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ABSTRACT

This study examines the production and characterization of biodiesel which is derived from soybean oil through the use of a
transesterification process. Biodiesel formed via the chemical reaction of soybean oil and methanol in the presence of sodium
hydroxide (NaOH) as a catalyst. The resulting biodiesel samples were analyzed using Gas Chromatography-Mass Spectrometry
(GC-MS) and Fuel analyzer. The highest yield of methyl ester was obtained by using 60 mL methanol, 250 mL Soyabean oil
and 1.4 g NaOH was used as a catalyst. The reaction was carried out at 60 °C for 3h. Among the four primary methyl esters,
hexadecenoic acid methyl ester is the dominating ingredient in the combination, with the greatest yield of 11%. The fuel
properties of the synthesized biodiesel were evaluated and contrasted with conventional diesel. Notably, the biodiesel exhibited
a cetane number of 68.4, considerably higher than that of pure diesel, indicating superior ignition quality. But compared to diesel,
biodiesel was shown to have much lower flash and fire points, which could make handling and storage more difficult. These
findings show the possibility of soybean oil-derived biodiesel as a viable alternative to traditional diesel, with its higher cetane
number enabling increased combustion efficiency. Nevertheless, the decreased flash and fire thresholds demand more work to
improve the safety properties of the biodiesel.
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1. Introduction

Geographically, Bangladesh can produce biodiesel from
non-edible materials such as rubber, cotton seed, castor,
bahera, neem, karanja, and jatropha. Algal cultivation is the
most viable alternative, covering 6.1 million hectares of
barren land and water. However, costs must be reduced to
make it a viable substitute for diesel [1]. The ASTM
definition of biodiesel is a fuel composed of mono-alkyl
esters of long-chain fatty acids derived from vegetable oils
or animal fats". Fatty acid methyl esters (FAMEs) make up
the majority of biodiesel, one of these alternative energy
sources. There are four main methods to obtain it: (a) using
and combining oils directly, (b) creating oil microemulsions,
(c) thermal cracking (vegetable oil pyrolysis), and (d)
transesterification (oil alcoholysis). Transesterification of
vegetable oils, including soybean, rapeseed, sunflower,
palm, coconut, tung, and waste cooking, is the most widely
used technique [2]. The chemical process of
Transesterification, which creates fatty acid alkyl esters
when triglycerides and alcohols react with a catalyst, is how
biodiesel is made. Glycerin, sometimes called glycerol,
results from transesterification [3]. Enzymes, acids, or alkali
can catalyze reactions involving Transesterification. Water
and minimal levels of free fatty acids (FFAs) in oil are best
suited for alkaline catalysts, whereas a high FFA level is best
suited for acid catalysts [4]. Because it is quicker, alkali-

catalyzed Transesterification is frequently employed in
industry. Numerous investigations have been carried out in
lab settings, with molar ratios of 3:1 to 6:1 for
alcohol/soybean oil and suggested reaction temperatures
close to the boiling point of alcohol [5, 6]. Utilizing biodiesel
instead of diesel can improve rural industries' financial
standing, increase energy security, and lessen the harmful
environmental effects of fossil fuels [7-12]. Because of its
high oil content, accessibility, and established agricultural
enterprise, soybean oil is commonly used as a feedstock for
manufacturing biodiesel. Due to its significant amount of
unsaturated fatty acids, it may be transesterified to create
biodiesel. Compared to other feedstocks, including palm oil,
rapeseed oil, and leftover cooking oil, soybean oil has the
advantages of consistent quality, widespread availability, and
environmental benefits. It is an essential part of renewable
fuel projects and keeps promoting energy security and
environmental sustainability [13]. Biodiesel offers
improved lubrication, encouraging efficient engine
component operation, lowering engine wear, and increasing
engine longevity. Sustainable, non-toxic, biodegradable,
non-flammable biodiesel is good for the environment.
Because of all these characteristics, biodiesel is among the
finest substitute fuels for meeting future energy needs [14].
However, there are certain disadvantages to biodiesel. Fuel
atomization, combustion, and pumping issues may arise
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from the increased viscosities of biodiesel fuels, typically
between 11 and 17 times greater than those of regular diesel
[15]. Fuel injectors at the engine's head and piston may also
coke due to using biodiesel. Moreover, operating biodiesel in
an unaltered compression ignition engine may result in
excessive engine wear [16, 17]. It is possible to produce
biodiesel from wvarious oil sources, including soybean,
mustard, sesame, moss, jatropha, castor, bahera, neem, and
algae in Bangladesh. However, the country only produces
enough soybeans to cover 40% of its domestic oil demands.
However, 1.7-1.8 million metric tons of soybeans may be
produced on 0.7-0.8 million hectares of land in char areas
under cultivation. In Bangladesh, mustard plants are also
grown in large quantities [18]

