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1. Introduction

Crude oil is the most essential energy source worldwide. The economic growth of most countries depends on the
energy supply. Worldwide energy consumption is predicted to rise by 33% by 2035 due to the rapid spread of
industrialization and urbanization [1]. However, because to the exhaustion of non-renewable forms of energy and
their detrimental effects on the ecosystem, such warming of the planet, it is necessary to search for sustainable,
energy-efficient, and conservation methods [1]. Global attention has been directed to more eco-friendly and
sustainable techniques for generating renewable energy sources [2]. Renewable energy provides non-toxic,
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biodegradable supplements that offer cleaner, more environmentally friendly approaches to overcoming economic
and environmental challenges [3]. "Biofuel” is one of the oldest and most extensively utilized renewable energy
sources. Biodiesel is a type of biofuel that is biodegradable, non-toxic, and renewable energy source. Various
substrate sources, including algae, animal fats, oilseeds, and vegetables, are suitable for manufacturing biodiesel.
The raw material selection procedure considerably influences the viability and economics of biodiesel
manufacturing; hence, it is critical since using expensive substrate might make the manufacture of biodiesel
unprofitable [4]. Among various types of vegetable oil, sunflower oil represents an excellent potential substrate
for biodiesel use due to its comparable properties to Petro diesel; the primary parameters for assessing biofuel's
energy content and combustion characteristics are calorific value and cetane number. Several studies investigated
the possibilities of cultivating sunflower seeds for biodiesel production. The results were beneficial, with a high
biodiesel yield compared to numerous oils [5].

The variety of techniques for producing biodiesel urges exploring new and ideal procedures combined with the
highest yield. However, no process is flawless, as every strategy has its drawbacks. Many investigations have been
done to reduce the methods that use catalysts, which include leaching, deactivation, and separating from the
product of the reaction since they are essential for increasing the effectiveness of transesterification reactions.

For biodiesel manufacturing, heterogeneous catalysts often have fewer challenges than homogeneous catalysts.
However, issues still need to be resolved, including long processing periods, slow reaction rates, and product
purification and separation difficulties. Nano-catalytic transesterification can successfully address the
abovementioned limitations because of its larger surface area and higher catalytic activity than conventional
catalysts; transesterification-related nanocatalysts exhibited various benefits for biodiesel production. They also
show excellent stability, strong surface area-to-volume proportion, saponification procedure resistance, and a
sizable reuse ability factor. Many scientists are investing a lot of work into designing new nanocatalysts and
improving their properties for better catalytic performance that is more effective and efficient [6]. Several
investigations on different nano catalyst-catalyzed transesterification processes employing various biodiesel
substrate materials are provided in Table 1.

Mesoporous catalysts are nanocatalyst forms that have garnered much attention in biodiesel production studies
due to their unigue characteristics. These characteristics make it easier for the reactants to go from the acidic sites
of the catalyst to the active sites inside its internal structure. Several mesoporous nanomaterials have recently been
developed. The International Union of Pure and Applied Chemistry (IUPAC) has divided mesoporous
nanomaterials into ordered and non-ordered categories [28]. In particular, Due to their remarkable features—such
as identical pore-size distribution, enormous surface area, crucial volume of pore, accessible walls substance,
suitable for mass transfer characteristics, and extraordinary thermal and mechanically stable—ordered mesoporous
silicate and ordered mesoporous carbon have attracted a lot of research attention [29,30]. Mesoporous silica
nanoparticles are distinguished as superior heterogeneous catalyst substrates. MCM-41 is a common mesoporous
silica material discovered and characterized by its uniform size of the pore, substantial pore volume, and well-
organized mesoporous shape that takes on a hexagonal symmetry [31,32]. Siloxane groups are distributed
throughout the bulk of these materials, whereas silanol groups are located on the exterior surface [33].

In this study, MCM-41 catalysts produced from Tetraethyl Orthosilicate, a source of silica, were utilized to
manufacture biodiesel from sunflower oil via the sol-gel process. This mesoporous catalyst was selected because
of its appropriate size of pore for the proposed reaction. Employing a solid catalyst facilitates the separation of the
product as soon as being formed from the reaction medium. Recovering the catalyst allows for potential
reactivation and reuse, lowering the total cost of the industrial process. The objective of this research is to examine
the operational parameters, such as loading of the catalyst, reaction temperatures, reaction durations, as well as the
molar ratio of methanol/ sunflower oil.
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Table 1: nanocatalysts utilized for biodiesel synthesis.

