CucumeropsisMannii @ 140 29 12 -6 0.3 0.79 Nil 23.01
60mins
CucumeropsisMannii@ 146 4.1 14 -7 0.4 0.88 Nil 23.99
45°C
CucumeropsisMannii @ 144 35 13 -7 0.4 0.88 Nil 2411
55°C
CucumeropsisMannii @ 140 2.9 12 -6 0.3 0.79 Nil 23.01
65°C
Arachis hypogea @ 147 41 13 -8 0.6 0.52 Nil 23.62
40mins
Arachis hypogea @ 144 35 11 -9 0.6 0.42 Nil 23.62
50mins
Arachis hypogea @ 142 3.0 11 -7 0.4 0.39 Nil 20.65
60mins
Arachis hypogea @ 45°C 147 4.2 13 -9 0.6 0.53 Nil 23.62
Arachis hypogea @ 55°C 144 35 11 -9 0.6 0.42 Nil 23.62
Arachis hypogea @ 65°C 142 3.0 11 -7 0.4 0.39 Nil 20.65
Glycine max @ 40mins 146 3.6 16 -9 0.2 0.81 Nil 24.22
Glycine max @ 50mins 143 33 14 -9 0.2 0.81 Nil 23.58
Glycine max @ 60mins 138 2.6 09 -7 0.1 0.77 Nil 22.04
Glycine max @ 45°C 147 3.6 16 -9 0.2 0.81 Nil 24.22
Glycine max @ 55°C 143 35 13 -9 0.2 0.81 Nil 23.58
Glycine max @ 65°C 138 2.6 09 -7 0.1 0.77 Nil 22.04
4. Discussion The viscosity difference between the

Laboratory investigations were carried out
to ascertain the qualities and features of
biodiesel produced from melon
(Cucumeropsismannii), groundnut
(Arachis hypogea), and soybean (Glycine
max) seed oils. The results are shown
in Table 2. Standard viscosities stipulated
by ASTM D445 are within 1.6-5.5mm?/s.
The results showed that all samples met the
standard condition, indicating that they are
viscous enough to generate genuine spray
throughout the combustion chamber
and would be adequately mixed with air
[54]. All of the samples were classified as
4-D diesel fuel. The viscosity difference
gives rise to the concept of viscometry, an
analytical method for determining the
conversion of edible fat to methyl ester[4].

78

componential triacylglycerols of vegetable
oils and the methyl esters produced by
transesterification is about one digit [55].
Kinematic viscosity (1.9-6.0mm?/s in EN
14214) has been incorporated into biodiesel
specifications [56]. The obtained kinematic
viscosities for all the samples ranged from
2.6mm?/ to 4.2mm?/s and this conforms to
the ASTM D6751 standard. These
kinematic viscosity values also denote
satisfactory completion of the
transesterification process [4].

The flashpoint of the samples ranged from
138°C to 147°C. This shows that the
samples could be stored with no fire or
explosion risk. The cloud point ranged from
-6 to -9 and is greater than that of petroleum
diesel, meaning that at low temperatures, it

Department of Life Sciences

Volume 3 Issue 4, 2021



Onyenze et al.

will form wax crystals. The pour point of
the samples ranged from 9°C to 16°C. This
conforms to the Malaysian B100 standard
for biodiesel [12]. The pour point of all the
samples is greater than that of petroleum
dieselsince, at lower temperatures,
biodiesels become a gel that cannot be
pumped. The moisture content ranged from
0.1% to 0.6% for the biodiesel samples.
The carbon residue ranged from 0.39 to
0.89 for all the biodiesel samples. All the
samples contained no sulfated ash. The
cetane index of the biodiesel sample ranged
from 20.65 to 24.22. Cetane numbers are
frequently estimated using the determined
cetane index (ASTM D976 or D4737). The
cetane number of diesel fuels is
proportional to the length of the
hydrocarbon chain [54].

Although biodiesel has been reported to
have better lubricity characteristics as
compared to diesel fuel [55]; the wear of
various important parts of the engine
appears to be higher during the test fuel
application [56]. The lubricity issue is
important since the introduction of low
sulfur petrodiesel fuels, and more recently,
ultra-low-sulfur diesel (ULSD) fuels, as
mandated by regulations, has resulted in the
failure of engine parts such as fuel pumps
and injectors, which are lubricated by the
fuel itself [53]. Hence, the biodiesels that
blend with petrodiesel are highly
recommended. The tribological issues
associated with the utilization of biodiesels
and also the biofuel standards and
regulations are reported in [12].

5. Conclusion

Due to the declining global petroleum
reserves, strict emission requirements, and
climate change policies, research into
alternative energy sources has grown in

BioScientific Review

importance. According to the findings of
the study, edible vegetable oils such as
melon (Cucumeropsismannii), groundnut
(Arachis hypogea), and soybean (Glycine
Max) seed oils are good alternatives to
petrodiesel. The best percentage yield was
achieved using 1% sodium hydroxide as a
catalyst with a 6:1 methanol/oil molar ratio
at 65°C.The optimum time for the
transesterification reaction was 60 min. The
maximum percentage Yyield of biodiesel
was obtained at90.83% for Glycine max,
78.00% for Arachis hypogea, and 77.58%
for Cucumeropsismannii seed oils. It was
determined that the temperature and time of
reaction affected the percentage yield of
biodiesel. Glycine max gave a better yield
than waste vegetable oil, followed by
Arachis hypogea and Cucumeropsismannii,
respectively. It was evident from the data
that the fuel produced met all the necessary
biodiesel fuel standards.

