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The identification of suitable non-edible plant feedstock is crucial not only to meet energy demands but also to be
environmentally friendly. This study aimed to synthesize nickel oxide (NiO) nanoparticles and use these for
synthesizing biodiesel from the non-edible feedstock Ailanthus altissima. The confirmation of NiO synthesis and
its characteristics were studied using XRD and SEM. The biodiesel synthesis and its physicochemical charac-
teristics were confirmed using GC-MS, NMR, and FT-IR spectroscopies. The fuel characteristics were examined
using ASTM standard procedures. The results confirmed that the nanoparticles were crystalline, spherical to
cuboidal in shape, and had an average diameter of 24 nm. The suitable set of parameters for the optimum
biodiesel yield (95 %) was the oil-to-methanol ratio of 1:24, 25 mg of catalyst, 60 °C temperature, and a reaction
time of 90 min. The majority of the fuel’s characteristics fell within ASTM D-6751 acceptable ranges. 14 distinct
kinds of FAME:s are present, according to the GC-MS results. The FT-IR spectra confirmed the successful synthesis
of biodiesel, which displayed significant peaks for several functional groups. 'H NMR and '3C NMR spectrums
confirm the conversion of biodiesel synthesis. The environmental friendliness of AAB (Ailanthus altissima bio-
diesel) and its competitiveness as a feedstock for biodiesel production on a commercial scale are confirmed by its
physicochemical properties.

1. Introduction

Many issues have emerged as a consequence of industrialization and
the continuing rise in the human population that need to be resolved.
These include environmental degradation, depletion of fossil resources,
and insufficient power supply. In addition to causing environmental
issues, including acid pollution, rain, and worse drought conditions due
to climate change, excessive fossil fuel usage also leads to the depletion
of fuel supplies. Biodiesel is one of the renewable energy sources which
is the most suitable alternative to petro-diesel (Suherman et al., 2023;

Osman et al., 2023). Given that the key challenges revolve around
conserving the environment and reducing the use of chemicals in fuel
production, developing eco-friendly technologies is essential for
meeting energy demands and surmounting these obstacles. Conse-
quently, there has been an increasing emphasis on exploring and
implementing alternative renewable energy sources, especially biomass
(Kour et al., 2019; Chen et al., 2023).

The global trend towards sustainable and renewable energy sources,
such as biodiesel, is gaining momentum as it has the potential to meet
Pakistan’s current and future energy needs. The growing disparity
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between the availability and demand of energy is causing Pakistan to
experience a serious economic crisis at the moment. The textile, small
and medium-sized business, and local transportation industries have
already reached a standstill due to the shortage of fuel and electricity.
Energy costs are also steadily increasing, and experts predict they will
peak by 2050. Moreover, Pakistan’s reliance on fossil fuels has led to the
import of over 8.1 million tonnes of fuel annually, costing nearly US$ 9.4
billion. Therefore, to ensure energy security and develop a sustainable
energy balance, it is essential to preserve and utilize renewable and
sustainable energy resources like biodiesel (Sebayang et al., 2023).

Vegetable seed oil is transesterified using methanol and a catalyst as
the principal technique for producing biodiesel (Asif et al., 2017). The
catalyst concentration, reaction temperature, and the proportion of oil
to methanol principally influence the transesterification process. Ho-
mogeneous catalysts are often used in biodiesel manufacturing on an
industrial basis (Dawood et al., 2021). Although they provide a higher
yield, the larger output is associated with various drawbacks such as
excessive methanol utilization (Guldhe et al., 2017), a prolonged
neutralization process, cleaning and drying of the biodiesel to remove
impurities, catalyst and glycerol. The heterogeneous catalysts for bio-
diesel synthesis are getting more attention due to their enormous po-
tential. It may streamline the manufacturing and purifying processes
and reduce wastewater generation, lowering manufacturing costs, pro-
cessing equipment, and environmental impacts (Dawood et al., 2021).