Reaction conditions:-
(Methanol to oil molar ratio)

catalyst feedstock (Catalyst amount (%W)) (Reaction Yield%  Ref.
temperature (°C)) (Time (min))

Nano-Ca(OCHs) Microalgae oil 30:1, 3, 80, 180 99 [7]

MgO/MgFe;04 Sunflower oil 12: 1, 4, 110, 240 91.2 [8]

CaO/CuFe;04 Chicken oil 15:1, 3,70, 240 94.52 [9]

MgO Goat fat 12:1,1, 70, 180 93.12 [10]
CaO Waste cooking oil 8:1,1,50,90 96 [11]
Waste-based CaO Microalgae oil 11: 1, 2, 60, 180 92 [12]
Li/Fe30a rapeseed oil 12:1,0.8, 35, 30 99.8 [13]
Li-TiO2/Feldspar karanja 10:1,2, 50, 120 96.4 [14]
Li-TiO2/Feldspar Saflower oil 5:1, 2,50, 120 96.5 [14]
Li-TiO2/Feldspar castor oil 15:1, 2, 60, 120 96.1 [14]
CaO Soya-bean oil 15:1, 8, 65, 120 80 [15]
ZrO,-Ti0,@MGO used cooking oil 3:1, 4.7, 65, 180 99 [16]
CdO, Malabar Ebony seed oil 1:9, 0.5,90,180 94 [17]
ZIF-8 MOF soybean oil 20:1, 7, 90,150 97.4 [18]
NixZn;—x Fe204 neem seed oil 16.5:1, 3, 70, 50 93 [19]
Cao soybean oil 20:1, 8, 65, 150 81.3 [20]
CuO Citrullus colocynth Seed Oil 8:1, 0.365, 85, 120 95 [21]
Fe304/Si0,@Zn0 Waste-cooking-oil 9:1, 2,60, 30 88.3 [22]
Ce0; Descurainia sophia L 8:1, 0.3, 90,210 98 [23]
NiFe204 Acacia furnesiana seed oil 14:1, 4.61, 65, 53 93.1 [24]
CaO/Fe,03 waste cooking oil 11:1,1,60,70 90.4 [25]
MGO@TIiO2Ag waste cooking oil 2.52:1, 4.15, 60, 169 96 [26]
GO@ZrO,-SrO Waste cooking oil 4:1,1,120, 90 91 [27]

2. Experimental Work

2.1 Materials

Hubei Bluesky New Material Inc., Xiantao, China, supplied TEQOS, Si (OC2Hs)4 (tetraethyl orthosilicate) with a
purity level of 98%, while Interchiniques SA, France, supplied cetyltrimethylammonium bromide (CTAB,
Ci1gHBrN) with a purity level of 98%. Simultaneously, 99% pure granular sodium hydroxide (NaOH) was
provided by CHEM-LAB (Belgium). An Iragi producer provided deionized water with zero conductivity and seven
pH. Additional raw ingredients from Sigma Aldrich were obtained for this work, involving methanol with an
analytical purity of 99.5% and a Pellet of potassium hydroxide (96.0%). The sunflower oil was purchased from a
local market. Phenolphthalein was used as an indicator. The sample's acidity and FFA (free fatty acid) content
were determined using titration. The mixture was gradually mixed with a few drops of KOH (potassium hydroxide)
solution and methanol until the colour changed into purple. Before biodiesel was generated, GC-MS determined
the complete chemical composition of sunflower oil. Table 2 shows the primary components and fatty acid
makeup of oil. Sunflower oil's fatty acid composition values are consistent with those reported in previous
scholarly publications [34,35].



H. Kh. Ismaeel et al. Journal of Applied Sciences and Nanotechnology, Vol. 4, No. 3 (2024)

Table 2: Fatty acid composition of sunflower oil.

