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Abstract

Calcium oxide (CaO) is a widely used solid catalyst for biodiesel
production due to its cheap and easy availability. Chicken
eggshell, which is otherwise a waste, is a valuable source material
of CaO which can be utilized as an environment-friendly catalyst
for biodiesel production. The present research work deals with
the preparation and characterization of CaO nanoparticles from
the waste chicken eggshell. The performance of CaO nanocatalyst
was tested for its catalytic activity via transesterification of
jatropha oil into biodiesel. To get a better biodiesel yield,
different
transesterification process such as methanol to oil molar ratio,
catalyst loading, reaction temperature, reaction time, and
agitation speed were optimized. The recorded optimum
conditions were found to be 9:1 methanol to oil molar ratio with

physicochemical ~ parameters  affecting  the

5% catalyst loading, at a reaction temperature of 65°C, 3 h of
reaction time, and 240 rpm. The maximum biodiesel yield
obtained under these optimum conditions was 80.64%. The key
fuel properties such as kinematic viscosity (5.2 mm?s), flash
point (99°C), calorific value (40.3 MJ/Kg) and density (0.86
g/cm?) resulted in good quality of biodiesel. The results obtained
showed good fuel properties in the range as prescribed by ASTM
for diesel.

Keywords: Nanocatalyst, Biodiesel, Chicken eggshell, Jatropha
oil, Transesterification

Introduction

Overconsumption of fossil fuels leads to the energy crisis, global
warming, and environmental pollution which are the major issues
of this century that the world is going through (Vasudevan &
Briggs, 2008; Gaurav et al., 2013). The efforts in the search for
sustainable and green energy lead to biodiesel as one of the most
promising renewable, eco-friendly forms of energy (Janaun &
Ellis, 2010; Liu ef al., 2012; Gaurav et al., 2016). Biodiesel is a
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fuel that can be a solution to these issues as it is renewable,
biodegradable, non-toxic, and leads to lesser emission of COz,
SOx, NOx, and hydrocarbon. It is a mixture of methyl esters which
is prepared by biomass oil or fats by transesterification with
alcohol (usually methanol due to low cost) in the presence of a
catalyst and it can be used in diesel engines directly or with little
modification. It can be produced by pyrolysis, emulsification,
cracking and transesterification (Shuit et al, 2012; Avhad &
Marchetti, 2015) but among these methods transesterification is
the most preferred method because it requires mild conditions.
Based on the catalyst used, transesterification reactions are
homogeneously and heterogeneously catalyzed. These catalysts
may be acidic, basic, or enzymatic.

Base catalyzed transesterification reactions are faster than acid-
catalyzed (Liu et al., 2008; Tan et al., 2015) whereas, enzyme-
catalyzed transesterification is not of much interest in research
due to the high cost of enzymes. However, heterogeneously
catalyzed transesterification is more advantageous over
homogeneously catalyzed because of easy product separation
with less water requirement for washing, avoids soap formation
due to presence of free fatty acids in the oil, less catalyst
requirement, and catalyst reusability (Joshi er al., 2015). The
commonly used heterogeneous catalysts are CaO (Farooq et al.,
2015; Widiarti et al., 2019), MgO (Mutreja et al., 2011), ZnO
(Gurunathan & Ravi, 2015), TiO2 (Feyzi & Shahbazi, 2015),
BaO, SrOz, and zeolites (Sun et al., 2015; Chua et al., 2020).
Nanocatalysts have a smaller particle size, larger surface area,
and a large number of active sites and these sites of nanocatalyst
facilitate the ionization of alcohol into alkoxide and hydrogen ion
in the process of transesterification. The alkoxide ion potentially
attacks the electron-deficient carbonyl groups of triglyceride
molecules and gives methyl ester and glycerol (Kouzu et al.,
2008). So, the nanocatalyst gives high biodiesel yield in less
reaction time (Wen et al., 2010; Gupta & Agarwal, 2016). CaO
nanoparticles are the most widely studied nanocatalyst due to
their high basicity, high catalytic activity, and easy availability at
low cost (Kawashima et al., 2009; El-Gendy et al., 2014; Bet-
Moushoul ef al., 2016). In this study, the eggshell-derived CaO
nanocatalyst is prepared and characterized by Fourier transform
infrared spectroscopy (FTIR), X-ray powder diffraction (XRD),
Scanning electron microscopy (SEM), Transmission electron
microscopy (TEM), and Thermogravimetric analysis (TGA).
Further their application in transesterification of jatropha oil for
biodiesel production was evaluated. Biodiesel yield is
investigated by optimizing different parameters such as catalyst
loading, methanol to oil ratio, reaction temperature, reaction time,
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and agitation speed. To determine the quality of produced
biodiesel, the sample was analyzed by Gas Chromatography-
Mass Spectroscopy (GC-MS).