Biodiesel is often produced from non-edible oil sources, which may
be cultivated on abandoned land and won’t be utilized for human food.
To circumvent the controversy around the food problem, native non-
edible oils are acceptable as an alternative (Bokhari et al., 2019).
Some nations use indigenous non-edible oil sources from Karanja,
Rubber, Pongame, Peeluy, castor, and others to produce biodiesel. Non-
edible oil sources may significantly cut carbon emissions when used
for biodiesel production. The cultivation of several plant species that
produce non-edible oils has spread around the world. With low cost and
excellent yield, these plants can withstand harsh weather conditions
(Dawood et al., 2021). Many non-edible seed oils are suggested as
possible feedstocks to synthesize biodiesel, including Cannabis sativa,
Carthamus oxycantha, Jatropha curcus, Madhuca indica, Melia azadar-
achta, Pitachia chinensis, Pongammia pinnata Raphanus sativus, Ricinis
communis, and Xanthium sibricum and others (Asif et al., 2017a,b).

The Ailanthus altissima (Mill.) Swingle belongs to the family Simar-
oubaceae, which is endemic to East Asia and China (Dawood et al.,
2021). It belongs to the family Simaroubaceae and is a deciduous tree.
0Odd, 30-100 cm long, pinnately compound leaves are spirally arranged
on the branch of this plant. Each leaf has 10-40 leaflets that are 10-20
cm long. The lanceolate-shaped leaflets have two to four glandular teeth
on the margin and are rounded at the base. White diamond-shaped dots
or stripes cover the grey bark. Inflorescences with terminally placed
flowers vary in colour from yellow to red. The seeds are encased in sa-
maras ranging in colour from yellow to red and are very diverse in size,
weight, and thickness depending on the tree’s habitat. The seeds are
abundant, grouped in groups on trees, and commonly dispersed through
the wind. The roots are taproot, which is extensively branched and up to
27 m long. Depending on the geographical region and kind of environ-
ment it inhabits, the tree may reach heights of up to 18 to 30 m and can
live for an average of 50 years. The flowering maturity arrives at 3-5
years, and the highest seed production is attained at ages 12 to 20. The
height and age of the tree affect the number of seed production. An
eight-year-old tree may grow to a maximum of 325,000 samaras
distributed in 500 clusters. Depending on the season of harvesting and
sowing, the seed germination rate is from 64 % to 98 % (Sladonja et al.,
2015).

Ailanthus altissima has high ecological tolerance. While surviving a
broad variety of temperatures, it is considerably more suited to higher
temperatures seen in the temperate zone than lower ones. Due to
exposure to low temperatures, seedlings and saplings may not
completely grow or do so more slowly due to their high vulnerability to
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cold (Sladonja et al., 2015). It can withstand droughts and responds to
them in a variety of ways, such as by closing stomata, decreasing hy-
draulic conductivity in roots, and shifting food reserves from tap roots to
lateral roots for when the parent shoot eventually dies, and new shoots
need to be produced (Trifilo et al., 2004). The plant can endure various
soil conditions, including dry, wet, nutrient-rich, salty, and alkaline
soils, as well as clay, sand, calcareous, and gravel substrates. As a result,
it has a wide ecological range in terms of soil conditions (Sladonja et al.,
2015).

This species is extremely competitive and adaptable to various
environmental situations according to its biological and ecological
characteristics. It may disperse and establish new seedlings far from the
mother plant because of the high percentage of viable seeds it produces
and the formation of lateral shoots (Sladonja et al., 2015). Much
research has been conducted on Ailanthus altissima worldwide, but the
literature indicates that not enough is known about the plant’s charac-
teristics to support its widespread and effective application in the
manufacture of biofuels. Due to the characteristics mentioned, we
selected the Ailanthus altissima seed oil to produce biodiesel using nickel
oxide nanoparticles as a catalyst for the first time. We also studied the
physico-chemical properties of synthesized biodiesel. We also synthe-
sized the nickel oxide nanoparticles and studied the physical properties
and surface morphology through XRD and other characterizations. The
chosen method, transesterification, is not only practical but also cost-
effective, making it suitable for large-scale production. Extensive char-
acterization of the produced biodiesel is conducted, comparing its
characteristics to ASTM-recommended fuel properties.

2. Materials and methods
2.1. Synthesis of nickel oxide nanoparticles

The method of sol-gel was used to synthesize nickel oxide nano-
particles. The precursor used was Ni(NO3),-6H0 (nickel nitrate hexa-
hydrate). First, we prepared a 0.1 M solution of nickel nitrate
hexahydrate and, second, a 0.02 M solution of citric acid (CcHgO7).
Then, the two solutions were mixed under constant stirring at 500 rpm
and 80 °C temperature, leading to gel formation. The gel was first dried
at 80 °C in an oven, then it was calcined for two hours at 500 °C in a
muffle furnace, and last, it was pulverized (Adiba et al., 2020).

