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Introduction: In the current study, Lepidium apetalum oil (LAO) was identified
as a novel source of feedstock for the production of methyl esters. The study
aimed to find out the conversion rate of Lepidium apetalum seed oil into methyl
esters using different variables, to get the most amounts possible.

Methods: In general, the novel sulfur doped nano-photocatalyst was
synthesized and used in the most efficient way possible. Oil to methanol molar
ratio, catalyst concentration and reaction temperature, were all used as variables.

Results: The best yield Obtained was 92 percent Using 0.5 gm sulfur doped
nano-photocatalyst, a temperature of 60°C, and a 1:6 molar ratio of oil
to methanol.

Discussion: The methyl esters were characterized using GCMS, NMR, and
Atomic Absorption Spectrum analytical techniques for structural and chemical
analysis. The Color, density, flash point, cloud point, kinematic viscosity, sulfur
content, pour point, and acid number of Lepidium apetalum methyl esters
(LAMEs) were calculated and compared to ASTM standards.

energy crop Lepidium apetalum, non-edible seed oil, LAMEs, sulfur doped nano-
photocatalyst, analytical studies

1 Introduction

Because of rapid population and industrial growth in developing countries, global
energy demand is projected to rise. Natural oil, coal, and natural gas are actually the most
important energy options for meeting energy demand. The International Energy Agency’s
statistical data also shows that traditional energy resources, such as fossil fuels, account
for roughly 80% of total primary energy supply (Rizwanul Fattah et al., 20205 Passoth and
Sandgren, 2019; Alavijeh et al., 2020).

Traditional energy sources are seen as important drivers of economic growth, but
they are harmful to human health and the climate. A dramatic increase in greenhouse
gas levels has resulted in the continued rise in fossil fuel consumption in the earth’s
atmosphere over the last century. The depletion of natural energy supplies and the
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volatility of the oil market rekindled society’s interest in finding
alternative fuels. In such conditions, our reliance on petro-carbon
would not only result in a rise in environmental pollution, but also
in a rapid increase in energy costs and foreign fuel price uncertainty.

Fossil, nuclear, and fissile fuels are the three main energy
sources. Coal, Natural gas, oil shale, petroleum, and tar sands are
some of the examples of fossil fuel sources. Wind, Biomass, solar,
hydropower, and geothermal are all recorded sources of renewable
energy. The fissile fuel sources are thorium and uranium which are
well recognized. Since fossil fuels are rapidly depleting, we urgently
need to find alternative energy sources to meet demand. Biodiesel is
gaining interest as a possible substitute fuel (Moses et al., 2019).

Lepidium apetalum, also known as Pepper Cress or Lepidium
ruderalectau, belongs to the Brassicaceae family (Raza et al., 2020).
It comes from Europe originally, although it can be found all over the
world in temperate climates. It grows up to 0.3 m (1 foot) tall and can
be found at elevations of 400-4,800 m along hills, roadsides, ravines,
waste sites, fields, and plains. Lepidium apetalum is a branched plant
with minute hairs that can be glabrous or sparsely hairy. Uppermost
leaves are linear or sub-entire, with short or narrow lobes on the
basal and lower leaves. All leaves can be linear, short-lobed, or
toothed in some cases. Almost every member of the family has a
cruciform corolla, six stamens in a tetradynamous design and 20-30
flowering racemes of tiny white flowers. The flowers of Lepidium
apetalum are hermaphrodite, meaning they have both male and
female organs. They bloom from April to August. Reddish brown
seeds of the Lepidium plant are used for oil extraction, which ripen
between May and September. The seed fatty oil content is 40%,
and it is renowned for being rich in unsaturated fatty acids (up to
70%) (Raza et al., 2020; Bhatia et al., 2020; Pattanaik et al., 2019;
Al-Shehbaz et al., 2006; Jafri, 2015).