Bangladesh's energy sector faces significant pressure
due to increasing population growth and reliance on natural
gas and petroleum oil. Despite being the twenty-eighth-
ranked natural gas producer in 2014, 23.6 billion cubic
meters of produced gas are consumed domestically [19, 20]
The nation's crude oil reserves are limited, and its natural gas
reserves might run out in ten years. To rectify the deficit, the
government imports 108187 barrels daily.[28] Fossil fuels
provide the bulk of primary energy and contribute to
environmental deterioration. Alternative sources like solar,
wind, water, geothermal, biomass, and biofuels are being
explored, with ethanol and biodiesel being common biofuels.
Biodiesel is produced in many countries as an alternative to
diesel fuel [21-23]. Petroleum-based fuels are negatively
impacting the environment, releasing harmful gases like
CO,, HC, NOy, and SOy. As oxygenated fuels, ethanol and
biodiesel are essential for lowering emissions of sulfur
oxides, particulate matter, unburned hydrocarbons, poly-
aromatics, and greenhouse gases. Because of their
environmental benefits, they are very appealing substitutes
for diesel fuel [24]

With the most excellent methyl ester output of 11% in the
RUN-1 sample, this study offers new information on the
transesterification method used to produce biodiesel from
soybean oil. It suggests that biodiesel may be a better
alternative to diesel fuel and provides a detailed analysis of
fuel properties, including a cetane number of 68.4.

2. Methodology

This research focuses on the transesterification process
used to produce and analyze biodiesel from soybean oil. The
essential stages and experimental protocols are listed below
to guarantee the experiment's repeatability and the precision
of the biodiesel yield and property evaluations.

2.1 Collection and Preparation of Materials

Soybean oil, methanol, and sodium hydroxide (NaOH),
which are needed to produce biodiesel, were gathered.
Methanol is used to produce methyl esters, while sodium
hydroxide catalyzes the transesterification process. The
essential apparatus was glassware, an electric balance,
measuring cylinders, a separatory funnel, and a hot plate with
magnetic stirrer. All equipment used in the experiment was
carefully cleaned with distilled water and dried to avoid any
contaminants or moisture remained that would impede the
transesterification process, possible side reactions that might
have a detrimental impact on the yield and quality of
biodiesel.

2.2 Transesterification Reaction Setup

Soybean oil was used as a catalyst in a transesterification
reaction to react with methanol to produce biodiesel. This
stage was essential for forming the byproduct glycerin and
fatty acid methyl esters, or biodiesel. To assure precision and
consistency in the manufacturing of biodiesel, the systematic
process that follows was adhered to:

2.2.1 Preheating the Soybean Oil

Using a magnetic stirrer, the 250 mL of soybean oil was
heated to 55 °C to maximize the reaction rate and ensure the
oil was liquid for efficient mixing. The temperature was
closely regulated to prevent overheating, which could
deteriorate the oil.

Methanol
Biodiesel

Fig.1. Flow chart of biodiesel production

2.2.2 Preparation of Sodium Methoxide Solution

1.4 g of NaOH and 50 mL of methanol (MeOH) were
dissolved in a beaker to create sodium methoxide. The
NaOH was thoroughly dissolved by constantly stirring this
mixture with the magnetic stirrer. Sodium methoxide was
used as the active reagent in the transesterification reaction
to convert methyl esters from the oil's triglycerides. This
preparatory step was crucial to creating the necessary
reaction mixture.