2.2. X-ray (XRD) diffraction of the nanoparticles

XRD is a widely used technique to investigate the basic crystallo-
graphic properties of solids. For this purpose, the SHIMADZU 6000
diffractometer was used. For maintaining the current at 30 mA and
voltage at 40 kV, the diffractometer was equipped with a CuKa (K = 1.54
A°). The data was collected at 20 within the range of 10°-90°. The
nanoparticle size was measured from step size and scan rate at a speed of
10° per minute. Between 10 °C and 60 °C, all measurements were taken.
With the help of XRDA31 software, the Peak broadening and peak po-
sitions were determined. A heterogeneous average diameter of nano-
particles was obtained by completing the calculation using the Scherer
equation (Nath et al., 2020).

K
" peosd

®

Where

k = 0.9 representing the shape factor.

A = 1.54 A representing the radiation wavelength.

B = representing the intensity of FWHM (full width of half of the
maximum) radians.
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2.3. Nanoparticle scanning electron microscopy (SEM)

For studying the surface morphology of the nanoparticles, SEM was
conducted. For this purpose, the JEOL JSM-5910 & HT7800 Ruli model
of scanning electron microscope was used. The scanned images were
captured using the field emissions from an SEM microscope under a 20
kV accelerating voltage. It made it possible to evaluate catalyst surfaces
qualitatively and helped explain events that occurred during pretreat-
ment and calcination.

2.4. Determination of oil contents in the feedstock

The collected seeds were washed thrice with distilled water and then
desiccated in a hot air oven at 50 °C. About 25 gm of dried seeds were
powdered. 10 gm of seed powder was taken in the thumbnail. As an
internal solvent, we used ether. The soxhlet containing the seed powder
was run for 8 h at a temperature of 65 °C. The given equation was used
for calculating the total oil content (Jan et al., 2022b).

W3- Wl

w4
w2

(2)

Where W; = represents the empty flask weight, Wy = quantity of the
ground seed before the oil is extracted, W3 = the weight of the flask after
the extraction of the oil, and W4 = represents the amount of oil contents
in the feedstock.

2.5. Determining free fatty acid (FFA)

The method of acid-base titration (Jan et al., 2022b) was followed to
measure the free fatty acid (FFA) content. With the help of the given
equation, the FFA value was determined.

FFA% = 100 3

(A- 1‘9;) x C o
Whereas,
A = Used quantity of KOH.
B = Used amount of KOH in blank titration
C = KOH 8/}, concentration of.
V = 0Oil sample volume.

2.6. Method of biodiesel synthesis

Due to the low FFA of the feedstock, the transesterification method
was followed for the biodiesel synthesis. The percent yield of biodiesel
was calculated using the equation given below (Birla et al., 2012).

Biodieselproduced

PercentageyieldofBiodiesel = 100 4

Oilsampleusedinreaction

2.7. Evaluation of the fuel properties

Following ASTM standards, the fuel properties of the synthesized
biodiesel were evaluated (Table 1) (Fadhil et al., 2017).

2.8. Analyzing the physicochemical characteristics of biodiesel

The synthesis of AAB and examination of its physicochemical char-
acteristics have been confirmed by FT-IR, GC-MS, and NMR
spectroscopy.

2.8.1. Biodiesel sample NMR spectroscopy

13C- and 'H NMR spectroscopy was used for confirmation of the
biodiesel synthesis. A 600 MHz Avance NEO Bunker spectrometer was
used for this purpose. The 5 mm BBF smart probe was equipped with a
spectrometer. The data was collected at 21 °C on 11.75 T. Both Si(CH3)4
and chloroform-d were utilized for confirmation as internal standard
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Table 1
Fuel properties of the AAB and ASTM standard methods adopted for properties
checking.