Resident Chemical Free
No. Time Area (%) Name of component Fatty Molecular wt.
. Formula .
(min) acid
1 20.171 13.92 (methyl palmitate) Ci7H340, C17:0 270
9,120ctadecadienoic acid
2 22.733 68.88 ’ . . CioH340 C19:2 294.5
(Z, Z)- (linoleate acid) 1
3 23.027 7.75 Methyl stearate Ci9H330, C19:0 298.5

9,120ctadecadienoic acid
4 23.21 1. ’ H3,02 19:2 294,
3.217 85 (Z, Z)- (linoleate acid) CisHz40 19 45

9,120ctadecadienoic acid
23. 22 ’ H;4,02 19:2 294,
5 3.693 0 (Z. Z)- (linoleate acid) CioH340 C19 94.5

others 2.38

2.2 The MCM-41 preparation

The sol-gel technique was utilized to create (Mesoporous Silica Mobil Composition of Matter) No. 41 (MCM-41),
with (TEOS) as a silica source and (CTAB) as a guiding agent for structure [36]. Initially, (0.34 grams) of NaOH
and (30 millilitres) of deionized water were used to dissolve 1 g of CTAB. After stirring the mixture for
approximately 1 hour at room temperature, the remaining 5.78 grams of TEOS was gradually added. Homogenous-
mixture output was continuously hydrothermally heated to 110 °C for 96 hours in an autoclave. The filtered solid
product was washed with deionized water to remove partial surfactants. The resultant solid was dried overnight at
forty degrees Celsius [37]. As seen in Fig. 1, the product was calcined at (550°C) for six hours to remove the
surfactant and produce a white catalyst powder.

-

i
(CH3)15CH3 —N*—CHj
|

CTAB NaOH

Dryii;g
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Calcination washing
at 550°Cfor 6 h and filtering
> J

Figure 1: The synthesis steps for MCM-41which prepared at 110 °C and atmospheric pressure for 96 hours.
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2.3 Catalyst reusability

Centrifugation separated the mixture obtained from the last step of the initial transesterification process from the
consumed catalyst. Then, the final product is transferred to be purified. The utilized catalyst was restored via an
hour-long cyclohexane wash, stirring at 100°C, and a drying phase at 120°C. Following the drying stage, the
procedure continues with a one-hour calcination at 500°C. The catalyst is renewed and prepared for reuse [38].

3. A trans-esterification Process

In the transesterification process of sunflower oil, MCM-41 catalyst is used. The temperature was adjusted between
40 and 60 °C by a temperature controller, and a speed controller comprised the experimental reactor setup, which
consisted of a (250 millilitres) three-neck flat bottom glass flask with a mechanical stirring (MS) hot plate. The
thermometer for measuring the reaction's temperature is placed in a tight rubber stopper on one side of the reactor's
necks. Another side of the neck was used to extract the specimen of oil with an alcohol catalyst mixture. A
condenser has been added to the reactor to facilitate methanol recovery, having a boiling temperature of (64 °C)
and tending to evaporate at increased temperatures during reactions. It also assists in maintaining the reactor's
internal atmospheric pressure. The reactor was set on the hot plate, and the required amount of vegetable oil was
added. After a specific volume of catalyst-mixed methanol liquor was added to the reactor, then turned on the
mechanical stirrer to create a stirring action at 800 rpm, which started the reaction. As shown in Fig. 2, the reaction
of the trans-esterification was conducted in a laboratory-scale reactor using a batch reactor.

D N e

+ 1. Mechanical stirring.

i 2. Three neck conical fitting.
+ 3. Condenser.

i 4. The inlet for cool water.

E 5. The outlet for cool water.

+ 6. Rubber stopper fitting.

. 7. Neck to add the catalyst.

g U S

Figure 2: Experimental setup.

The yield of the trans-esterification reaction was calculated by the following Equation:

Yield %= Production FAME (1)

Initial weight of oil
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4. Catalyst Characterisation
The X-ray diffraction (XRD) pattern of the synthesised MCM-41 material is shown in Fig. 3. This pattern exhibited

a distinct peak at a 26 angle ranging from 2.0° to 2.2°, indicating microporosity and a regular, well-organised, two-
dimensional, hexagonal structure with long-range ordering within the channels [39-41]. Also, the XRD pattern
exhibited two minor peaks at 26 angles ranging from 3.8°-3.6° and 5.8°-5.2°, which can be attributed to the (d100,
d110, and d200) crystallographic planes of the p6 mm lattice structure of MCM-41 material [39,41].

Intensity (a.u.)

2 Theta (degree)

Figure 3: X-ray diffraction patterns of MCM-41.

Table 3 documented the findings from measuring the Brunauer—Emmett—Teller surface area, volume of pore, and
pore size of MCM-41 mesoporous additives. The MCM-41 material has a significantly huge surface area of (966
m2/g). Utilising the CTAB cationic surfactant as an activating agent facilitates the generation of additional pores
and the enlargement of pre-existing pores. The MCM-41 material exhibits a large pore volume of 0.91 cm3/g.