Conflict of Interest
The authors declare no conflict of interest.

References

[1] Soliman MN, Guen FZ, Ahmed SA
Saleem H, Khalil MJ, Zaidi SJ. Energy
consumption and  environmental
impact assessment of desalination
plants and brine disposal strategies.
Process SafEnviron Prot.2021;147:
589-608.
https://doi.org/10.1016/j.psep.2020.12
.038

[2] Chong CT, Loe TY, Wong KY.
Biodiesel sustainability: The global
impact of potential  biodiesel
production on the energy—water—food
(EWF) nexus. Environ Technol Innov.
2021;22:101408.

Volume 3 Issue 4, 2021

[BSR— 7

TS onlilic Revicw


https://doi.org/10.1016/j.psep.2020.12.038
https://doi.org/10.1016/j.psep.2020.12.038

Optimum Time and Temperature for Biodiesel ...

[3] Supriyanto E, Sentanuhady J,
Dwiputra A, Permana A, Muflikhun
MA. The Recent Progress of Natural
Sources and Manufacturing Process of
Biodiesel: A Review. Sustainability.
2021;13(10):5599.
https://doi.org/10.3390/su13105599

[4] Refaat AA, Attia NK, Sibak HA, El
Sheltawy ST, EIDiwani GI. Production
optimization and quality assessment of
biodiesel from waste vegetable oil. Int
J Environ Sci Tech. 2008;5(1):75-82.

[5] Luque R, Clark J, editors. Handbook of
biofuels production: Processes and
technologies. Elsevier; 2010.

[6] de Oliveira Matias JC, Devezas TC.
Consumption dynamics of primary-
energy sources: The century of
alternative energies. Appl Energy.
2007;84(7-8):763-70. https://doi.org/
10.1016/j.apenergy.2007.01.007

[7] Panjeshahi MH, Ataei A. Application
of an environmentally optimum
cooling water system design in water
and energy conservation. Int J Environ
Sci Tech. 2008;5(2):251-262.

[8] Ulutas BH. Determination of the
appropriate energy policy for Turkey.
Energy. 2005;30(7):1146-61.
https://doi.org/10.1016/j.energy.2004.
08.009

[9] Aksoy F. The effect of opium poppy
oil diesel fuel mixture on engine
performance and emissions. Int J
Environ Sci Tech. 2011;8(1):57-62.

[10] Onyenze U, Igwe JC, Sonde CU, Udo
PE, Ogwuda UA. Effect of Time and
Temperature on Biodiesel Production
using Melon (Cucumeropsismannii),
Groundnut (Arachis hypogea) and

80

Soybean (Glycine max). BioScientific
Rev. 2021;3(4):22-26. https://doi.org/
10.32350/BSR.0304.07

[11] Cerik Y, Bulut C, Karabekta M, Ergen
G.The effects of supplementary air
application on the performance of a
diesel engine fuelled with biodiesel
produced from waste vegetable oil.
Int. Combust. Symposium. Sakarya,
Turkey, 2008; 9-10.

[12] Tandon A, Kumar A, Mondal P, Vijay
P, Bhangale UD, Tyagi D. Tribological
issues related to the use of biofuels: a
new environmental challenge. British J
Environ Climate Change.
2011;1(2):28-35.

[13] Vogel CF, Kado SY, Kobayashi R, et
al. Inflammatory marker and aryl
hydrocarbon receptor-dependent
responses in human macrophages
exposed to emissions from biodiesel
fuels. Chemosphere. 2019;220:993-
1002.
https://doi.org/10.1016/j.chemosphere
.2018.12.178

[14]Bombo K, Lekgoba T, Azeez O,
Muzenda E. The Sustainability of
Biodiesel Synthesis from Different
Feedstocks: A Review. Petroleum
Coal. 2021;63(2):284-291

[15]Jeong GT, Park DH. Batch (one-and
two-stage) production of biodiesel fuel
from rapeseed oil. InTwenty-seventh
symposium on biotechnology for fuels
and chemicals 2006 (pp. 668-679).
Humana Press.

[16] Caynak S, Guru M, Bicer A, Keskin A,
Ycingur Y. Biodiesel production from
pomace oil and improvement of its

Department of Life Sciences

Volume 3 Issue 4, 2021


https://doi.org/10.3390/su13105599
https://doi.org/%2010.1016/j.apenergy.2007.01.007
https://doi.org/%2010.1016/j.apenergy.2007.01.007
https://doi.org/10.1016/j.energy.2004.08.009
https://doi.org/10.1016/j.energy.2004.08.009
https://doi.org/%2010.32350/BSR.0304.07
https://doi.org/%2010.32350/BSR.0304.07
https://doi.org/10.1016/j.chemosphere.2018.12.178
https://doi.org/10.1016/j.chemosphere.2018.12.178

Onyenze et al.

properties with synthetic manganese
additive. Fuel. 2009;88(3):34-538.