Currently, one solution is to find new biofuel feedstocks quickly,
while another is to use new nano-catalyst to improve the performance
of fatty acid methyl esters. Nano-catalysts have recently become more
common as a result of their use in a variety of industries. Because
of their large surface area and inability to use surface energy, base-
catalysts are not suitable for catalysis. As a result of its influential
catalytic operations, photo-catalyst has captivated the modern age.
When two metalsarealloyed, the catalyticactivities of the photocatalyst
are extremely strong. Because of the synergic influence of two metals,
the combination of two metals took on a new characteristic. For the
present study, sulfur-dope photo-catalyst was made in biofuel lab at
Quaid-i-Azam University, Islamabad and National Centre for Physics,
Islamabad to bring a change in conventional transesterification
process by changing the nature of the catalyst. The stability and
activities of a sulfur doped nano-photocatalyst in the synthesis of
paper cress energy crop methyl esters were investigated in this
study. In the energy crop paper cress methyl esters development, the
novel nano-photocatalyst demonstrated optimum catalytic activities
(Nehdi et al., 2012; Youzhi et al., 2016).

For the development of methyl esters, paper cress oil is a new
source. Nehdi and co-workers, on the other hand, worked with
Lepidium sativum oil and converted it to biodiesel at a rate of
96.8% (Nehdi et al., 2012). This finding has prompted the selection
of Lepidium apetalum in order to determine its suitability for
biodiesel processing. Locals are familiar with paper cress oil, but
they are unaware of its biodiesel production potential. This energy
crop thrives in non-productive soil and in saline, waterlogged soil.
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Furthermore, it is a non-edible energy crop with no effect on food
security. In light of the above; the proposed energy crop appears to be
a reasonable option with a lot of potential in the bioenergy industry
(Pattanaik et al., 2019; Al-Shehbaz et al., 2006).

2 Materials and methods
2.1 Chemicals and reagents

In the present work, the chemicals and reagents used were
chloroform (CHCL3), glycerin jelly, hydrochloric acid (HCL),
isopropanol (C6H14), lactic acid (C3H603), nitric acid (HNO3),
Molecular sieve (Na,0.Al,05.25102.9/2H,0 gel), perchloric acid
(HCLO4) and oxylic acid (C2H204). Analytical grade chemicals
were used mainly in the experiments from Scharlau (Spain), Merk
(Germany), and Sigma-Aldrich (US) (USA).

2.2 Oil extraction analysis

The primary step in making methyl esters is extracting oil from
the feedstock source. Chemical and mechanical extraction methods
were employed in the current methodology. Deionized and warmed
water was used to wash the seed samples at 25°C to remove the
impurities and dust particles It is then dried at the room temperature
before oil extraction.

2.2.1 Mechanical oil extraction method

The dryseeds of the feedstock were washed thoroughly to eliminate
impurities before being used in the mechanical oil extraction process.
For oil extraction through mechanical means (KEK P0015, 10,127
Germany), the seeds were openly dried in the presence of sunlight and
then processed. Physically, 5 L of crude oil were obtained from 13 kg
of feedstock seeds after five rounds of continuous rotation.

2.2.2 Chemical oil extraction method

The oil expression in the feedstock is measured using the
chemical oil extraction process. 3-5 gm paper cress seeds were dried
in an oven at 60°C for 2-3 h. The dried seeds were crushed and
turned into powder by using simple mortar and pestle. In a thimble
of soxhlet, the powder was placed. A round bottom flask of soxhlet
was used to add 250 mL petroleum ether as a solvent and was heated
to 60°C. The solvent begins to boil, and the vapors come up into the
soxhlet column. The solvent vapors were concentrated and lowered
on the powder in the thimble by a condenser at the top of the
soxhlet. Pores of the thimble allow the seepage of the dissolved oil
contents to syphon tube and eventually into the round bottom flask.
This procedure was carried out for a total of 9 hours. The material’s
powder was then removed from the soxhlet and dried for 3 hours
at 60°C to evaporate the solvent. Oil content was calculated Using
Equation 1 (Al-Shehbaz et al., 2006; Jafri, 2015).