Table 3: Surface properties of pure MCM-41.

Specific area of surface

Volume Size of Pore
Adsorbent (BET) 3
(mzlg) (Cm /g) (nm)
MCM-41 996 0.91 3.0

The morphology of the mesoporous MCM-41 is investigated using Energy Dispersive X-ray Spectroscopy-
Scanning Electron Microscopy (EDX-SEM). The SEM image reveals that pure MCM-41 comprises smooth-
surfaced agglomeration spherical particles, as shown in Fig. 4a. These findings agree with the results obtained
from the previous work of Costa et al. [42]. The elemental composition of the MCM-41 is examined using EDX
fundamental analysis. The EDX graph shows that MCM-41 mainly consists of O, Si, and C—the wt% and atomic%
(Fig. 4b). The atomic ratio between O and Si is about 2:1. To acquire accurate wt% values for the compounds,
EDX graphs are created at various spots on the SEM images. No traces of other elements were found in the loaded
or modified samples because EDX is unreliable when only minimal elements are detected. Resulting from the area
over which EDX is performed might not be large enough to identify the presence of certain components. In
addition to the unequal distribution of components, EDX may be ineffective.
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Figure 4: a) illustrates SEM image at 15,000 magnification and b) EDX analysis of elements for MCM-
41which prepared at 110 °C and atmospheric pressure for 96 hours.

A Fourier-transform infrared (FTIR) spectrometer is employed to determine the functional group on the surface
of produced MCM-41. Fig. 5 illustrates the infrared spectra obtained for MCM-41. The observed bands at 424.34,
447.49, 443.63, 806.25, 869.41, 1072.42, and 1087.85 cm-1 could be attributed to symmetric as well as asymmetric
stretching vibrations of the Si—O-Si bonds. These vibrations indicate the formation of a condensed mesoporous
silica system [43-45]. The band at (968.27 cm-1) is related to the (Si—O) stretching vibration of (Si-OH) within
the MCM-41 framework. The existence of adsorbed molecules of water is responsible for the appearance of the
1647 cm-1 band, which can be related to the bending vibration of these molecules. A significant level of absorption
is noticed at a wavenumber of (3614.60 cm-1) which is attributed to the presence of unbound (Si-OH). Also, the
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band at (3595.31 cm-1) is determined to originate from (hydrogen-bonded) Si-OH groups to physically adsorbed
H>O molecules [43,45]. The types of bands are displayed in Table 4.

Table 4: Summarized the functional groups on the surface of produced MCM-41 with the type of their bands.

Absorption (cm™) Group Appearance
3614 Si-OH Medium,
stretching sharp
1512 O-H strong
stretching
1072 Si-O-Si Strong,
stretching broad
964 Si-O strong
bending
806 C-C Medium
bending
100
80
<
E
8 60
c
- |
= © ‘
20 v
<
N
g
0
400 900 1400 1900 2400 2900 3400 3900

Wavenumber (cm)

Figure 5: The infrared spectra obtained for MCM-41which prepared at 110 °C and atmospheric pressure for 96
hours.

5. Effect of Reaction Conditions on Biodiesel Produced

Various factors influence the study of the reaction conditions trans-esterification reaction for sunflower oil with
alcohol (methanol) in a batch reactor with the heterogeneous prepared MCM-41 Nano catalyst were investigated,
such as time of reaction, temperature of the reaction, catalyst loading, and molar ratio of (methanol to sunflower
oil). The prepared catalyst activity was compared under optimised conditions derived from experimental results.

Subsequently, the stability of the prepared catalyst was assessed through catalyst reuse in transesterification
reactions.
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5.1 Effect of Reaction Time

The time of reaction and the catalyst type have an impact on the time-dependent fluctuations in biodiesel yield,
although the molar ratio of (methanol/ oil) remains constant. Fig. 6 represents the trends of the reaction time effect.
For instance, with an MCM-41 to sunflower oil ratio of 1.25 wt% and a Methanol: Oil molar ratio of 9:1, the
reaction temperatures at (40, 50, and 60 °C) were investigated in a batch reactor. The biodiesel yield progressively
increases throughout the reaction duration until reaching peak conversion within 60 minutes at a reaction
temperature of (60 °C). This observation suggests that at a particular time and temperature, the catalyst and
conditions of reaction used in an experiment are favourable for converting sunflower seed oil into biodiesel.