[17] Vicente G, Martinez M, Aracil J.
Integrated biodiesel production: a
comparison of different homogenous
catalysts systems, Bioresource Tech.
2004;92(3):297-305.

[18]Meka PK, Tripathi V,Singh RP.
Synthesis of biodiesel fuel from
safflower oil using various reaction
parameters.J Oleo Sci.2007;56(1):9-12

[19] Singh ABH, Thompson J, Van Gerpen
J. Process optimization of biodiesel
production using different alkaline
catalysts.Appl Eng Agric.
2006;22(4):597-600.

[20] Darnoko D, Cheryman M. Kinetic of
palm oil transesterification in a batch
reactor. J Am  Oil Chem
S0c.2000;77(12):1263-1267.

[21]EI-Mashad HM, Zhang R, Avena-
Bustillos RJ. Biodiesel production
from fish oil. In2006 ASAE Annual
Meeting 2006 (p. 1). American Society

of Agricultural and Biological
Engineers.
[22]Dorado MP, Ballesteros E, De

Almeida JA, Schellert C, Lohrlein HP,
Krause R. Transesterification of
karanja (Pongamia pinnata) oil by
solid basic catalysts. Am Soc Agri Biol
Eng. 2002;45:525-9.

[23] Cetinkaya M, Karaosmanolu F.
Optimization  of  base-catalyzed
transesterification reaction of used
cooking oil. Energ. Fuel2004;18(6):
1888-1895.

[24] Encinar JM, Gonzalez JF, Rodriguez-
Reinares A. Biodiesel from used frying

BioScientific Review

oil. Variables affecting the yields and
characteristics of the biodiesel. Indus
Eng Chem Res. 2005;44(15):5491-9.
https://doi.org/10.1021/ie040214f

[25] Felizardo P, Correia MJ, Raposo |,
Mendes JF, Berkemeier R, Bordado
JM. Production of biodiesel from
waste frying oils. Waste Manag.
2006;26(5):487-94.
https://doi.org/10.1016/j.wasman.200
5.02.025

[26] Ugheoke BI, Patrick DO, Kefas HM,
Onche EO. Determination of optimal
catalyst concentration for maximum
biodiesel vyield from tiger nut
(Cyperusesculentus) oil.Leonardo J
Sci.2007;10:131-136.

[27] Karmee SK, Chadha A. Preparation of
biodiesel from crude oil of
Pongamiapinnata. Bioresource Tech.
2005;96(13):1425-1429.
https://doi.org/10.1016/j.biortech.200
4.12.011

[28] Refaat AA. Different techniques for
the production of biodiesel from waste
vegetable oil.Int J Environ Sci Tech.
2010;7(1):183-213.

[29] Pinto AC, Guarieiro LL, Rezende MJ.
A. Biodiesel: An overview. J Brazil
Chem Soc. 2005;16(6B):1313-1330.

[30] Kalam M, Masjuki HH. Emissions and
deposit characteristics of a small diesel
engine when operated on preheated
crude palm oil. Biomass Bioener.
2004;27(3):289-97.
https://doi.org/10.1016/j.biombioe.20
04.01.009

[31]Huzayyin AS, Bawady AH, Rady MA,
Dawood A. Experimental evaluation
of Diesel engine performance and

Volume 3 Issue 4, 2021

[BSR—=

TS onlilic Revicw


https://doi.org/10.1021/ie040214f
https://doi.org/10.1016/j.wasman.2005.02.025
https://doi.org/10.1016/j.wasman.2005.02.025
https://doi.org/10.1016/j.biortech.2004.12.011
https://doi.org/10.1016/j.biortech.2004.12.011
https://doi.org/10.1016/j.biombioe.2004.01.009
https://doi.org/10.1016/j.biombioe.2004.01.009

Optimum Time and Temperature for Biodiesel ...

emission using blends of jojoba oil and
diesel fuels. Energ Convers Manage.
2004;45(13-14):2093-2112.

[32] Istiningrum  RB,  Aprianto T,
Pamungkas FLU. Effect of Reaction
Temperature on Biodiesel Production
from Waste Cooking Oil Using Lipase
as Biocatalyst. AIP Conference
Proceedings 1911.

[33] Cuaca V. Effect of Reaction Time and
Molar Ratio of Alcohol to Beef
Tallow. InSriwijaya International
Seminar on Energy-Environmental
Science and Technology 2014 (Vol. 1,
No. 1, pp. 48-53).

[34] Abba EC, Nwakuba NR, Obasi SN,
Enem JI. Effect of reaction time on the
yield of biodiesel from Neem Seed QOil.
Am J Energy Sci. 2017;4(2):5-9.

[35] National ~ Population  Commission
(NPC, 2006). National Population
Census Figure. Abuja, Nigeria.

[36] Ume SI, Ezeano CI, Gbughemobi BO.
Analysis of the Environmental Effect
of Pig Production in Okigwe Local
Government Area of Imo State,

Nigeria. Int J Environ Agri Res.
2018;4:1028-40.

[37]American Oil Chemists Society
(AOCS).Official method, sampling

and analysis of commercial fats and
oils. Official methods of analysis of
American Oil Chemists Society. 1960;
pp. 801-855.