Fuel Property ASTM Test Limit ASTM AAB
Methods D6751 (B100%)
Acid value (KOH mg/kg) ASTM D-664 0.80 0.47
Flash Point °C (PMCC) D-93 130 78
Density at 15 °C kg/L D-4052 0.820-0.900 0.893
Kinematic Viscosity at 40 °C ~ D-445 1.9-6 4.21
cSt
Pour Point °C D-97-12 -151t0 16 -8.6
Cloud Point °C D-2500-11 -3to12 -10.9
Sulphur % wt D-5453 0.007 0.0007
Calorific Value kJ/kg D-5865 35,000 27,763
Cetane no. D-613 45 46
Oxidative stability 110 -C EN-14112 Mini. 3h 291
)
Water content (mg/kg) ASTM D-6304 <0.05 0.085
Refractive index @ 40 °C ASTM D-1747 —— 1.458
Iodine number mg I,/100 ASTM D-4607 <120 81
Higher heating value MJ/kg ~ ASTM D-240 39-43 41.83
Distillation temperature 90 ASTM D- 360 352
% recovery 1160-06
Carbon Residue ASTMD-4530  0.05 0.04

solvents. 1.0 scans, 8 scans of recycle time, and a pulse length of 30
degrees was used to measure the spectrum for 1H NMR (300 MHz). The
spectrum of the 3¢ NMR (75 MHz) was measured at 1.89 scans with a
160 scan recycle delay and 300 pulse duration. The conversion of tri-
glycerides to related FAMEs was expressed as a percentage of the re-
sidual solvent peak. Fourier Transform Infrared (FT-IR) Analysis.

The various functional groups contained in the biodiesel sample
were identified using the FT-IR analysis. The different stretching and
bending vibrations confirm the presence of various functional groups
and biodiesel formation (Uguz et al., 2019). The infrared spectra for the
synthesized biodiesel were obtained using a VARIAN Model-AA280Z FT-
IR spectrometer. In the spectrometer, a graphite tube atomizer type
GTA-120 was fitted. Each spectrum was collected in a short period of
time utilizing 4 scans at a resolution of 4 cm-!. The spectrometry was
conducted in the 400 — 4000 cm ™~ range. To process all of the findings,
computer software called Spectrum was employed.

2.8.2. FAMEs’ qualitative and quantitative study

The GC-MS spectroscopy was conducted to determine the FAMEs
composition and their quantity in the biodiesel sample. The Shimadzu
Japan-made Model QP-2010 Plus GC-MS was used. A 0.1 pL of biodiesel
was put into the spectrometer. The solvent CcH;4 was employed, and the
vector gas helium was used at a 1.44 mL/min rate. Furthermore, the
injector and detector temperatures were set to 250 °C, and the column
temperature was set in a range of 50 to 300 °C with a flow rate of 80
degrees per minute. The mass spectrograph was programmed to scan
between 50 and 1000 m/z using electron impact ionization.

3. Results and discussion
3.1. X-ray diffraction of nickel oxide nanoparticles

XRD is used to determine a material’s crystalline phase (Dawood
et al., 2021). Monochromatic X-ray interference on crystalline material
is a phenomenon that XRD is investigating (Dawood et al., 2021). Fig. 1
clearly shows that the nanoparticles are crystalline. The strong diffrac-
tion peaks obtained at 26 angles of 37.22°, 43.34°, and 62.81° that
correspond to the 111, 200, and 220 Miller indices, respectively,
confirm the synthesis of nickel oxide nanoparticles and crystalline na-
ture of it (Ghazal et al., 2021). The average diameter of nanoparticles is
24 nm.
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Fig. 1. XRD patterns confirming the NiO nanoparticles synthesis.

3.2. Surface and morphological characteristics study of nanoparticles

We studied the surface and morphological characterizations of the
nanoparticles with the help of the SEM Jeol Model JSM-6390LV model.
It is clear from Fig. 2 that the particles have spherical to cuboidal
symmetry with a smooth surface. The nanoparticles have uniform sizes
(Dharmaraj et al., 2006; Ariyanta et al., 2021).

3.3. Determination of oil and FFA contents

The soxhlet method confirmed that the feedstock has 22 % oil con-
tent. The acid-base titration method confirmed that the feedstock has an
FFA of 0.47 mg KOH/g, less than the ASTM D-6751 standard (Kue-
pethkaew et al., 2017).