Oil contents Percentage: W4 = W3 + W1/W2 (1)

W1 = Weight of empty flask.

W2 = Sample powder + weight of empty flask.
W3 = Denotes the weight of sample.

W4 = Extraction oil weight.
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FIGURE 1
(a,b) Transesterification process under sunlight using photocatalyst.

2.3 Photocatalyst application status

In this method, with the presence of a new sulfur doped nano-
photocatalyst, triglycerides are converted to fatty acid methyl esters.

2.3.1 Preparation of sulfur doped titania
nano-photocatalyst

To prepare sulfur doped titania photocatalyst, 20 mL sulfuric
acid (H,SO,) was mixed in 100 mL water. Then 22 mL Titanium
Chloride (TiCl,) was dissolved in it by using a syringe. The solution
was stirred for 30 min. Then added 2000 mL distilled water (DI) for
dilution and kept for stirring to make solution 1. Then solution 2, i-e.,
3 M sodium hydroxide (NaOH) solution (120 g NaOH/L of distilled
water) was prepared to add this solution drop wise in solution one
through burette to obtain pH 4. Then washed with distilled water
for many times and dried it at 100°C for 4 hours. After sieving and
grinding the dried sample, we got 300 g TiO,.

2.3.2 Transesterification mechanism using sulfur
doped nano-photocatalyst

1 g of Nano-photocatalyst was mixed in 375 mL of methanol,
50 mL oil was applied to it, the solution was put in sunlight with
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FIGURE 2
Boiling of Samples for Elemental Analysis.

the aid of four mirrors that concentrated the most sunlight on
the solution, and the solution was fixed for stirring (Figure 1).
The solution was allowed to settle over night after a 1-h stirring
process.

2.4 Chemical and structural analysis of
LAMEs

The physico-chemical properties of methyl esters were
studied using existing protocols. The color, density, kinematic
viscosity, sulfur content, total acid number, flash point, pour
point, distillation recovery, cloud point, calorific value, cetane
number, and phosphorus content of prepared methyl esters were
all recorded and compared to high-speed diesel and ASTM
standards.

2.4.1 Elemental analysis of LAMEs using atomic
absorption spectrophotometer

For elemental analysis of the methyl esters the sample was
prepared as required. 25 mL of it was transferred to a conical flask.
Then added 10 mL HCL and 10 mL H,SO, to it and boiled until
the sample volume was reduced to 10 mL (Figure 2). Filtered the
solution with Whatmann filter paper, and then applied distilled
water to the sample to make it 25 mL in volume. The samples were
transferred into plastic tubes (Figure 3) and the elemental analysis
protocol was followed.

2.4.2 Lepidium apetalum methyl esters analysis
using GC/MS machine

The chemical composition of prepared methyl esters was
investigated using the GC-MS technique. A 1 mL sample of refined
methyl esters was injected into a GC-MS model QP 2010 ultra
(Shimadzu, Japan) using an external standard process with hexane
as the solvent. Helium gas served as a vector. The temperature of the
column was set at 50°C-300°C. Both the detector and injector were
heated to 250°C.
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2.4.3 NMR analysis
The LAMEs sample’s 'H and '*C NMR data were collected in
deuterated chloroform with tetramethylsilane as a norm.

2.4.4 Physico-chemical properties of LAMEs

LAME fuel properties were quantitatively calculated and
compared to ASTM requirements at Pakistan State Oil, Rawalpindi.
Flash point (°C), Color, Density @ 15°C kg/L, Pour point °C, Cloud
point °C, Sulfur percentage by weight, total acid number (mg
KOH/gm) of methyl esters and Kinematic viscosity @ 40°C, were
calculated using ASTM D-1500, D-93, D-1298, D-445, D-97, D-
2500, D-4294.