Fig. 3. Warm-up oil
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Fig.6. Final product of Bio-Diesel

2.2.3 Initiation of the Reaction

The produced sodium methoxide solution was then
mixed with the heated soybean oil. To ensure the reactants
were mixed correctly, the mixture was shaken vigorously for
five minutes. The reaction mixture was left to stand for
overnight to facilitate full-phase separation. As a result of
transesterification reaction, two different layers were formed
such as the glycerin phase (lower layer) and the biodiesel
phase (upper layer).

2.3 Separation and Analysis of Biodiesel

The two layers were evident after the 24-hour response
time. A separatory funnel was used to properly separate the
biodiesel (upper layer) from the glycerin to ensure that no
glycerin remained in the biodiesel, which could impact its
quality and quality. A measuring cylinder was used to
measure the volume of biodiesel produced, and the
percentage yield was computed by considering the starting
oil consumption and finally analyzed the fuel qualities of the
biodiesel samples thoroughly. Density, viscosity, fire point,
and pour point were among the attributes investigated. The
methyl ester composition of the fatty acids in the biodiesel
samples was also identified and quantified using Gas
Chromatography-Mass ~ Spectrometry  (GC-MS),  with
hexadecenoic acid methyl ester being the predominant
component. The performance attributes of biodiesel,
including the cetane number, flash point, and fire point, were

also evaluated using a Fuel Analyzer. By comparing it with
conventional diesel, these analyses clarify the combustion
efficiency and safety of biodiesel. The RUN-1 sample
yielded the highest methyl ester by using 60 mL methanol,
250 mL soybean oil, and 1.4 g NaOH. This outcome showed
that temperature and reactant concentration were important
reaction parameters affecting biodiesel production. GC-MS
analysis revealed the maximum concentration of fatty acid
methyl esters was 11% in RUN-1 sample, highlighting the
material's potential as a fossil fuel substitute.

3. Chemical Reaction of Biodiesel

In the transesterification process utilized in your study,
biodiesel, fat, or vegetable oils rich in triglycerides are mixed
with methanol when a catalyst is present. Glycerine and fatty
acid methyl esters (FAME) are the results of this process.
Since soap synthesis reduces catalyst availability, the
optimal efficiency requires a low percentage of free fatty
acid (FFA) (less than 2%) and few non-saponifiable
components [25]. This is particularly true for oils. It is
recommended to use a 6:1 alcohol-to-oil ratio (a 100 %
alcohol excess) for transesterification.
The reaction can be simplified as:

Triglyceride + 3 Methanol — 3 Methyl Ester (Biodiesel) +
Glycerol.

NaOH
C3Hs(CigH360,)3 + 3CH;0H = 3C1gH340CH;
+ C3HgO4

1]
CH,—0—C—R CH;—0—H

Catalyst

1] . RS . J A
CH—O—C—R  + G3ROH 3R—0—-C—R + CH—O-H

CH—0—-8-R CH;—0—H

Schemel: Reaction of Biodiesel Production

Despite its toxicity, methanol is favored because it is less
expensive, easier to recover from, and has faster reaction
rates. The process in biodiesel produces superior cetane
numbers, high lubricity, and an energy content comparable
to standard diesel fuels. However, because of solubility
problems, a high alcohol percentage could make separating
biodiesel from glycerin easier.