Materials and Methods

The waste chicken eggshells were collected from the university
canteen for CaO nanocatalyst preparation. Methanol (99% pure)
and non-edible jatropha oil were purchased from the market and
used as such. The physicochemical properties of oil were
analyzed Density (at 10°C) was found to be 0.920 g/cm? and
kinematic viscosity (at 40°C) was found 35.6 mm?/s. Free fatty
acid content was 3.925% w/w and acid value 7.85 mg KOH/g.
Sapnification value of oil was 185 with flash point and fir point
as 235 °C and 275 °C respectively. Calorific value was found to
be 35.6 MJ/Kg.

Preparation of CaO Nanocatalyst

First of all, the inner membrane of eggshells was removed. After
that, the shells were washed several times with warm tap water to
remove organic matter and any unwanted material adhered to the
surface and finally rinsed with distilled water. Washed eggshells
were then kept to dry in a hot air oven at 120°C for 12 h. Later
the dried shells were grinded using mortar pestle until a fine
powder was obtained. The powdered eggshells were then
calcinated at 850°C (in a Muffle furnace) for 4 h to obtain a
nanoparticle of CaO.

Characterization of CaO Nanocatalyst

FT-IR spectra of powder sample CaO were obtained to determine
the structure and functional groups present in the catalyst by
using an FTIR spectrometer (Thermo Scientific Nicolet 380) in
the range of 4000-400 cm™'. KBr (AR, Sigma USA) powder was
used for sample preparation. The surface morphology and particle
size of nanocatalyst were investigated by Hitachi (3400 N) SEM
and micrographs were recorded at a high magnification of Sum.

To determine the crystalline nature of the CaO nanoparticles, a
powder- XRD pattern was obtained using Brucker, D8 advance
with Cu Ka radiation (k = 1.5418 A) at 40 KV and 30 mA. The
scanning range 20 was set between 20-80° with a step of 0.02° at
the scan rate of 6 °min’'. The Crystallite size of samples was
calculated by XRD data and was measured by TEM analysis. For
TEM analysis, the grid was prepared by diluting CaO with
distilled water and sonicated at 34°C for 20 minutes and then the
drop was placed in a membrane coated Cu grid provided by
Sophisticated Analytical Instrument Facility (SAIF), All India
Institute of Medical Science (AIIMS), NewDelhi.

TGA was
characterization of thermal stability of calcined CaO nanocatalyst
by using Perkin Elmer (4000 TGA analyzer). The changes in
physicochemical  properties were measured concerning
temperature with a heating rate of 10°C min'.

performed on the catalyst sample for the

Two Steps Method for Biodiesel Production

Two-step transesterification was used to produce biodiesel. The
esterification was used because of the high acid value of jatropha
oil which caused soap formation and reduced the yield of
biodiesel during the alkali-catalyzed transesterification process.
The soap formation hinders the separation of the biodiesel layer
from glycerol. The esterification reaction was used to reduce the
acid-value, and then alkali-catalyzed transesterification was
carried out to obtain biodiesel.