5.2 Effect of Reaction Temperature

Reaction rates are temperature-dependent functions by Arrhenius's equation. Hence, the temperature of the
reaction plays a vital function in the kinetics of reactions. Because methanol and sunflower oil transesterify in the
liquid phase, the temperature of the reaction should not exceed methanol's boiling point of (64°C) at atmospheric
pressure. The biodiesel yield with time at various temperatures is displayed in Fig. 6 Using constant amounts of
both methanol/oil molar ratios equal to (9:1) and 1.25wt% MCM-41 catalyst regarding sunflower oil at 40, 50,
and 60 °C at times ranging from 10 to 80 minutes. The initial conditions in the batch reactor were selected based
on recommendations from many researchers cited in a literature review [46,47].

40 @ T=40°C —
@T=50°C N N _
O T=60°C
30 ] - — ]
O\O N—
K=
2 20 =
>
10
0 10 20 30 40 50 60 70 80
Time (min)

Figure 6: Effects of reaction temperature on yield of biodiesel usingl1.25 wt% of MCM-41 concerning
sunflower oil, 9:1 methanol to sunflower oil Molar Ratio at different times.

As depicted in Fig. 6, a significant correlation between biodiesel yield, and temperature, demonstrating an increase
with higher temperatures. For instance, at 40°C, the biodiesel yield reaches approximately 25% after 50 minutes,
while at 60°C, the yield rises to about 40% within the same timeframe. This observed trend is consistent with
predictions, as increasing temperatures enhance molecular activity, providing more energy for molecules to
overcome reaction barriers and facilitate reactions following the collision theory [48].

Another contributing factor is decreased reactant viscosity with rising temperatures, promoting enhanced molecule
diffusion through catalyst pores. Fig. 6 illustrates that, within the initial 60 minutes across the different
temperatures, the reaction predominantly occurs at the catalyst's active sites. Subsequently, the yield increased
until approximately 70 minutes, after which biodiesel yield diminished due to MCM-41 deactivation. This
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deactivation is attributed to water molecule clustering within the catalyst pores, influenced by the hydrophilic
nature of MCM, intensifying the reverse reaction and reducing conversion [47,49]. The peak yield at 60°C is
attained after 60 minutes, indicative of reaching equilibrium quickly, while the maximum yield at 40°C is achieved
after 70 minutes. This discrepancy can be explained by the rapid reaction at 60°C causing early catalyst
deactivation, whereas the slower reaction at 40°C delays catalyst deactivation.

5.3 Effect of methanol/Oil Molar Ratio

The transesterification process of sunflower seed oil with alcohol (methanol) is a reverse process that occurs at a
molar ratio of 3:1 between the two substances. Since the reaction is reversible, an excess amount of alcohol
(methanol) is used to shift the reaction's equilibrium in the direction of product formation. As shown in Fig. 7,
three methanol/oil molar ratios6:1, 9:1, and 12:1, were employed in transesterification reactions with a constant
concentration of 1.25 weight per cent catalyst at (60°C) for different times (10 to 80 min) in a batch reactor.

50 @ 6:1 methanol to oil
@ 9:1 methanol to oil - -
12:1 methanol to oil [ —

40 (] methanol to oi | .
S 30 N
g
> _— _—

20 — [

10

0 [ f
0 10 20 30 40 50 60 70 80
Time (min)

Figure 7: Effects of methanol on sunflower oil Molar Ratio on yield of biodiesel using 1.25 wt% of MCM-41
concerning sunflower oil and (60°C ) of temperature at different times.

Fig. 7 illustrates a notable enhancement in biodiesel yield as the molar ratio of methanol to sunflower oil increases
from (6:1 to 12:1). Specifically, after 60 minutes, the yield shows a substantial rise from 24% at a 6:1 ratio to 45%
at a 12:1 ratio. However, a further increase in the molar ratio (from 9:1 to 12:1) did not significantly improve.
Therefore, the optimal ratio for this parameter appears to be 9:1 methanol to sunflower oil. This finding aligns
with various studies by Kumar et al. [50], Yin et al. [51], Mohod et al. [52], and Mohan et al. [53]. Determining
the reactive medium's viscosity is another factor affecting the transesterification reaction. a mixture of methanol
and oil becomes less viscous as the methanol-to-oil ratio rises because methanol has a lower viscosity than
sunflower oil. As a result, at low methanol-to-oil ratios or high viscosities, a diffusion process was seen as a
limiting process toward MCM-41 particles in the mixture [54].