3.4. Parametric optimization of biodiesel yield through transesterification

Because of its simplicity and being economically viable, trans-
esterification is the most convenient method (Rezania et al., 2019).
Transesterification is an important step since it may bring the viscosity

Fig. 2. SEM analysis of NiO nanoparticles to confirm the synthesis of nano-
particles and size, a) 0.5 pm X5,000b) 0.5 pm X10,000; c¢) 1 pm X10,000; d) 1
um X20,000.
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of the feedstock or vegetable oils closer to that of conventional fuel
(Mumtaz et al., 2017). During the transesterification process, a number
of variables have been reported to be crucial for obtaining the maximum
biodiesel yield, including the oil-to-methanol ratio, catalyst concentra-
tion, reaction time, and reaction temperature (Rezania et al., 2019).
Therefore, we also conducted a parametric transesterification study to
get the optimum biodiesel production (Takase et al., 2014).

3.4.1. Oil to methanol ratio

The yield of biodiesel is significantly affected by the methanol-to-oil
ratio, and previous studies show that as methanol concentration in-
creases, so does the yield of biodiesel (Takase et al., 2014; Ullah et al.,
2020). Therefore, we also varied the oil-to-methanol ratiosas 1:12, 1:18,
1:24, 1:30, and 1:36 to attain the maximum yield. The finding of the
current work demonstrates clearly that the maximum biodiesel yield
was attained at a ratio of 1:24 oil to methanol (Fig. 3a). Due to the
reversibility of the transesterification process, a higher stoichiometric
ratio improves the solubility as well as the reactivity of the Me-OH and
triglyceride molecules (Tan et al., 2019). Furthermore, a significant
quantity of Me-OH is needed to break the bonds between glycerin and
fatty acids (Kumar, 2017). Conversely, a high methanol concentration
cannot enhance biodiesel output by not only hindering the ester re-
covery but also raising costs (Ullah et al., 2020).

3.4.2. Catalyst concentration

When a suitable quantity of catalyst is present, the transesterification
process proceeds effectively (Encinar et al., 1999; Takase et al., 2014).
therefore, the amount of catalyst was kept at 15, 20, 25, 30, and 35 mg to
determine the best catalyst concentration at which maximum yield
should be obtained. This research shows that a catalyst concentration of
25 mg led to the highest yield (Fig. 3b). As catalyst concentration rises,
more active sites become accessible for reactants to be converted into
products, resulting in an increase in biodiesel yield and a reduction in
reaction time (Srilatha et al., 2009; Jan et al., 2023). Furthermore, a
sufficient catalyst concentration lowers the cost of the product by using
less energy (Leung and Guo, 2006; Jan et al., 2022a).

3.4.3. Reaction temperature

In order to determine the minimum temperature at which the highest
biodiesel production should be attained, we performed trans-
esterification operations at five distinct temperatures of 40, 45, 50, 55,
and 60 °C while maintaining the other variables constant. Due to its
direct effect on the production of biodiesel as well as the duration of time
it takes to react (Yu et al., 2021). In addition, to reduce energy con-
sumption and, therefore, product cost, the transesterification reaction
temperature for industrial-scale biodiesel synthesis must be as low as
possible. According to our study, the biodiesel yield jumped to 95 %
when the temperature was raised from 55 to 60 °C. (Fig. 4a). Since high
temperatures reduce the solution’s viscosity, increase the reactants’
solubility, and speed up the rate at which reactants are transferred to the
product, it is clear that the reaction temperature, biodiesel yield, and
reaction time all have a significant relationship (Silva and Oliveira,
2014; Barros et al., 2020).

i. Reaction time

As the other factors addressed earlier, the reaction duration is
important to biodiesel yield, especially on an industrial scale, since it
raises production costs owing to higher energy consumption (Gebre-
mariam and Marchetti, 2018; Dhawane et al., 2018; Barros et al., 2020).
The reaction durations were kept at 30, 60, 90, 120, and 150 min in
order to establish the minimal optimal reaction time for maximum
biodiesel output. 90 min of reaction time resulted in the highest yield
(95 %), whereas longer reaction times resulted in no change in yield
(Fig. 4b). The same findings have been reported by more studies (Niju
et al., 2016; Gebremariam and Marchetti, 2018; Barros et al., 2020;
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Fig. 3. A) oil to methanol ratio has a positive effect on biodiesel yield and a negative on glycerin formation; b) catalyst concentration has a positive effect on
biodiesel yield, but a high concentration of catalyst also favours the formation of more glycerin.