[38] American Society for Testing and
Materials (ASTM). American Society
for Testing and Materials, Standard
specification for Biodiesel fuel (B100)
Blend stock for Distillate Fuels,
Designation.  D6751-02, ASTM

82

International, West Conshohocken,

PA. 2002.

[39] American Society for Testing and
Materials (ASTM). Annual book of
ASTM standardsvol. 01:02. Standard
test method for Ramsboth carbon
residue of petroleum products 2001;
pp. 149-153.

[40] American Society for Testing and
Materials (ASTM). Annual book of
ASTM standards vol. 02:03. Standard
test method for pour point of petroleum
products. 2006; pp. 34-40.

[41] American Society for testing and
materials (ASTM). Annual book of
ASTM standards vol. 04:05 standard
test method for kinematic viscosity of
transparent and opaque liquids. 1993;
pp. 37-42.

[42] American Society for Testing and
Materials (ASTM) Annual book of
ASTM standards vol. 05:03. Standard
test method for sulphated ash from
lubricating oils and additives 1994; pp.
4430-4431.

[43] American Society for Testing and
Materials (ASTM) 2002. Annual book
of ASTM standards vol.03:04 standard
test methods for flash point of
petroleum product. By Cleveland open
flash point. 2002; pp 94-110.

[44] Pischinger GH, Falcon AM. Biodiesel
cetane number Engine testing
comparison to calculated cetane index
number. Final report to the material
Biodiesel Board. 1993; pp. 755.

[45] Dorado MP, Ballesteros E, Lépez FJ,
Mittelbach M. Optimization of alkali-
catalyzed transesterification of
Brassica C arinata oil for biodiesel

Department of Life Sciences

Volume 3 Issue 4, 2021



Onyenze et al.

production. Fuel.

2004;18(1):77-83.

[46] Cheng SF, Chow YM, Ma AN, Chuah
CH. Kinetics study on
transesterification of palm oil. J Oil
Palm Res. 2004;16(2):19-29.

[47]Encinar JM, Juan F, Gonzalez JF,
Rodriguez-Reinares A. Ethanolysis of
used frying oils: Biodiesel preparation
and characterization, Fuel Proc Tech.
2007;88:513-522

[48] Ozsezen AN, Canakcy M, Turkcan A,
Sayyn C. Performance and combustion
characteristics of a DI diesel engine
fueled with waste palm oil and canola
oil methyl esters.Fuel.2009;88(4):629-
636

[49] Ajiwe VI, Ndukwe GI, Anyadiegwu
IE. Vegetable diesel fuels from Luffa
cylindrica oil, its methylester and
ester-diesel blends. Chem Class J.
2005;2(2):1-4.

[50]Knothe G, Krahl J, Van Gerpen J,
editors. The Biodiesel Handbook.
Elsevier; 2015.

[51]Singh AK, Fernando S. Catalyzed
fasttransesterification of soybean oil
using ultrasonication. InAmerican
Society of Agricultural Engineers,
ASAE Annual Meeting, Paper 2006 Jul
9 (Vol. 66220).

[52]Balko B, Dobek TK, Koniuszy A.
Evaluation of vegetable and petroleum
based diesel fuels in the aspect of
lubricity in steel-aluminum
association. J  Int  Agrophys.
2008;22:31-34.

[53] Knothe G,Steidley KR. Lubricity of
components  of  biodiesel and

Energy

BioScientific Review

petrodiesel. The origin of biodiesel
lubricity. Energy Fuel 2005;19:1192-
1200.

[54] Oniya OO, Bamgboye Al. Production
of biodiesel from groundnut (Arachis
hypogea, L.) oil. Agric Eng Int: CIGR
J. 2014;16(1):143-50.

[55] Knothe G. Analytical methods used in
the production and fuel quality
assessment of biodiesel. Trans ASAE.
2001;44(2):193.

[56]Ahmad M, Ahmed S, Ul-Hassan F,
Arshad M, Khan MA, Zafar M,
Sultana S. Base catalyzed
transesterification of sunflower oil
biodiesel.  African J  Biotech.
2010;9(50):8630-5.

Volume 3 Issue 4, 2021

[BSR—e

TS onlilic Revicw



Research Article

Optimum Time and Temperature for Biodiesel Production using
Melon (Cucumeropsismannii), Groundnut (Arachis hypogea), and
Soybean (Glycine max)

Ugochukwu Onyenze'*, Jude Chibuzo Igwe? Christopher Uchechukwu Sonde®, Philip
Edidiong Udo?, Uche Anthony Ogwuda?, Otuokere Ifeanyi Edozie*

!Department of Pure and Applied Chemistry, Veritas University, Abuja, Nigeria
2Department of Pure & Industrial Chemistry, Abia State University, Uturu, Abia State
Nigeria

3Department of Chemistry/ Biochemistry/ Molecular Biology, Alex Ekwueme Federal
University Ndufu-Alike, Ikwo, Abakaliki,Ebonyi State, Nigeria

“Department of Chemistry, Michael Okpara University of Agriculture, Umudike,
Umuahia, Abia State, Nigeria

*Corresponding Author: onyenzeu@veritas.edu.ng, mrbunonyenze@gmail.com

Article Info Abstract

Received: November 25,2021 This study investigated the optimum condition for biodiesel
Revised: December 23, 2021 : : : P
; production at varying temperatures and time using melon
Accepted: December 31, 2021 . .. .
(Cucumeropsismannii), groundnut (Arachis hypogea), and