Esterification Reaction of Jatropha Oil

The free fatty acid (FFA) content of oil was determined by the
chemical titration method and was found to be 7.85 mg KOH/g
that corresponds to an FFA content of 3.925 % which should
ideally be below 1%. The acid-catalyzed esterification was
carried out to reduce the acid value (FFA content) of oil by using
para-toluene sulphonic acid (p-TSA) with catalyst loading 0.5%,
6:1 molar ratio of methanol to oil. The oil (100ml) was pre-heated
at 60°C in a reactor. The catalyst (0.5g) was dissolved in
methanol (600 ml) and then added into the reactor. The reaction
temperature, agitation speed, and reaction time were 60°C, 200
rpm, and 2 hr respectively. After this time, the reaction mixture
was allowed to settle for several hours to produce distinct liquid
phases. The top phase (esterified oil of 98.2 ml) was separated
from the bottom phase which consisted of; methanol and water
(597.3 ml) and fatty acid methyl ester (5.0 ml) by decantation.
After esterification, the acid value of oil was 1.683 mg KOH/g
that corresponds to 0.8415% of FFA. The esterified oil was used
for the further transesterification process.

Transesterification of Jatropha Oil

This is a two steps process viz. activation of catalyst followed by
transesterification. CaO nanocatalyst (1.5 g) and methanol (300
ml) were added in a round bottom flask with an attached
condenser and refluxed at 60°C for 1-2 h. The esterified oil (50
ml) was preheated at 60°C using a heating mantle and added to
the activated catalyst-methanol mixture and stirred continuously
with heating at different temperatures for 1-4 h for reaction to
reach completion. The biodiesel (25 ml) was obtained in the
upper phase; while the glycerol (7.5 ml), as a by-product, in the
middle phase, and a mixture of catalyst and methanol (319 ml)
were in the lower phase. After the completion of the reaction,
biodiesel and catalyst were recovered using centrifugation at
5000 rpm for 10 minutes. The biodiesel was separated from
glycerol by washing with distilled water. The yield of biodiesel
was calculated by the equation;

Biodiesel yleld (%) _ volume of biodiesel obtained>< 100 (1)

volume of oil used

The transesterification reaction was carried out with a 6:1 molar
ratio of methanol to oil, 3% wt of oil at 55°C for 2 h. The reaction
conditions were optimized by varying: catalyst loading (1 to 6 %
wt), methanol to oil ratio (3:1 to 15:1), agitation speed (60- 300
rpm), reaction temperature (35 to 75 °C), and reaction time (1 to
5h).

Biodiesel Characterization
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To determine the quality of produced biodiesel, Gas-
Chromatography Mass Spectrometry (GC-MS) analysis was
carried out using a Shimadzu GCMS- QP-2010 plus system.
RTx-5 Sil MS column (30 mx0.25 mm idx0.25 film thickness)
was used for the analysis. Oven temperature program from 100°C
to 235 °C at 3°C/min and the final temperature was kept for 20
min. The injector temperature was maintained at 240°C. Helium
was used as a carrier gas. The sample was characterized by using
ASTM (American Society for Testing Materials) standard
methods for diesel properties and compared with standards
values.

Results and Discussion
Characterization of CaO Nanocatalyst

CaO nanoparticle was characterized by FTIR, SEM, XRD, TEM,
and TGA analysis.

FTIR Analysis

The FTIR analysis result for calcined (850°C) eggshell derived
CaO nanoparticle is shown in Figure 1. According to the spectra,
the major absorption bands can be observed at 3668.6, 3438.4,
1633.1, 1064.7, and 445.0 cm'. The sharp absorption band at
3668.6 corresponds to stretching vibration of hydroxyl (O-H)
groups which resulted due to the presence of Ca(OH). formed by
the hydration of CaO (El-Gendy et al., 2014; Bet-Moushoul et
al., 2016; Gupta & Agarwal, 2016; Sumathi, 2017). The broad
peak at 3438.4 cm’! indicates absorbance due to -OH stretching
vibration of physically adsorbed water molecule attached to
nanoparticles (Safaei-Ghomi et al, 2013; Joshi et al., 2015)
whereas absorption bands at 1633.1 and 1064.7 cm'corresponds
to CO2 absorbed on the surface of nanoparticles (Sadeghi &
Husseini, 2013) and Ca-OH stretching vibration respectively
(Sumathi, 2017) The strongest peak observed at 445 cm’ is
assigned to Ca-O vibration modes of pure CaO (Sadeghi &
Husseini, 2013).
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Figure 1. FTIR of CaO Nanocatalyst
SEM Analysis