Ullah et al., 2020).

3.5. Fuel properties of biodiesel

The fuel characteristics of biodiesel are mentioned in Table 1. We
determined the kinematic viscosity for AAB 4.21 mm?/s at 40 °C, which
is near to normal diesel and below the ASTM D-6751 required limit
(Ullah et al., 2020). The density of 0.893 kg/L is within the parameters
set by ASTM D-6751 (Patchimpet et al., 2020). Moreover, the calorific
value of 27763 kJ/kg falls below the ASTM D-6751 range. It has a
reduced calorific value compared to conventional diesel because of its
increased oxygen concentration (Kaisan et al., 2017; Ullah et al., 2020).

AAB has a flash point of 78 °C. It is dependent on the methanol level
of the biodiesel. Adding 0.5 % methanol decreases biodiesel’s flash point
to 50 % (Table 1). Some studies have suggested a flash point for bio-
diesel of 160-202 °C (Dias et al., 2008; Refaat et al., 2008).

The AAB has a cetane value of 46, which is slightly above the ASTM
standard (Table 1). Nitric acid Iso-octyl, in small amounts, can lower the
cetane number (Khan et al., 2009; Knothe, 2009). Moreover, the PP and
CP values of the synthesized biodiesel are —8.6 °C and —10.9 °C,
respectively (Mofijur et al., 2015). Synthetic biodiesel has sulphur
contents of 0.0007 parts per million. It is smaller than ASTM’s recom-
mended value. So, the AAB is environmentally friendly biodiesel
(Kumar, 2017; Ullah et al., 2020).

The ASTM D-6751 minimal requirement is met by the oxidative
stability of AAB, which is 2.91 h. The biodiesels can react with oxygen

even at room temperature. It demonstrates the relative sensitivity of fuel
the oxidative degradation (Pullen and Saeed, 2012). Thus, the oxidation
susceptibility of biodiesel is advantageous for the environment (Chrys-
ikou et al., 2022); however, it is certainly a significant problem as well as
an obstacle in the industrialization of biodiesel. The physicochemical
and tri-biological properties of biodiesel are altered by oxidation during
storage or usage. The effects of this phenomenon are immediately felt by
the characteristics of biodiesel. However, adding different antioxidants
may lessen biodiesel’s sensitivity to oxidation (Bannister et al., 2011;
Kumar, 2017).

According to our analysis, AAB has a water content of 0.085, which is
only slightly more than the ASTM standard. A critical component of fuel
quality is its water content. Biodiesel has a higher potential to absorb
moisture than conventional fuels since it is more hygroscopic and hy-
drophilic. High moisture levels in biodiesel encourage the growth of
algae in gasoline tanks, which corrodes fuel tanks and produces slime
and sludge to clog engine filters and fuel pipes, damaging the vehicle’s
fuel injection system (Fregolente et al., 2012).

The iodine value was determined to be 81, which is less than the
ASTM D-6751 standard. This demonstrates biodiesel’s oxidative stabil-
ity, saturation, and unsaturation level (Cardoso et al., 2019). AAB has a
refractive index of 1.458. It demonstrates that converting crude oil to
biodiesel was successful (Lugo-Méndez et al., 2021). Additionally, we
examined the carbon residue in the synthetic biodiesel that falls below
the ASTM D-6751 standard.

According to this study, the HHV is 41.83, which is within the
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Fig. 4. A) increase in reaction temperature increases the biodiesel yield and reduces the glycerin formation; b) increase in reaction time increases the biodiesel yield

and reduces the glycerin formation.

acceptable limit given by ASTM D-6751. A crucial aspect of biodiesel is
its high heat value (HHV), which, like other fuel qualities, reveals details
about the energy contents of the fuel as well as efficiency (Demirbas,
2003; Marzban et al., 2022). The biodiesel’s fatty acid composition,
iodine concentration, and saponification value are used to compute it
(Anand et al., 2010). Biodiesel has a lower HHV (39 to 43 MJ/kg) than
fossil fuels (49.65 MJ/kg) (Demirbas, 2009).