5.4 Effect of catalyst dose

Sunflower oil was transesterified with methanol using various weight percentages of the MCM-41 catalyst to
evaluate the catalyst's activity. Reactions were carried out with a constant methanol/ oil molar ratio (9:1) and at a
constant temperature of (60°C). The effects of various weight percent ratios of MCM-41 to oil of 0.7%, 0.9%, and
1.25% wt% on the transesterification reaction are shown in Fig. 8. The transesterification process of sunflower oil
shows a direct correlation to the percentage of catalyst loading MCM-41. This correlation is anticipated as a higher

10
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catalyst amount provides a huge surface area as well as more active sites for the transesterification reaction to
occur. Consequently, the maximum yield is achieved when the maximum amount of catalyst is loaded, i.e., at
1.25% loading, resulting in a yield of approximately 43% after 60 minutes.

50 @ 0.7% wt of MCM-41
@0.9% wt of MCM-41
40 01.25% wt of MCM-41 N ] __
X - ] __
K] 30 __
()]
= — __
20 — _ |
) | !_m ‘ ‘
0
0 10 20 30 40 50 60 70 80
Time (min)

Figure 8: Effects of catalyst dose on yield of biodiesel using 9:1 methanol to sunflower oil Molar Ratio and
(60°C) of temperature at different times.

In heterogeneous transesterification, an increase in catalyst loading boosts the number of particles for the catalyst
as well as active sites, improving triglycerides' (TG) and alcohols' accessibility to the catalyst's surface. However,
because there is less interstitial space between triglycerides (TG) and (alcohol molecules) when the catalyst loading
is exceeded, biodiesel conversion or yield may be negatively or hardly affected [55]. An excess catalyst beyond
the optimum value can also form an emulsion layer, complicating biodiesel separation [56]. The impact of catalyst
concentration on the yield of reaction indicates that loading excessive catalyst amounts can lead to soap formation,
limiting the conversion of (TG) to esters [57]. Consequently, insufficient catalyst loading can result in
unsatisfactory biodiesel yield and higher production costs. Thus, determining the ideal amount of catalyst is
essential for effectively converting triglycerides into fatty acid methyl esters (FAME) [58].

6. Effect of Catalyst Reusability on Biodiesel Yield

The ability to recycle heterogeneous catalysts is a major benefit compared to homogeneous ones. The synthesized
MCM-41's reusability was assessed under ideal circumstances, which included (60°C), a (9:1) methanol/ oil molar-
ratio, and 1.25wt% of MCM-41 for a single transesterification cycle. The solid catalyst was filtered to separate
from the reaction mixture after the transesterification reaction. The techniques used for recovering the wasted
catalyst from the reaction products were filtration and regeneration. The catalyst undergoes regeneration by
washing with cyclohexane for 1 hour, stirring at (100°C), followed by a drying step at (120 °C). Post-regeneration,
the catalyst is then reactivated and will be ready for reuse [38]. The regenerated solid catalyst was combined with
precise quantities of fresh sunflower oil and methanol, identical to those used in the initial cycle, for additional
recycling. The results of the recycling tests conducted on the reused catalyst over 80 minutes are shown in Fig. 9.

11
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Figure 9: Regeneration catalytic behavior for 10%Ba/20%KOH@MCM-41 regenerated catalysts yield of
biodiesel using 9:1 methanol to sunflower oil Molar Ratio, and 1.25 wt% of a catalyst for sunflower oil at 60°C
of reaction temperature.

After regenerating the catalyst, biodiesel fuel production decreased compared to the production levels before
regeneration. After regeneration, the maximum biodiesel yield was (25% after 60 minutes) and decreased as the
reaction time increased. Reusing the catalyst after activation in transesterification processes for sunflower oil to
produce biodiesel multiple times presents significant economic benefits by reducing the cost of employing
completely novel and expensive catalysts. It can be inferred that extended reaction times hurt these sites' activity,
occasionally producing an increase in glycerol formation by lowering the expenses associated with using entirely
new and costly catalysts.