3 Results and discussion
3.1 Lepidium seeds oil extraction

3.1.1 Mechanical oil extraction method

This technique is suitable for processing large volumes of
oil. The feedstock seeds were thoroughly washed to eliminate
impurities prior to mechanical oil extraction. The seeds were sun-
dried before being put in an oil expeller (KEK P0015, 10,127,
Germany). More than 5L of crude oil were extracted from 30 kg
of feedstock after five rounds of continuous rotation. The extracted
oil was filtered and stored in a glass jar for further processing
(Jafti, 2015).

3.1.2 Chemical oil extraction method

To assess the oil content in dried paper cress seeds, a
chemical oil extraction method was used with a soxhlet
apparatus. Oil content was discovered to be 31.32 percent.

This was higher than the 26.77 percent observed by
Nehdi etal. in the same Lepidium genus but separate
species Lepidium sativam (Pattanaik et al, 2019; Al-

Shehbaz et al., 2006).

3.2 Quantitative assessment of LAMEs yield

The present study is the first to use popular paper cress as
a novel source for the development of methyl esters through
the transesterification mechanism. GC/MS experiments confirmed
that the methyl esters were synthesized, namely, Methyl alcohol,
9,12-octadecanoic acid, Cyclopropanebutanoic acid methyl aster,
Methyl stearate octadeconoic acid methyl ester, Ecosanoic acid
methyl ester, Cis-10-Heptadecanoic acid methyl ester, Cis-11-
Ecosenoic acid methyl ester, and Cyclopropaneoctanoic acid 2-octyl
metyl ester.

3.2.1 Paper cress free fatty acid contents

Free fatty acid (FFA) content in the crude oil must be
determined before methyl esters can be synthesized. As a
result, the FFA content of LAO was calculated and found to
be 0.17 percent. LAOs low FFA content allowed for direct
transesterification without acid pretreatment to produce methyl
esters (Jafri, 2015; Nehdi et al., 2012).
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FIGURE 3
Prepared samples for Elemental Analysis.

3.2.2 Transesterification mechanism via sulfur
doped titania nano-photocatalyst
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3.2.3 Preparation of sulfur doped titania
nano-photocatalyst

20 mL sulfuric acid was mixed with 100 mL water and setteled
to cool at room temperature. The dissolved 22 mL Titanium chloride
was stirred in the solution for 30 min. For dilution, I added 2000 mL
distilled water and held it for stirring. This was the first solution.
Solution # 2, which was prepared as a 3 M sodium hydroxide
solution (120 g NaOH/L of distilled water), was applied drop by
drop to solution #1 to achieve a pH of 4. It was washed with
distilled water several times and then dried at 100°C. Finally, after
grinding and sieving the dried sample into powder form, 300 gm
TiO, was obtained. The sample was calcined by placing it in a 500°C
furnace for more than 3 h. Ksibi et al. synthesized nitrogen and
sulfur-doped TiO, photocatalyst, as well as studying their behavior
under near visible light and strong characterization. For the first
time, Yu etal. show that sulfur doped TiO, has bacterial effects
on Micrococcus lylae in water under visible light (Ksibi et al., 2008;
Yu et al., 2005).

3.2.4 X-ray diffraction (XRD) characterization

To analyze the crystalline phase of the powder that formed
after the calcinations, Dust X-ray diffraction was used. Figure 4
shows high peaks at two theta () angles 18.9, 19, 25.6, 27.5,
32, 34, 38, 46, and 49. These peaks were matched to the Gao
etal. XRD pattern (Figure 5) as a regular XRD pattern of sulfur
doped TiO, nano-photocatalyst and corrected the recognition of the
engineered catalyst (Gao et al., 2011).

frontiersin.org


https://doi.org/10.3389/fenrg.2025.1412246
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org

Nagqvi et al. 10.3389/fenrg.2025.1412246
_: § PCraw
o
oo
400

Intensity / a.u.

i

40 50
2Theta (Coupled TwoTheta/Theta) WL=1.54060
FIGURE 4
XRD Pattern of Synthesized Sulfur Doped TiO, Photocatalyst.
A
)
R A R A R
«)

L. I (b)

P

A Anatase phase
A A R — Rutile phase I (a)

10 20 30

FIGURE 5

40
207 (%)

Sulfur doped TiO, photocatalyst standard XRD pattern at (c) (Gao et al., 2011).