Numerous studies have shown that the fatty acid, as well as the
chemical composition of non-edible biodiesels, affects the fuel proper-
ties. The fuel properties of other feedstocks are given in Table 2 (Ash-
raful et al., 2014).

Table 2
Fuel properties of various commonly used feedstocks.

3.6. 'H NMR spectroscopy of AAB

The singlet peak at 3.498 ppm showed that the biodiesel sample
included methoxy proton (-OCHjs). It verifies the process of converting
crude oil to biodiesel (Adewuyi et al., 2014). The existence of alpha-
methylene proton (a-CHy) in the synthesized biodiesel was confirmed
from the peaks between 2.015 and 2.062 ppm. These two peaks
demonstrated that FAMEs were produced from triglycerides. The pres-
ence of terminal methyl protons (CH3) in the biodiesel was confirmed
from the peaks obtained at 0.843-0.951 ppm. Peaks obtained at
1.275-1.638 ppm confirm the presence of beta-carbonyl methylene
protons. At 5.189-5.426 ppm, the olefinic hydrogen indicator peaks

Vegetable oil Density at Viscosity at 40 °C Flash point Cloud point Pour point Cetane Calorific value (MJ/
40 °C (kg/ (mm?%/s) Q) (o] Q) number kg)
m®)
Karanja (Pongamia pinnata L.) 876-890 4.37-9.60 163-187 13-15 —3to5.1 52-58 36-38
Polanga (Calophyllum 888.6-910 4-5.34 151-170 13.2-14 4.3 57.3 39.25-41.3
inophyllum)
Mohua (Madhuca indica) 904-916 3.98-5.8 127-129 3-5 1-6 51-52 39.4-39.91
Rubber Seed oil (Hevea 860-881 5.81-5.96 130-140 4-5 -8 37-49 36.5-41.07
brasiliensis)
Cotton seed 874-911 4-4.9 210-243 1.7 —10 to —15 41.2-59.5 39.5-40.1
Jojoba oil (Simmondsia 863-866 19.2-25.4 61-75 6-16 —6to6 63.5 42.76-47.38
chinensis)
Tobacco oil (Nicotiana tabacum) ~ 860-888.5 3.5-4.23 152-165.4 - -12 49-51.6 38.43-39.81
Neem (Azadirachta) 912-965 20.5-48.5 34 - - 51 33.7-39.5
Linseed oil (Linum 865-950 16.2-36.6 108 1.7 —4to —18 28-35 37.7-39.8
usitatissimum)
Jatropha (Jatropha curcas L.) 864-880 3.7-5.8 163-238 - 5 46-55 38.5-42
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were attained (Fig. 5a) (Knothe, 2000). The successful conversion of
triglycerides to biodiesel can be confirmed by these peaks (Portela et al.,
2016; Ullah et al., 2020).

3.7. 13C NMR study of AAB

23.92-34.21 ppm confirms the presence of long-chain ethylene
carbons (-CHy-) in the biodiesel. Furthermore, the presence of carbonyl
carbon (-CO) was confirmed from the singlet peak received at 173.98
ppm. The olefinic carbons had confirmation peaks that ranged from
128.82 to 130.09 ppm. The presence of vinylic (C=H) substituent was
confirmed by the peaks at 126.54 and 127.41 ppm (Fig. 5b). The peaks
in this range for the same function groups have also been reported in
other studies (Ullah et al., 2015).

3.8. Qualitative and quantitative analysis of AAB

An examination of the FAMEs produced by successful trans-
esterification was done using gas chromatography and mass spectros-
copy on both a qualitative and quantitative level. According to the
GC-MS data, there are 14 different types of FAMEs in the AAB (Table 3).
The peak of each methyl ester of fatty acid was verified using the NIST
02 library match programme. Based on the retention time, each methyl
ester of a fatty acid was identified. Furthermore, it is clear from the
spectrum of GC-MS that the majority of FAMEs are unsaturated and thus
suggest better fuel efficiency (Asci et al., 2020).
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Table 3
Reported FAMEs in the biodiesel sample with retention time and percentage.