4. Separation of byproducts

The research uses purification and decantation methods
to separate and purify the prepared biodiesel byproducts,
including glycerin and fatty acid methyl esters (FAME).
First, the reaction products, glycerin, and FAME, are
separated using decantation, which divides the mixture into
two phases based on their densities. Extra purification is
necessary because FAME, the top phase, contains
contaminants such as glycerides, alcohol, and catalyst
residues. Washing the FAME with water and acidified water
is part of this purification procedure to get rid of impurities.
The FAME is guaranteed to meet biodiesel quality criteria by
a final drying step. The article emphasizes how
centrifugation can speed up the slow decantation process,
which is the bottleneck. Glycerin, a byproduct, usually has
little commercial use because of its impurities, which include
soaps, free fatty acids, and methanol. Washing and pH
changes are used to get rid of these contaminants. Crude
glycerin's free fatty acids segregate after settling into
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different stages. Silicates or ion exchange resins are two Peak -1 Hexadecenoic acid, methyl ester(C17H3:02)
more alternative purification methods the study emphasizes Peak-2 9, 12 Octadecadienoic acids, methyl ester (C19H340,)
to increase product quality. Peak -3 9 Octadeccr{ow E‘:}.Cld, methyl ester (CyH350,)

Peak -4 Octadecanoic acid, methyl ester (C1oH330,)

o} O

Il 1l 5.1 GC-MS Spectra for RUN -1
HO—C—R + NaOH ——> NaO—C—R + H,0

TIC. UR DUET Biodiesel 17 Ddatams -

- e Pesk |
Fatty acid Soap 2ot . N
Scheme 2: Reaction of Soap Production - (Peakcs |
O ﬁ 12e+07 s
Il
NaO—C—R + HCI ——» HO—-C—R + NaCl ‘
o Pkl | R
Scheme 3: Conversion of Soap into free fatty acid m . | peakt
This research, which goes into great depth about the - AN I
separation of biodiesel products, emphasizes the vital role of Moo OO
purification in the effectiveness and quality compliance of Fig.7. GC Mass Spectra of RUN-1
biodiesel manufacturing by addressing both chemical and
mechanical processes in product separation. One important [ o Sean 3817 G378 mo URDUET Bare 7 tams

thing is FAME. Significant factors include the challenges of [ peak1 |
decantation and the need to remove contaminants to meet the
biodiesel requirements for clean glycerin. The research
analyzes chemical and mechanical processes in product
separation to highlight the critical role of purification in

biodiesel synthesis's efficacy and quality compliance.

5. Result and Discussion

The transesterification reaction was carried out using
vegetable oil, methanol and NaOH as a catalyst. To achieve
the highest yield of biodiesel product the reaction is
conducted four times, as shown in Table 1. All the products

Fig.8. Peak-1

Soan 3502 (22407 min} UR DUET Biodesel 17 D'datams.

of biodiesel are determined using Gas Chromatography / =
Mass Spectrometry, presented in Fig. 7. Among the four - Tea?
products, the products from RUN-1 was found to have the -~
highest yield of methyl ester. Three hours reaction time was oy B
sufficient to have good yield for methyl ester. The reaction e::: .
temperature was also the most significant variable that -
affected the transesterification reaction. The molar ratio onne
varied at 3:1 and 1:3 where the temperature was constant at —
60 °C. = oy -
o " 'l“l L th' 2 L L Jnt 460 4288

D 0 60 ® 100 10 W 160 160 200 20 240 20 20 X0 30 M0 M0 30 40 49

Table 1 Quantification of Biodiesel

Number of |Methanol|Soybean |NaOH |Biodiesel| By- Fig.9. Peak-2

observations| (ml) |oil(ml)| (gm) | (ml) |product - » Scan 3603 22472 . UR DUET Bocese 7 Daams
(ml) o [ Peak3 |
Run-1 60 250 14 248 32 o ' ’
Run-2 60 250 14 247 70 o
Run-3 150 50 | 0.7 | 175 23 -
Run-4 300 100 14 302 102 .
GC-MS investigates the methyl ester composition in the toee i
production of biodiesel from vegetable oil. The following oco0 o i [ 2
peaks depict the methyl esters: Sy e R

Fig.10. Peak-3
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5.2 Analysis of Peak

Name: Hexadecanoic acid,
methyl ester
Formula: C7H3,0:
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Name: 9-Octadecenoic acid,
methyl ester
Formula: Ci9H360;
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Fig.17. GC-MS Spectra for RUN-3
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Fig.18. GC-MS Spectra for RUN-4

5.4 Chemical Name and its Molecular Formula

The percentages of methyl esters in the biodiesel were

determined using Gas Chromatography/ Mass Spectrometry
(GC-MS).
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Table 2. The percentages of methyl esters present in the
composition of biodiesel produced from vegetable oil.