50 60 70

3.2.5 Transesterification mechanism

In 375 mL of methanol, 1 g of synthesized nano-photocatalyst
was mixed and stirred for 30 min. In addition, 50 mL oil
was added, and the solution was put in sunlight with the
aid of four mirrors that focused the most sunlight on the
solution, and the solution was held for stirring. A thermometer
was placed next to the solution to record the temperature
at the time, which was 35°C. The solution was allowed to
settle overnight after 1hour of stirring. The results were very
promising, yielding 87 percent biodiesel in a very short period
of time (Figure 6) without causing any temperature under normal
atmospheric pressure (Table 1).
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3.3 Chemical analysis

3.3.1 GC/MS analysis

Chemical composition of the LAMEs sample was investigated
using the GC/MS technique. In this study, Different fatty acid methyl
esters exhibited different peaks. Every single peak in the GC/MS
chromatogram reflects a fatty acid methyl ester and was detected via
library match software (NO. NIST11). Retention time data were used
to classify various fatty acid methyl esters, which were analyzed and
validated by mass spectrometric analysis (Shah et al., 2014).

In the methyl esters study, eight different peaks of different
kinds of fatty acid methyl esters were observed (Figure 7). The
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FIGURE 6
Biodiesel Production through Transesterification Process using Sulfur

Doped Photocatalyst.

experiment was conducted for 40 min at 300°C with helium as the
carrier gas. Methyl alcohol (CH;OH) was found at peak number
1, followed by 9,12-octadecanoic acid (C,oH;,0,) at peak number
2, cyclopropanebutanoic acid, and methyl aster (C,5H,,0,) at
peak number 3, Methyl stearate octadeconoic acid, methyl ester
(C19H;350,) at peak number 4, Cis-11-Ecosenoic acid, methyl ester
(C,1Hy0,) at peak number 5, Cis-10-Heptadecanoic acid, methyl
ester (C, H;30,) at peak number 6, Ecosanoic acid, methyl ester
(C,1H,,0,) at peak number 7, Cyclopropaneoctanoic acid 2-octyl,
methyl ester (C,,H;30,) at peak number 8as shown in Table 2.

Different researchers detected the fatty acid methyl esters
described above in various types of biodiesel samples. By using
efficient acid-catalyzed transesterification for biodiesel processing,
Miao etal. discovered 9-Octadecanoic acid methyl ester. By
looking into high quality biodiesel production from Chlorella
protothecoides, Hu et al. discovered eicosanoic and 9-Octadecanoic
acid methyl ester. Diyauddeen etal. investigated the existence
of Cis-11-Ecosanoic acid methyl esters while experimenting on
Jatropha curcus. Similarly, Cis-11-Ecosanoic acid methyl esters
were discovered in Jatropha curcus biodiesel by Becker and Moser.
Pratas et al. studied the densities and viscosities of minority fatty
acid methyl and ethyl esters found in biodiesel and discovered
Docosanoic acid methyl esters in the study. Eicosanoic acid methyl
ester was used in biodiesel made from Pongamia pinnata, according
to Karmee and Chadha. The methyl ester of hexadecanoic acid
was discovered in restaurant waste lipids by Canakci (Miao et al.,
2009; Hu et al,, 2011; Diya'uddeen et al., 2012; Moser et al., 2009;
Cheng et al., 2009; Anwar et al., 2010; Pratas et al., 2011; Karmee
and Chadha, 2005; Canakci, 2007).