To determine the surface morphology of eggshell derived CaO
calcined at 850°C, SEM was done using a high magnification of

9000% with Sum. The obtained SEM image of CaO nanoparticles
is shown in Figure 2, which is giving a clear picture of the shape
and size of particles. It seems that particle shapes and surfaces are
irregular with a large number of cavities like a porous material
which corresponds to the increase in basic sites of the catalyst.
According to the report of El-Gendy et al. (2014), this porosity
comes due to the escape of a large number of gaseous water
molecules upon decomposition of CaCOs3.H2O. The SEM
photograph also shows that the particle size is from 25 to 55 nm
which leads to a large surface area. Both these factors are the
most appropriate characteristics of a catalyst for high catalytic
activity.

DTU-3700N 15.0kV 5.6mm x9.00k SE

5.00um

Figure 2. SEM of CaO Nanocatalyst
XRD Analysis

The XRD pattern of CaO nanoparticles is shown in Figure 3. The
result shows that the structure of CaO nanoparticles is a face-
centered cubic phase. The XRD results obtained were matched
with the JCPDF card number 37-1497, the peaks were observed
at 20 = 33.67°, 39.07°, 52.22° and 67.03° with corresponding (h k
1) values (1 1 1), (2 00), (2 2 0) and (2 2 2) respectively. Some
peaks of Ca(OH): at 26 = 55.90, 59.37, 69.03 and 77.00 were also
observed with corresponding (h k 1) values (0 0 3), (2 0 0), (202)
and (0 0 4) respectively (Tangboriboon et al., 2012). The average
crystallite size (D) of CaO nanoparticle was calculated by Debye—
Scherrer equation which is given as;

D=KMp cos 6 2)

where, B = full-width at half-maximum (in radian) and 0 = is the
position of the maximum of the diffraction peak. K is defined as
the so-called shape factor, which usually has a value of about 0.9

A= the X-ray wavelength (1.5406 A for Cu Ko). 3)

The average crystallite size of CaO nanoparticles obtained from
the above formula was about 43.26 nm. In the XRD pattern, it
was confirmed that there is a formation of calcium oxide with
cubic phase (Almutairi, 2019; Bahshwan, er al., 2019;
Mozayyeni, et al., 2019; Babaei et al., 2020). The obtained
results were similar to those obtained by Gupta and Agarwal
(2016) and Moushoul (2016).
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Figure 3. XRD of CaO Nanocatalyst
TEM Analysis

The TEM micrograph of prepared CaO nanocatalyst is shown in
Figure 4a. The particle size distribution of CaO nanoparticles is
shown in Figure 4b by counting nearly 11 particles from the
TEM image. From the TEM micrograph, it was found that the
CaO nanoparticles were bonded together to form aggregates. The
smaller size and aggregation is directly proportional to the higher
specific surface area. The average particle size was 43 nm with a
cubical shape.

Thermal Analysis

The prepared CaO nanocatalyst was analyzed to know the effect
of high temperature on its thermal stability and to determine the
thermal transition that occurred during the calcination by
thermogravimetric analysis (TGA) and differential thermal
analysis (DTA). TGA/DTA curves of CaO nanoparticles are
shown in Figure 5 and TGA curve shows that during calcination
of eggshells first weight loss (0.6% weight) occurred between
100 and 300°C due to the removal of water molecules and some
organic impurity. After that weight loss of 0.4% was observed at
340-390°C due to removal of water from Ca(OH): and
decomposition of CaCO; (Roschat et al., 2016). The final weight
loss of 0.6 % was monitored in the temperature range of 550-
620°C. These results were also supported by the DTA curve
which showed a weak broad exothermic peak at 150-300°C that
might have been caused by evaporation of water, crystallization,
decomposition of organic impurities, or change in the structural
arrangement of compound (Yan et al., 2010). DTA curve also
showed two sharp endothermic peaks at 320-400°C and 550-
620°C which can be attributed to decomposition reaction and
formation of the new compound. Therefore, TGA/DTA results
confirmed that a high temperature (above 700°C) is required for
the calcination of CaO nanoparticles.