7. Testing Components and Properties of Biodiesel

7.1 GC-MS Chromatogram Analysis

Chromatography analysis is a versatile tool that can be used to identify a specific substance in biodiesel samples,
including pollutants as well as methyl esters of fatty acids. In recent biodiesel quality control analysis, GC-MS is
essential. As a result, it has broad applicability in the analysis of biodiesel composition [59]. In Biodiesel Testing
Instrument Conditions; Analytical Column: Agilent HP-5ms Ultra Lite (30 m length x 250 pum inner diameter x
0.25 pm film thickness) Gas Chromatograph: Agilent (7820A) USA GC Mass Spectrometer VVolume of injection
(1) 1 GC pressure of 11.933 psi Line of Inlet Aux heater temperature: (250 °C ); carrier temperature: 300 °C as
well as Gas: 99.99% He Temperature of Injector: 250 °C Range of Scan: m/z 25-1000 Type of Injection: Splitless
Oven Program: 16°C Limit 1 to 60 °C for three minutes. Ascend two from (60 to 180) °C at 7 °C/min Elevation
3: (180 to 280) °C at 8°C/min 280°C ramp four hold for three minutes. Throughout the methyl transesterification
process, MCM-41 transforms the components of sunflower oil that are produced into components of biodiesel.
Linoleic acid and methyl ester (C17H340-, 25.93%) are the primary components of the biodiesel product, according
to MCM-41.

The second largest component is the methyl ester of palmitate acid (C1sH3402, 21.92%), followed by (CigHs3505,

16.21%). The biodiesel samples were synthesized from sunflower oil using GCMS analysis. The computation
results for the different FAME concentrations are displayed in Table 5.
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Table 5: methyl esters' concentration has been identified by an analysis using GC-MS.

No. R.T (min) Area Chemical FAME M.W
Percentage Formula
1 16.662 2.01 C17H3402 C17:0 270
2 19.131 21.92 Ci3H340; C18:1 282.5
3 21.691 25.93 Ci7H3402 C17:0 270
4 21.905 10.87 Ci9H3602 C19:1 296.5
5 22.065 16.21 Ci9H330; C19:0 298.5
6 24.121 11.62 Ci3H340; C18:1 282.5
others 5.44

7.2 Physical with Chemical Characteristics of Biodiesel

Characteristics for biodiesel generated from sunflower oil have been revealed by measuring its kinematic viscosity,
flash point, specific gravity, calorific value, and acid number—all critical factors for evaluating fuel efficiency.
These measures aim to assess the physical attributes and quality of the locally generated biodiesel and compare it
with the global standard qualities of diesel production. Table 6 provides an example of these characteristics, and
the findings demonstrate the high level of convergence between fuel characteristics created in laboratories and
fuels produced worldwide.

Table 6: Characteristics of biodiesel which produced from sunflower oil.

Properties Units Test method Min.  Max. biodiesel value obtained
limit limit  from the current study

Kinematic viscosity in 27  mm?/sec STM D-6751[60] 19 6 4.879, ASTM D-7042

°C

Specific gravity at 15°C - EN-BD: EN 086 0.9 0.90, ASTM D-7042
14214[61]

Flash point °C STM D-6751[60] 55 130 93, ASTM D-6450

Calorific value (MJ/kg) EN14213[62] 30 35 41.96, ASTM D-240

Acid value Milligrams of STM D-6751[60] 0.5 1 0.5

KOH/gram of oil

8. Conclusion

The investigation concluded that the MCM-41 catalyst synthesized in a lab and prepared by the sol-gel method
should be used to catalyse reactions, especially the transesterification of sunflower oil. After an hour, this yielded
a 45%. Higher reaction temperatures, larger catalyst doses, and longer reaction periods were found to increase the
yields of reaction products positively. The study also optimized the temperature, methanol/oil molar ratio, catalyst
dose, and reaction time. A drop in catalytic efficiency was consequently brought on by extended reaction periods
exceeding two hours. The results showed that (9:1) methanol/oil molar ratio and (1.25%) for catalyst dose at 60°C
with an 800-rpm agitation speed would yield the maximum amount of biodiesel. The results show that the pure
mesoporous MCM-41 silica is inactive due to its very weak acidity. The physical characteristics of biodiesel
derived from sunflower oils were investigated as well as compared with the conventional fuel production
processes. Comparative results confirmed that the biodiesel fuel generated was sufficient to be utilized as a
substitute fuel source. Heterogeneous (solid catalyst) was successfully isolated from products, reactivated, and
utilized in later procedures to create biodiesel with a good yield. As this study demonstrates, this helps lower the
process's overall economic cost.
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