3.3.2 °C NMR studies

In deuterated chloroform, proton and 13C NMR data were
collected with tetramethylsilane as a reference. The biodiesel
was successfully synthesized, as demonstrated by the *C
NMR spectrum (Figure 8). The tasks for the following peaks are
as follows. The carbonyl carbons in biodiesel peaked at 173.2 ppm
and 172.8 ppm. The other peaks at 68.8-62.0 ppm may be due to the
presence of methoxy and ethoxy carbons. Different aliphatic carbons
in the sample trigger the peaks between 25.6 ppm and 34.1 ppm.
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The presence of an aromatic ring somewhere in the structure is also
suggested by one or two peaks about 120 ppm. These results were
very similar to those of the GC-MS study.

3.3.3 'H NMR studies

'H NMR may also be used to determine how much vegetable oil
is converted to methyl esters during the transesterification process.
In methyl esters, the relative signals chosen from integration were
those of the methoxy group, aliphatic and aromatic protons. The
existence of aliphatic protons is confirmed by peaks at 0.8-2.8 ppm.
The presence of methoxy protons is estimated at 4.13-4.34 ppm.
Peaks of 5-6 ppm indicate the existence of an NH group or an
olefinic proton. Peaks 7-8 ppm (Figure 9) suggest the presence of
aromatic protons, and these results are consistent with '*C NMR
(Knothe, 2000; Knothe, 2005).

3.3.4 Comparative analysis of metals in LAMEs

Awareness of the trace elements present in biodiesel is
critical because they can affect engine performance, because
of environmental pollution, and cause engine corrosion. As a
consequence, a biodiesel sample with a large concentration of these
elements is often undesirable. Sodium (Na), potassium (K), and
phosphorus (P) are the elements that must be regulated in biodiesel
since they are primarily extracted from raw materials. Copper and
iron, in particular, increase the formation of gum in biodiesel. Heavy
metals released by vehicles, such as lead, are the primary cause of
lead deposition in humans (Ruan et al., 2008; Ahn et al., 1995; Ma
and Hanna, 1999).

The elemental analysis of biodiesel made by transesterification
of LAO using nano-catalyst was tested in this report. The atomic
absorption spectrum method was used to measure the concentration
of elements K, Na, Mg, Ca, Fe, Ni, and Pb in the sample, which was
then compared to high-speed diesel. The AAS results showed that
the sample had lower concentrations of all of the above-mentioned
elements than high-speed diesel, as shown in Table 3. This finding
strongly indicates that LAMEs are a better alternative to mineral
diesel, as well as being substantially less pollutant and toxic (Ullah
and Bano, 2011).

3.4 Physico-chemical properties of LAMEs

The quantitative properties of LAMEs were calculated and
compared to ASTM standards. Flash point (°C), Color, Density
@ 15°C kg/L, Pour point °C, Kinematic viscosity @ 40°C, Sulfur
percentage by weight, Cloud point °C and Total Acid number (mg
KOH/gm) of biodiesel were calculated using ASTM D-1500, 93,
1,298, 445, 97, 2500, 4,294, and 974, respectively.

3.4.1 Flash point

When a fuel is exposed to a flame, its flash point is the
temperature at which it will ignite. It is a calculation of a substance’s
proclivity to form flammable mixtures in the presence of air. The
flash point is an important parameter in practice. When it comes
to transportation, handling, and storage, a high flash point is
considered secure. The flash point of rubber seed oil was measured at
120°C. Using the ASTM D-93 testing process, Karmee and Chadha
found that Pongamia FAME has a flash point of 150°C. As shown in
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TABLE 1 Transesterification Process Findings using Sulfur Doped TiO, Photocatalyst.

Crude oil (mL) Catalyst type Oil: Methanol Catalyst LAMEs yield (%) | Glycerin (%)
No. molar ratio concentration
(gm)
1 50 Sulfur Doped 1.7 1 87% 13
Photocatalyst
(x100.000)
{T1IC
5.0 ™~
2.5+ \J
: 1
1 o™ O s
iy e e Y o ek
10 20 30 40
FIGURE 7
Eight Peaks of FAMEs Obtained through GC/MS Analysis using Photocatalyst as a Catalyst in Biodiesel Production.