Particle size (nm)

b)
Figure 4. (a) TEM image of CaO nanocatalyst, (b) Particle
size distribution of CaO nanocatalyst
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Figure 5. TGA curve of CaO Nanocatalyst
Factors Affecting Biodiesel Yield

There are various factors affecting biodiesel yields such as
catalyst loading, methanol to oil ratio, reaction temperature,
reaction time, and agitation speed. The prepared catalyst was
tested for its effect on the transesterification of jatropha oil for
biodiesel production. All the experiments were performed in
triplicate and the results reported are average of all the three
experiments.

Effect of Catalyst Loading
Catalyst loading is an important parameter that is required to be

optimized to get a higher yield of -biodiesel (Fatty acid methyl
ester, FAME). Generally, the FAME yield increases with an
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increase in the amount of catalyst, as basic sites of CaO abstracts
methoxide anion from methanol which attacks the electrophilic
carbonyl carbon of triglyceride as a good nucleophile to form
biodiesel (Wen et al., 2010). In the present investigation, the
optimum concentration of catalyst was determined by varying the
mass ratio of catalyst from 1 to 6 wt% with 6: 1 molar ratio of
methanol to oil at 55°C for 2 h and shown in Figure 6a. It was
found that yield of biodiesel increased when loading
concentration was increased from 1 wt% to 5 wt%. Beyond the
optimum concentration of catalyst, that is 5 wt%, loading did not
give higher biodiesel yield because of the mass transfer
limitations. A higher amount of catalyst also increases the
viscosity of the system to the point that adequate mixing is not
reached (Wen et al., 2010; Sumathi, 2017) thus resulting in the
decline of biodiesel yield. Hence, the optimal catalyst loading
was 5 wt% for the production of biodiesel from the jatropha oil.

Effect of Methanol/ Oil Ratio

The molar ratio of methanol to oil is also one of the most
important parameters that directly affect the FAME yield. The
FAME yield % concerning the different molar ratio of methanol
to oil is shown in Figure 6b. The stoichiometric ratio between
alcohol and triglycerides is 3:1, but the transesterification is
commonly carried out with an excess amount of alcohol to shift
the equilibrium towards the forward direction and higher yield of
FAME. The effect of the molar ratio of methanol to oil (in range
of 3:1 to 15:1) on the transformation was examined with 5 wt%
catalysts at 55°C for 2 h. It was observed that when the ratio was
3: 1 the yield of FAME was 22.35% and when the molar ratio
was increased from 3:1 to 9:1, biodiesel yield was increased up to
72.3 %. The molar ratio 9: 1 was sufficient to complete the
reaction, beyond 9:1, the FAME yield did not change due to the
dilution effect (Sadeghi & Husseini, 2013). But, a high molar
ratio can also lead to difficulty in biodiesel isolation from the
glycerol phase which decreases biodiesel yield (Janaun & Ellis,
2010). Thus the maximum FAME yield was achieved at a 9:1
methanol to oil ratio.

Effect of Reaction Temperature

The effect of reaction temperature on FAME vyield was
investigated by varying the temperature from 35°C to 75°C with
methanol to oil ratio 9:1 in presence of 5% wt catalyst at constant
stirring for 2h. FAME yield increase from 9.04% to 75.32% when
the reaction temperature was increased from 35°C to 75°C as
presented in Figure 6c¢. It is clear that the reaction temperature
directly affects the transesterification reaction. At higher
temperatures, faster reaction equilibrium is reached as compared
to the lower temperature. Above the optimum temperature
(65°C), the reduction in FAME yield was observed which was
most probably due to vaporization of methanol causing lack of
methanol for transesterification (Janaun & Ellis, 2010; Sadeghi &
Husseini, 2013; Gurunathan & Ravi, 2015). Thus, in the present
study, 65°C was found to be the optimum temperature for the
transesterification of triglycerides.