Keywords soybean (Glycine max) seed oils. Oil was extracted from
Cucumeropsismannii, A. hypogea, and G. max using n-hexane
(67.7-69.2°C) as the solvent. Biodiesel was produced from three
different seed oils at varying temperatures of 65°C, 55°C, and 45°C
at varied durations of 60mins, 50mins, and 40mins. The best
percentage yield was obtained at 65°C for the duration of 60
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environment,
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minutes. The transesterification process was not complete at 40
min; however, at 50 min the process was completed. The process
also remained incomplete at 45°C.The maximum percentage yield
of biodiesel obtained through transesterification was 90.83% for
G. max, 78.00% for A. hypogea, and 77.58% for
Cucumeropsismannii seed oils. Fuel properties of biodiesels, such
as kinematic viscosity, pour point, carbon residue, cloud point,
water content, flash point, cetane index, and sulfated ash, were
examined. The flashpoint, carbon residue, kinematic viscosity,
and water content of biodiesels were within the standard specified
for petrol diesel; however, cloud point and pour points of this
product were found to be greater than that of petrol diesel. The
cetane index of biodiesels was lower than the standard specified
for petrol diesel. Additionally, the samples were not found to
contain sulfated ash. Therefore, melon (Cucumeropsismannii),
groundnut (A. hypogea), and soybean (G. max) are good sources
of biodiesel production.
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1. Introduction

Energy is the most basic requirement for
human survival. According to the
International Energy Outlook 2019, global
energy consumption is expected to increase
by 50% between the years 2018 and 2050
[1, 2].At present, consumption of global
energy is heavily reliant on fossil fuels such
as crude oil, natural gas, and coal, which
account for over 80% of total consumption.
As demand for fossil fuels grows, it is
expected to reach 109.1 million barrels per
day by 2045 [3]. The use of fossil fuels has
expanded astronomically, and as a result,
their usage has a significant environmental
impact [4].

According to the analysis, based on the
current daily fossil fuel usage figures, it is
just a matter of time before the world's
fossil resources are completely exhausted
due to their depletable nature [5].The
significance of this work spurs from the fact
that biodiesel has been investigated as a
viable alternative to fossil fuels in recent
decades since it is a more sustainable way
of meeting global energy demands. Recent
developments in biotechnology has opened
the doors to investigate diverse biodiesel
sources and the work ability of the fuels
generated. Energy needs are dependent on
population, economy, and technological
advancement, all of which are essential to
the societal and economic development of
acountry [6, 7]. The two distinctive sources
of energy are renewable and non-renewable
sources. Renewable energy sources include
the sun, wind, hydro, biomass, and waste;
whereas, non-renewable energy sources
include fossil fuels [8, 9].

The growing energy needs of our society
and the ecological problems stemming
from the burning of fossil fuels draws

attention to our need to find alternative
renewable fuels [10]. It is imperative to find
acceptable alternative fuels that could be
employed in engines to contest the steady
depletion of the world’s petroleum supplies
and decelerate the impact of environmental
contamination  from  rising  carbon
emissions from various man-made sources
[11]. The increased awareness of
greenhouse gas emissions and global
warming necessitates the implementation
of more stringent environmental legislation
around the world [12].

Biodiesel is a clean-burning, oxygenated
mono-alkyl ester fuel manufactured from
natural renewable sources, such as
new/used vegetable oil and animal fat [12].
Biofuels are fuels generated from
biological sources, such as plants, animals,
and microbes, that are biodegradable,
renewable,  reasonably clean, and
environmentally safe [13]. Furthermore,
biodiesel is a sulfur-free, superior lubricant
that has significant socioeconomic benefits
[14]. Biodiesel is proven to have better
properties compared to petroleum. Due to
these factors, the use of biodiesel has
become more appealing since it can
minimize the number of carcinogens
emitted into the environment. In recent
years, the production of biodiesel has
increased. This could be due to the fact that
it is considered an acceptable alternative to
fossil fuels as more and more people and
communities are seeing the need for a
paradigm shift towards alternative and
renewable energy sources. Biodiesel can be
made from any fatty acid source; however,
in recent studies, transesterification
reactions are studied for several vegetable
oils like rapeseed [15], pomace [16],
sunflower [17], safflower [18], canola [19],
palm [20] as well as fish oil [21]. Because
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edible vegetable oils like soybean oil are
more expensive than diesel fuel, waste
vegetable oils [22-25] and non-edible
crude vegetable oils such astiger nut oil
[26] and Pongamia pinnata [27] are
intensively being investigated as possible
cost-effective biodiesel sources.

It was estimated that biodiesel made from
these feedstocks would be more cost-
effective than biodiesel made from refined
vegetable oil [28]. The process of making
biodiesel from both sources is similar [29].
Vegetable oils have been shown to have
substantial potential as a fuel for diesel
engines in short-term engine performance
testing [30,31, 28].