TABLE 2 Reported FAMEs and their Retention Time in LAMEs using Sulfur Doped Photocatalyst.

Peaks Identified FAME compounds Formula of FAMEs Retention time
1 Methyl alcohol (CH;0H) 1.0
2 9,12-octadecanoic acid (C1oH3,0,) 32.0
3 Cyclopropane butanoic acid, methyl aster (CysH,0,) 35.6
4 Methyl stearate octadeconoic acid, methyl ester (C1oH;350,) 358
5 Cis-11-Ecosenoic acid, methyl ester (C,,Hy0,) 37.5
6 Cis-10-Heptadecanoic acid, methyl ester (C,0H;350,) 37.7
7 Ecosanoic acid, methyl ester (C,,H,,0,) 40.8
8 Cyclopropane octanoic acid 2-octyl, methyl ester (C,0H;350,) 412

Table 4, LAMEs have a flash point of 93°C, which is within the range
of ASTM D-93 specifications, making it a safer fuel to handle. The
flash point of high-speed diesel was between 60 and 80°C (Karmee
and Chadha, 2005; Demirbas, 2003).

3.4.2 Density

When it comes to assessing the consistency of biodiesel, density
is the key. Denser oils have more energy in them. Sesame oil biodiesel
had a density of 0.871. A similar collection of findings was presented.
They discovered that rice bran oil has a density of 0.877. The density
of Sinapis alba oil biodiesel was discovered to be 0.872. LAMEs have
a density of 0.832 at 15°C (Table 4), while high-speed diesel has a
density of 0.834. This demonstrates that LAMEs have a lower density
than high-speed diesel (Demirbag, 2003; Ahmad et al., 2011).
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3.4.3 Kinematic viscosity

Kinematic viscosity is a metric that measures how sticky a fuel
is. Since low viscosity values in diesel can impair engine lubrication,
biodiesel viscosity should be measured according to international
testing standards. Morshad etal. discovered that the rubber oil
biodiesel had a kinematic viscosity of 4.5 at 40°C, which was higher
than the high-speed diesel value of 4.223. The sesame oil biodiesel
had a kinematic viscosity of 5.77, according to Ahmad et al. Sinapis
alba oil biodiesel had a kinematic viscosity of 5.45, which was higher
than the ASTM requirements. The existence of high molecular
weight compounds and large chemical structures may explain the
increased viscosity. LAMEs have a kinematic viscosity of 4.15, which
is exactly within ASTM requirements and lower than the high-speed
diesel value of 4.22 (Saka and &Kusdiana, 2001).
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FIGURE 8
13C NMR Spectrum of LAMEs.

3.4.4 Pour point and cloud point

The pour point and cloud point of a fuel are critical
characteristics. When the fuel is cooled under specified conditions,
the pour point is the lowest temperature at which it can flow,
and the cloud point is the temperature at which paraffin starts to
crystallise or detach from solution. Saka and Isayama developed
a new catalyst-free process for producing biodiesel with a pour
point of —16, which is similar to the pour point of high-speed
diesel, i.e., —15 to 16. Rice bran oil biodiesel had pour point and
cloud point values of —7 and 6, respectively. The cloud point
and pour point values in corn oil biodiesel were found to be
-2 and -16, respectively. Rocket seed oil has a pour point value
of three and a cloud point value of —15, according to Rashid
etal. LAMEs have a pour point of -8, which is below ASTM
requirements, while the cloud point is —13, which is marginally
higher than high-speed diesel (Saka and &Kusdiana, 2001;
Rashid et al., 2009).