S. Identified FAMS Compound Retention Concentration in
No time Percent
1 Myristic acid methyl ester 10.168 0.47
2 Palmitic acid methyl ester 13.424 1.36
3 Palmitoleic acid methyl ester 13.878 0.85
4 Margaric acid methyl ester 15.50 0.43
5 Heptadecenoic acid methyl ester 15.943 0.24
6 Stearic Acid methyl ester 17.897 2.41

7 Oleic Acid methyl ester 18.375 48.28

8 Elaidic acid methyl ester 18.506 0.73
9 Linoleic acid methyl ester 19.659 37.79
10 Octadecadienoic acid methyl ester ~ 19.817 0.61
11 Linolenic acid methyl ester 21.743 4.87
12 Arachidic acid methyl ester 24.661 0.89
13 11-Eicosadienoic acid methyl ester ~ 25.315 0.72
14 11,14,17-Eicosatrienoic fatty acid 27.216 0.59

methy ester

3.9. Fourier transform infrared analysis of AAB

FT-IR spectroscopy was used to confirm the presence of different
functional groups in the biodiesel sample (Table 4 & Fig. 7). It is an
effective analytical instrument for identifying the pool of macromolec-
ular pools (such as lipids, proteins, and carbohydrates) and tracking
biochemical changes in those pools (Miglio et al., 2013). FAMEs are
capable of absorbing electromagnetic radiation of infrared wavelengths
(Atabani et al., 2019). Two principal absorption bands, the carbonyl,
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Fig. 5. Spectroscopy confirms the successful occurrence of the transesterification process a) 'H NMR and b) '3C NMR.



H. Ahmad Jan et al.

Table 4
Different functional groups and their peaks after FT-IR spectroscopy.

S.No. Functional group Corresponding peak
1 Methylene stretching 2932 cm !
2 Methoxy stretching -O-CHjs 2847 cm™!
3 Methoxycarbonyl (methyl ester) 1753 cm™!
4 Methyl C-H bend 1482 cm™?
5 Trimethyl 1388 cm ™!
6 Methyne 1340 cm™!
7 Aromatic ether (aryl-O stretching) 1225 cm ™!
8 Alkyl-substituted ether (C-O stretching) 1116 cm™
9 Cyclic ethers C-O stretching 1060 cm™!
10 Methyne C-C vibration 977 ecm™!
11 Methylene —(CH)n- rocking 763 cm ™!
12 Alkyne C-H bend 683 cm™!
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Fig. 7. FT-IR spectroscopy confirms the biodiesel formation by showing peaks
for important functional groups and compounds.

with an absorption band from 1725 em~! to 1750 cm’l, and C-O,
having an absorption band range of 1000-1300 cm ! are used to
confirm the synthesis of esters (Ullah et al., 2020). The presence of an
additional prominent distinctive absorption band at 1225 em ! verifies
aromatic ether (Siatis et al., 2006; Taufig-Yap et al., 2014). The ab-
sorption bands detected in FT-IR spectroscopy show that the trans-
esterification process was effective (Andrade et al., 2017; Elango et al.,
2019).

4. Conclusion

Among the green and renewable energy sources available today that
may fulfill the world’s energy needs is biodiesel. Biodiesel, synthesized
using seed oil from the inedible Ailanthus altissima plant, presents an
attractive renewable energy solution that could potentially meet the
world’s energy demands. In our study, transesterification was employed
to synthesize biodiesel using NiO nanoparticles as a catalyst. The
optimal conditions for synthesizing biodiesel, resulting in a 95 % yield,
involved a 1:24 oil-to-methanol ratio, 25 mg catalyst, 60 °C tempera-
ture, and 90 min of reaction time. The fuel’s properties were assessed
using ASTM methods and were found to be mostly within the accepted
limits outlined in ASTM D-6751. The acid value and kinematic viscosity
values of synthesized biodiesel are close to the conventional diesel,
whereas it has a higher oxygen content (low calorific value) than con-
ventional diesel. Low water content and very low sulphur content make
it engine-friendly as well as eco-friendly. HHV value, centane number,
oxidative stability, and carbon residue value of biodiesel reflect its high
energy content and fuel efficiency. The synthesis of the biodiesel and the
chemical composition was confirmed by the use of a variety of
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spectroscopic methods, including FT-IR, GC-MS, and 'H and '3C NMR.
Furthermore, the physico-chemical characteristics of the Ailanthus
altissima biodiesel indicate that it is an eco-friendly fuel and a feasible
option for industrial-scale biodiesel production.
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