In one study, the effects of temperature on
biodiesel in the range of 45-60°C were
investigated, and the quantity of methyl
esters was evaluated using GC-MS. It was
noted that the reaction’s temperature has a
considerable impact on the
transesterification reaction, with the best
biodiesel conversion of waste cooking oil
occurring at 55 °C having a methyl ester
level of 81.19% [32]. Valentinoh et al., [33]
investigated biodiesel production using
beef tallow. The greatest yield of 82.43%
beef tallow methyl ester was obtained
under ideal conditions by applying a 9:1
molar ratio of methanol to beef tallow at
55 °C for 90 minutes in the presence of 3
wt% CaO catalyst. According to Abba et
al.,[34], the greatest ester conversion of
neem seed oil was attained at a reaction
period of 40-50 minutes, a methanol oil
ratio of 6:1, a temperature of 65°C, and a
stirring speed of 350rpm.

BioScientific Review

Therefore, this article inspects and
evaluates the production of biodiesel from
edible vegetable seed oils such as melon
(Cucumeropsismannii), groundnut
(Arachis hypogea), and soybean (Glycine
max) seed oils with special emphasis on
identifying optimum temperature and time
to get the best transesterification reaction.

2.1. Sample Collection

Melon (Cucumeropsismannii), groundnut
(A. hypogea), and soybean (G. max) seeds
were collected from a neighbourhood
market in Okigwe, Imo State. Okigwe
Local Government Area (Figure 1) is made
up of twelve (12) communities and
numerous villages. It lies between the
longitudes of 7°44! and 7°26'E and
latitudes of 5°30! and 5°57'N. Okigwe
LGA encompasses 360km? and has a
population of 132,237 [35]. It is bordered
on the north by Umuahia South LGA, Abia
State, on the east by Onu-imo LGA, Imo
State, on the south by Umunneochi LGA,
Abia State, and on the west by Isuikwuato
LGA, Abia State. The climate is tropical,
with annual rainfall ranging from 1800 to
2000 mm, mean temperature of 28 to 42 °C,
and relative humidity of 65%. The dry
season (November-April) and the rainy
season (May-October) are the two main
seasons in the area [36]. The samples were
appropriately identified at the Department
of Plant Science and Biotechnology, Abia
State University. The seeds were separated
from all contaminating impurities and
crushed using an electrical blender.
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Figure 1. Map of Okigwe, Imo State
2.2. Extraction of Qil

The crushed seeds were sun-dried for three
days and weighed. The crushed samples
were separately put into a porous thimble
and were properly covered with cotton
wool. The thimble and its contents were
inserted into the tube of reflux extractor
connected to a round bottom flask
containing 400 ml of n-hexane. The oil was
extracted from the seeds using the Soxhlet
extraction technique and the American Qil
Chemists Society method [37]. n-hexane
(67.7°C-69.2°C) was utilized as the
extraction solvent.

2.3. Preparation of Methyl Ester
(Biodiesel)

To remove any remaining water molecules,
the extracted oil was filtered and heated to
around 65°C for 60 minutes. The
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temperature of the measured sample of oil
was maintained at 65°C to make sure that
solid fats melted if present. Sodium
methoxide solution was freshly prepared by
the addition of a preset amount of methanol
(28.39%) by weight of oil, with (100%) by
weight of methanol in a container. Methyl
ester (biodiesel) was produced using a
modified method reported by Refaat et al.
[4]. The transesterification process was
examined at constant catalyst loading (1%
of NaOH) and constant alcohol-to-oil molar
ratio (6:1) at three reaction temperatures
(45°C, 55°C, and 65°C) and three reaction
time intervals (40mins, 50mins, and
60mins).

2.4. Analysis of the Samples

The extracted samples were analyzed to
identify the properties of primary fuel such
as flash point, carbon residue, pour point,
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kinematic viscosity, total acid number (acid
value), sulfated ash, moisture content, and
cetane index. The flashpoint was
determined by the American Standard Test
Method (ASTM No. D92) [38]. Carbon
residue was determined by ASTM D6271
[39]. The other parameters were
determined as follows: Pour Point (ASTM
D751) [40], Kinematic Viscosity (ASTM
D445) [41], Sulphated ash (ASTM D874)
[42], Moisture content (ASTM D6751)
[43], and Cetane index (ASTM D4737)

[44].
3. Results

The percentage yield of biodiesel from the
oil extracted was calculated using the
equation below.

Percentage yield = (Vol. of oil used/Vol. of
biodiesel produced) x100 (1.0)

Figure 2 depicts the percentage yield of
biodiesel. The maximum percentage yield
of biodiesel obtained was 90.83% for
Glycine max, 78.00% for A. hypogea, and
77.58% for Cucumeropsismannii seed oils.
These findings compare favourably with
the percentage yield of biodiesel obtained

from waste vegetable oil [4]. This means
that Glycine max gave a higher yield than
waste vegetable oil, followed by A.
hypogea and Cucumeropsismannii seed
oils, respectively.

The summary of the experiment is shown
in Table 1. Sodium hydroxide was used as
the catalyst at a catalyst loading of 1%
wt/wt. Refaat et. al reported an elevated
percentage yield for a catalyst loading of
1% when compared to a catalyst loading of
0.5%[4].1t has been reported that potassium
hydroxide was used as a catalyst to produce
biodiesel with the finest characteristics
[45-48], but several other studies achieved
better results using sodium hydroxide
[49-52]. Catalyst loading greater than 1%
has been reported to favour backward
reactions [48]. The alcohol-to-oil molar
ratio is another crucial determinant in
methyl ester production. In this study, a
molar ratio of 6:1 was used which has been
used in other studies [47, 48, 49, 53]. Other
alcohol-to-oil molar ratios have also been
reported such as (3:1) and (9:1) [4]; 10:1
[45, 50].