Effect of reaction time

Reaction time is another important parameter that highly affects
the FAME yield therefore, it should be optimized to obtain high
FAME yield. The effect of reaction time on FAME yield was
studied by varying time from 1 to 5 h with methanol to oil ratio
9:1 in presence of 5% wt catalyst at 65°C and shown in Figure
6d. In the first 1 h, the reaction was slow with a yield of 45% and
then increased gradually after 1 h of reaction and increased up to
52% after the second hour. The maximum yield obtained was
78.23% after 3 h of reaction and beyond this, the yield of
biodiesel started decreasing. Since the FAME yield is directly
proportional to methanol to oil ratio and as the reaction proceeds,
this ratio also decreases i.e. reaction rate slows down with an
increase in reaction time, and finally at equilibrium reaction rate
becomes zero and negative beyond the equilibrium. Thus, the
decrease in biodiesel yield after a specific reaction time was due
to the backward reaction of transesterification as
transesterification is a reversible process (Janaun & Ellis, 2010;
Sadeghi & Husseini, 2013). The optimum reaction time observed
in this study was 3 h.
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Figure 6. a) Effect of catalyst loading on the percentage of
FAME yield using methanol to oil molar ratio of 6:1,
reaction temperature of 55°C, the reaction time of 2 h and
agitation speed of 120 rpm, b) Effect of methanol to oil
molar ratio on the percentage of FAME yield using catalyst
loading of 5 wt%, reaction temperature of 55°C, reaction
time of 2 h and agitation speed of 120 rpm, c¢) Effect of
reaction temperature on the percentage of FAME yield using
methanol to oil molar ratio of 9:1, catalyst loading of 5 wt%,
the reaction time of 2 h and agitation speed of 120 rpm, d)
Effect of reaction time on the percentage of FAME yield
using methanol to oil molar ratio of 9:1, catalyst loading of 5
wt%, reaction temperature of 65°C and agitation speed of
120 rpm, e) Effect of agitation speed on the percentage of
FAME yield using methanol to oil molar ratio of 9:1, catalyst
loading of 5 wt%, reaction temperature of 65°C and reaction
time of 3 h.

Effect of Agitation Speed

The mixing of reactants is very important for the completion of
any reaction and increase in the product yield. During
transesterification, a two-phase liquid system (immiscible) is
formed where one phase has the catalyst and the other phase has
the oil or fat. The contact between catalyst and oil should be
maximum for the most effective reaction to take place. Vigorous
mixing or agitation is required to increase the contact area
between two phases resulting in the mixing of the catalyst with
the reactant and affecting the FAME yield. The present work was
carried out in a biodiesel reactor with an inbuilt agitator where
agitation speed can be varied from 30 to 300 rpm. The increase in

the agitation speed increases the collision between the particles.
The optimization of stirring speed was carried out from 60 to 300
rpm by keeping the other parameters constant. The results, shown
in Figure 6e, clearly indicate that the biodiesel yield increases
with the increase in the agitation speed, and a maximum of
80.64% yields was obtained at 240 rpm. It can also be concluded
from the figure that no appreciable change was observed in
FAME yield on increasing the agitation speed from 240 to 300
rpm. Hence, 240 rpm is considered to be the optimum speed for
the reaction in the present study.

Reusability of Catalyst

The reusability of catalyst is a significant characteristic of the
heterogeneous catalyst and advantageous over a homogeneous
catalyst in the transesterification reaction. After the completion of
the reaction, the catalyst was separated by filtration and washed
three times with hexane, and dried overnight at 1000C. The
catalyst was subjected to transesterification reaction under the
optimum conditions (9:1 methanol/ to oil ratio, 5 wt% catalysts,
65°C reaction temperature, 3 h reaction time, and 240 rpm
agitation speed). Figure 7 shows the FAME vyield gradually
decreases with increasing the number of reuse. The FAME yield
did not show significant changes in the first cycle where the
activity and stability of catalyst were maintained. The yield was
decreased from 73.21% to 62.31 % from the second to fourth
cycle and further decreased to 42.32% in eight cycles. The
decrease in catalytic activity was attributed to a reduction in the
amount and strength of basic sites of the catalyst during
regeneration.