3.4.5 Sulfur contents

We may assess the presence of sulfated ash in biodiesel by
igniting and burning it, then treating it with sulfuric acid. Fuel
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with low sulfur content is suitable for areas that are heavily
contaminated. According to Karmee and Chadha, the sulfated ash
content of Pongamia oil biodiesel was 0.005%, which was very
low by ASTM standards (0.2 percent). Rocket seed oil contained
0.05 percent sulfur, according to Rashid et al. Sesame oil biodiesel
contained 0.05 percent sulfur, according to the researchers. They
discovered that biodiesel made from corn oil contains 0.01 percent
sulfated ash. According to him, muskmelon seed oil biodiesel
contains 0.021 percent sulfur. In terms of sulfur content, biodiesel
outperforms high-speed diesel. Sulfur content in LAMEs was found
to be 0.0002 percent by weight, which is extremely low and
meets ASTM D-4294 requirements (Karmee and Chadha, 2005;
Rashid et al., 2013).

3.4.6 Acid value

It refers to the amount of free fatty acids in a fresh fuel sample.
For neutralizing 1 gm of fatty acid methyl esters, the acid value
is expressed as mg KOH/gm. An engine’s acid content should be
kept low. The maximum acid value for biodiesel, according to
ASTDM-D 664, is 0.5 mg NaOH/gm. The total acid amount of S.
alba oil biodiesel was 0.242 mg KOH/gm, according to researchers.
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1H NMR Spectrum of LAMEs.

TABLE 3 Concentration of elements (ug/g) in three LAMEs samples in comparison with high speed diesel.

S. No. Elements Base Catalyst Photocatalyst Lime Catalyst HSD
1 K 0.2492 0.1207 0.1144 213.3
2 Na 59.4553 56.1729 33.5126 868.3
3 Mg 6.3364 7.0475 5.8696 35.6
4 Ca 63364 7.0475 5.8696 214
5 Fe 1.965 3.138 3.603 228.3
6 Ni 0.2492 0.1207 0.1144 12.4
7 Pb 0328 0.24 0.221 115.6

Rashid et al. discovered that cotton seed oil has a total acid number
of 0.16 mg KOH/gm. Rashid et al. investigated the acid value of
0.45 mg KOH/gm from muskmelon seed oil in another study.
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According to the ASTM D-974 testing process, the acid value of
LAME:s was 0.17 mg KOH/gm, which is very low and makes LAMEs
suitableto use (Rashid et al., 2008).
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TABLE 4 Fuel properties Findings of Lepidium Apetalum Methyl Esters (LAMEs).

Fuel properties Testing method Results ASTM standards
Colour ASTM D-1500 2 2
Flash point (°C) ASTM D-93 93 60-100
Density @ 15°C kg/L ASTM D-1298 0.832 0.86-0.90
Kinematic viscosity @ 40°C ASTM D-445 4.15 1.9-6.0
Pour point °C ASTM D-97 -8 -15to0 16
Cloud point °C ASTM D-2500 -13 -3to 12
Sulfur % wt ASTM D-4294 0.0002 0.05
Total acid number (mg KOH/gm) ASTM D- 974 0.173 0.5

4 Conclusion

As the fossil fuels are depleting very fast, there is an urgent
need to do research on alternative fuel to meet the world’s
energy demands. One of the most environmentally friendly
options for meeting this energy demand is Biodiesel. A novel
photocatalyst was used to convert Lepedium apitalum oil into
Lepedium apitalum methyl esters in this analysis. Using sulfur
doped nano-photocatalyst, the best result was found to be 92.10
percent. In addition, different parameters affecting biodiesel yield
were investigated. Using 1:6 oil to methanol ratio at 60°C
and a 0.5gm doped nano-photocatalyst, the best results were
obtained. The LAMEs sample had fuel properties that were
compatible with ASTM requirements. The chemistry of LAMEs
was analyzed using various analytical techniques such as GC-
MS, 13C NMR, 1H NMR, and Atomic Absorption spectrum
(AAS), and the findings strongly indicate that Lapedium apitalum
is a possible non-edible feedstock for biodiesel production in
the future. Furthermore, this energy crop does not need a
lot of water to grow and is very cost-effective. The physico-
chemical nature of LAMEs indicates that it may be a bioenergy
hotspot.
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