92+
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76
74
72
704

Yield (%)

mannii
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Figure 2. Comparison of yield (%) of the different types of oil

Table 1. Summary of Experimental Results

Run Feedstock Catalyst concéitilry;ttion AICOhQI/o" Teﬁsgﬁzz re Ret?riltéon b\i{)?jlieosfel perce ntage

(%) wt ratio (C) (mins)  (m) Vel
1 Cucumeropsismannii NaOH 1 6:1 65 40 76.8 64.00
1 Cucumeropsismannii NaOH 1 6:1 65 50 85.2 71.00
1 Cucumeropsismannii NaOH 1 6:1 65 60 93.1 77.58
1 Cucumeropsismannii NaOH 1 6:1 45 60 76.8 64.00
1 Cucumeropsismannii NaOH 1 6:1 55 60 924 77.00
1 Cucumeropsismannii NaOH 1 6:1 65 60 93.1 77.58
1 Arachis hypogea  NaOH 1 6:1 65 40 85.2 71.00
1 Arachis hypogea  NaOH 1 6:1 65 50 90.1 75.08
1 Arachis hypogea  NaOH 1 6:1 65 60 93.6 78.00
1 Arachis hypogea  NaOH 1 6:1 45 60 84.1 70.08
1 Arachis hypogea  NaOH 1 6:1 55 60 87.6 73.00
1 Arachis hypogea  NaOH 1 6:1 65 60 93.6 78.00
1 Glycine max NaOH 1 6:1 65 40 99.6 83.00
1 Glycine max NaOH 1 6:1 65 50 106.8 89.00
1 Glycine max NaOH 1 6:1 65 60 109.2 90.83
1 Glycine max NaOH 1 6:1 45 60 99.1 82.58
1 Glycine max NaOH 1 6:1 55 60 103.8 86.50
1 Glycine max NaOH 1 6:1 65 60 109.2 90.83

3.1. Effect of Temperature

The influence of temperature and time on
the transesterification of the three feedstock
kinds was investigated. Figure 3 shows the
effect of temperature on biodiesel yield.
The most favourable temperature was
65°C; however, the transesterification
process was not complete at 45°C. The rise
in temperature from 45°C to 55°C improved
the yield from 64.00% to 77.00% for
Cucumeropsismannii, from 70.08% to
73.00% for A. hypogea, and from 82.58%
to 86.50% for G. max. When the
temperature was increased from 55°C to
65°C, it increased the yield from 77.00% to
77.58% for Cucumeropsismannii; from
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73.00% to 78.00% for A. hypogea, and
from 86.50% to 90.83% for G. max. The
increase in yield with an increase in
temperature has also been previously
reported [4]. In contrast to this finding,
several researchers claim that the
temperature did not affect the ultimate ester
conversion. Higher temperatures, on the
other hand, reduce the time it takes to reach
maximal conversion [29].
Transesterification is a relatively slow
process since this reaction can only take
place in the interfacial region between the
liquids, and because fats and alcohols are
not miscible. For this reason, intensive
mixing is required to enhance the contact
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region between the two immiscible liquids

[51].
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Type of oil

‘l 450C O 550C O 650C ‘

Figure 3. Effect of Temperature (°C) on yield of biodiesel

3.2. Effect of Time

The effect of time on biodiesel yield is
shown in Figure 4. The optimum time for
the transesterification reaction was 60 min;
however, the process was not complete at
40 min. The transesterification process was
completed at 50 min with a percentage
yield of 71.00% for Cucumeropsismannii,
75.08% for A. hypogea, and 89.00% for G.
max. When the time was increased from 50
min to 60 min, the yield increased to

BioScientific Review

77.58% for Cucumeropsismannii, 78.00%
for A. hypogea, and 90.83% for G. max.
Refaat et al., [4] reported that the optimum
time for the transesterification process was
lhr. They also stated that raising the
reaction time to 3 hours resulted in no
discernible increase in yield. According to
the findings, the best yield percentage was
obtained utilizing a 6:1 methanol/oil molar
ratio, with sodium hydroxide as catalyst
(1%) at 65°C temperature for one hour.
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Figure 4. Effect of time (mins) on biodiesel yield

Table 2. Comparative Properties of Biodiesel from Cucumeropsis Mannii, Arachis
hypogea and Glycine Max Seed Oils