Peak Name Molecular Formula % of Area
1 Hexadecanoic acid, methyl ester C17H3402 1%
2 9,12-Octadecadienoic acid (Z, CioH340; 47%
Z), methyl ester
3 9-Octadecenoic acid (Z), methyl CioH3602 37%
ester
4 Octadecanoic acid, methyl ester CioH3502 5%

From Table 2, we observed that the methyl esters present in
the biodiesel are Octadecanoic acid, methyl ester (C19H330>),
and Hexadecanoic acid, methyl ester (Ci7H340;). Their
percentages by composition are 5% and 11% respectively.
Other esters also initiated in the biodiesel are 9,12-
Octadecadienoic acid, methyl ester (Ci9H340,) and 9-
Octadecenoic acid, methyl ester (Ci9oH360,) with higher
percentages of 47% and 37% that contain some unsaturation.
So we can have exposed that Hexadecanoic acid, methyl
ester(Ci7H340,), was the predominant compound in the
mixture, having the highest percentage of 11%. The fatty
acid methyl ester profile is an essential factor for the
determination of the suitability or any other feedstock for use
in biodiesel fuel production.

5.5 GC-MS Pure Bio-diesel Vs Experimental GC-MS
Spectra
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Fig.20. Experimental GC-MS Spectra

5.6 Result from Fuel Analyzer
Temperature 40 °C, Density at 40 °C 869.0 kg/m?3

Table 3. Data from fuel analyzer.

Method Value Unit Av
FAME EN14078 31.57 V%
FAME ASTM 7-30% >40.09 V%
Cetane Improver (EHN) 1904
Cetane Number 68.4 98.405
Cetane Index 58.2 99.526
Total Aromatics 0 m% 98.747
PNA 0.61 m% 99.507
Total Olefines 0.00 m%
IBP 2173 °C 98.064
T10 205.8 °C 98.039
T65 <230 °C
T85 <260 °C
T90 >380 °C 96.392
T95 <300 °C
FBP 356.8 °C 96.322
R250 39 Yorec 99.962
R350 >100 Yorec 98.383
CFPP -6.1 °C 99.923
Kinematic Viscosity at 40°C 0.00000341 m?/s 96.139
Dynamic Viscosity at 40°C 0.00300 Kg/m/s 96.141
T50 3289 °C 96.345
FAME ASTM 0-7% >7.02 V%
Cetane Improver (IPN) 3 ppm

The most important properties of fuel such as cetane number,
cetane index, temperature, density, Kinematic Viscosity at 40
°C, and Dynamic Viscosity at 40 °C, are found in the Table
3. The cetane number and cetane index of the prepared
biodiesel were comparatively higher than pure diesel. The
temperature was almost identical, and the viscosity at 40
degrees was higher than diesel.

6. Conclusion

Vegetable oil is a reliable source of renewable biodiesel
It has the prospective to fill-up partial energy demands in an
eco-friendly manner. From the compositions of methyl ester
in biodiesel produced from vegetable oil we observed the
presence of Octadecanoic acid, methyl ester (C19H330,), and
Hexadecanoic acid, methyl ester (Ci7H340;) with a
respective percentages of composition were 5% and 11%.
Other esters obtained from the biodiesel were 9,12-
Octadecadienoic acid, methyl ester (C;9oH340,) and 9-
Octadecenoic acid, methyl ester (Ci9oH3602) having
percentages of 47% and 37% respectively. The results
conclude that Hexadecanoic acid, methyl ester (Ci7H340,),
was the major compound in the mixture that have the highest
percentage of 11%. As a substitute for gasoline in internal
combustion engines, the methyl ester profile of biodiesel
demonstrates its viability and reliability.
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