FAME yield (%)

Fresh 1 2 3 4 5 6 7 8

catalyst Number of cycle

Figure 7. Reusability of catalyst
Biodiesel Characterization

Several physicochemical and fuel properties of resulting
biodiesel, such as oxidative stability, calorific value, flash point,
fire point, etc depend on its fatty acids composition (Knothe,
2009). Therefore, determination and analysis of the fatty acid
composition of biodiesel have become an important quality
parameter. Hence GC-MS of obtained biodiesel was carried out
in the present work to determine its methyl ester profile. The
results obtained showed that the fatty acid profile consisted of
mainly five fatty acids, palmitic acid (C16:0, 20.08%), oleic acid
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(C18:1, 28.94%)), linoleic acid (C18:2, 37.87%), palmitoleic acid
(Cl16:1, 1.09%), and linolenic acid (C18:3, 5.17%)

According to the result obtained, 20.08% corresponded to methyl
esters with saturated chains, whereas 73.07% was attributed to
unsaturated methyl esters. The results clearly show high
unsaturation of the jatropha oil. The high degree of unsaturation,
mainly due to the presence of linoleic acid methyl ester, is the
reason for the low viscosity of biodiesel produced in the present
work. According to the specified standards, the content of
linolenic acid methyl ester, a polyunsaturated fatty acid with three
double bonds, should be lower than 12% otherwise it can lead to
biodiesel rancidity. In the present work, this was found to be
5.17% which is according to the standards (Zuleta et al., 2012).
Oxidation stability is another parameter that ensures the stability
of biodiesel during long storage hours. The high concentration of
palmitic acid, which is responsible for good oxidation stability of
biodiesel, in the present work leads to good quality biodiesel. If
Biodiesel complies with the standards set by EN (European
norms) or ASTM (American Society for Testing and Materials)
then only it is considered suitable for use in compression ignition
engines. The main fuel properties of jatropha biodiesel such as
kinematic viscosity, density, flash point, and calorific value were
determined and compared with ASTM biodiesel standards.
Jatropha biodiesel shows viscosity value of 5.2 (mm?s), which is
comparably lower than the standard value 1.9-6.0. Low viscosity
of fuel will provide easy engine operation and increase the engine
life (Kumar & Sharma, 2016) while, high viscosity will result in
increased emission, damage to the pump, poor combustion
efficiency, and filter blockage (Ayetor et al., 2015). The density
of fuel affects the fuel injection properties such as spray
penetration, injection time, and calorific value which is the
important fuel property and shows the energy content of the fuel.
The density (0.86 Kg/L) and calorific value of biodiesel (40.3
MJ/kg) are within the range (for density it is 0.860-0.900 Kg/L
and calorifc value 40-45 MJ/Kg) required by the standard. In
other literature, the calorific value of jatropha biodiesel was 41
MJ/Kg (Rahman et al., 2010), so it was similar to the reported
result. Acid -the value of biodiesel is 0.46 mg KOH gm™ and it is
within the range of the specified limit of ASTM (0.5). It indicates
the chances of corrosion of the parts of the engine. A similar
result was reported by Rashid er al. (2010). Flashpoint is
important to fuel property for storage and safety. The flashpoint
of Jatropha biodiesel is 99, which is less than standard, so, it is
much safer than fossil fuel diesel because it decreases the chances
of fire hazard (Lee & Ha, 2003).

Conclusion

In this study, we examined the catalytic activity of CaO
nanocatalyst obtained from chicken eggshell (cheaper source) in
the production of biodiesel from jatropha oil. FTIR, SEM, XRD,
TEM, and TGA analysis of CaO nanocatalyst showed that the
synthesized nanoparticles are highly basic, contain a larger
surface area, and are porous i.e possess good catalytic activity.
We also optimized the various parameters affecting
transesterification and reached the result that 9:1 methanol to oil
molar ratio, 5% catalyst loading, 65°C reaction temperature, 3 h

of reaction time, and 240 rpm agitation speed are the optimum
conditions for maximum biodiesel production. Thus, the present
work results in reducing the cost of catalyst as well as using an
environmentally friendly catalyst. This can easily be used for
economical industrial production of biodiesel. Hence, we
conclude that CaO nanocatalyst is a potential catalyst for high-
quality biodiesel production.
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