Flash  Kinematic  Pour Water
Feedstock point Viscosity  Point (;Ig:z(tj Content I(?::srit()j?; SUIKZﬁted (fsga;r;e
(°c) mm?%S (°C) (%)
CucumeropsisMannii @ 147 4.0 14 -7 0.5 0.89 Nil 2411
40mins
CucumeropsisMannii @ 144 3.3 14 -7 0.4 0.88 Nil 2411
50mins
CucumeropsisMannii @ 140 2.9 12 -6 0.3 0.79 Nil 23.01
60mins
CucumeropsisMannii@ 146 4.1 14 -7 0.4 0.88 Nil 23.99
45°C
CucumeropsisMannii @ 144 3.5 13 -7 0.4 0.88 Nil 2411
55°C
CucumeropsisMannii @ 140 2.9 12 -6 0.3 0.79 Nil 23.01
65°C
Arachis hypogea @ 147 41 13 -8 0.6 0.52 Nil 23.62
40mins
Arachis hypogea @ 144 35 11 -9 0.6 0.42 Nil 23.62
50mins
Arachis hypogea @ 142 3.0 11 -7 0.4 0.39 Nil 20.65
60mins
Arachis hypogea @ 45°C 147 4.2 13 -9 0.6 0.53 Nil 23.62
Arachis hypogea @ 55°C 144 35 11 -9 0.6 0.42 Nil 23.62
Arachis hypogea @ 65°C 142 3.0 11 -7 0.4 0.39 Nil 20.65
Glycine max @ 40mins 146 3.6 16 -9 0.2 0.81 Nil 24.22
Glycine max @ 50mins 143 3.3 14 -9 0.2 0.81 Nil 23.58
Glycine max @ 60mins 138 2.6 09 -7 0.1 0.77 Nil 22.04
Glycine max @ 45°C 147 3.6 16 -9 0.2 0.81 Nil 24.22
Glycine max @ 55°C 143 35 13 -9 0.2 0.81 Nil 23.58
Glycine max @ 65°C 138 2.6 09 -7 0.1 0.77 Nil 22.04
4. Discussion Laboratory investigations were carried out
to ascertain the qualities and features of
biodiesel produced from
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Cucumeropsismannii, A. hypogea), and
Glycine max seed oils. The results are
shown in Table 2. Standard viscosities
stipulated by ASTM D445 are within 1.6-
5.5mm?/s. The results showed that all
samples met the standard condition,
indicating that they are viscous enough to
generate genuine spray throughout the
combustion chamber and would be
adequately mixed with air [54]. All of the
samples were classified as 4-D diesel fuel.
The viscosity difference gives rise to the
concept of viscometry, an analytical
method for determining the conversion of
edible fat to methyl ester[4]. The viscosity
difference between the componential
triacylglycerols of vegetable oils and the
methyl esters produced by
transesterification is about one digit [55].
Kinematic viscosity (1.9-6.0mm?/s in EN
14214) has been incorporated into biodiesel
specifications [56]. The obtained kinematic
viscosities for all the samples ranged from
2.6mm?/ to 4.2mm?/s and this conforms to
the ASTM D6751 standard. These
kinematic viscosity values also denote
satisfactory completion of the
transesterification process [4].

The flashpoint of the samples ranged from
138°C to 147°C. This shows that the
samples could be stored with no fire or
explosion risk. The cloud point ranged from
-6 to -9 and is greater than that of petroleum
diesel, meaning that at low temperatures, it
will form wax crystals. The pour point of
the samples ranged from 9°C to 16°C. This
conforms to the Malaysian B100 standard
for biodiesel [12]. The pour point of all the
samples is greater than that of petroleum
diesel since, at lower temperatures,
biodiesels become a gel that cannot be
pumped. The moisture content ranged from
0.1% to 0.6% for the biodiesel samples.

BioScientific Review

The carbon residue ranged from 0.39 to
0.89 for all the biodiesel samples. All the
samples contained no sulfated ash. The
cetane index of the biodiesel sample ranged
from 20.65 to 24.22. Cetane numbers are
frequently estimated using the determined
cetane index (ASTM D976 or D4737). The
cetane number of diesel fuels is
proportional to the length of the
hydrocarbon chain [54].

Although biodiesel has been reported to
have better lubricity characteristics as
compared to diesel fuel [55]; the wear of
various important parts of the engine
appears to be higher during the test fuel
application [56]. The lubricity issue is
important since the introduction of low
sulfur petrodiesel fuels, and more recently,
ultra-low-sulfur diesel (ULSD) fuels, as
mandated by regulations, has resulted in the
failure of engine parts such as fuel pumps
and injectors, which are lubricated by the
fuel itself [53]. Hence, the biodiesels that
blend with petrodiesel are highly
recommended. The tribological issues
associated with the utilization of biodiesels
and also the biofuel standards and
regulations are reported in [12].

5. Conclusion

Due to the declining global petroleum
reserves, strict emission requirements, and
climate change policies, research into
alternative energy sources has grown in
importance. According to the findings of
the study, edible vegetable oils such as
Cucumeropsismannii, A. hypogea, and G.
Max) seed oils are good alternatives to
petrodiesel. The best percentage yield was
achieved using 1% sodium hydroxide as a
catalyst with a 6:1 methanol/oil molar ratio
at 65°C.The optimum time for the
transesterification reaction was 60 min. The
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maximum percentage yield of biodiesel
was obtained at90.83% for G. max, 78.00%
for A hypogea, and 77.58%
for Cucumeropsismannii seed oils. It was
determined that the temperature and time of
reaction affected the percentage yield of
biodiesel. G. max gave a better yield than
waste vegetable oil, followed by A.
hypogea and Cucumeropsismannii,
respectively. It was evident from the data
that the fuel produced met all the necessary
biodiesel fuel standards.
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