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ABSTRACT
Activated calcium oxide extracted from crab shell impregnated on Na-ZSM-5 has
been investigated. Crab shells were collected, powdered and calcined at 900 °C, and CaO
was impregnated on Na-ZSM-5 and calcined at 550 °C for 10 h. The CaO/Na-ZSM-5 were
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characterized by X-ray diffraction, scanning electron microscopy and BET surface area.
The prepared catalyst was tested for its catalytic activity by transesterifing neem oil into
biodiesel in the presence of methanol. The influence of various parameters including
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reaction time, temperature, methanol to oil ratio, catalyst concentration and dosage were
also investigated. Produced biodiesel have also been tested using proton NMR
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spectroscopy. Biodiesel yield as 95% has been achieved with 15% CaO impregnated on
Na-ZSM-5 at 75 °C. The optimum transesterification reaction conditions were identified
as follows: reaction temperature, 75 °C; reaction time, 6 h; methanol-to-neem oil molar
ratio, 12:1; catalyst dosage, 0.2 g; and catalyst concentration, 15%. Based on the above
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study, it can be concluded that the calcium oxide impregnated Na-ZSM-5 can be a
potential catalyst for biodiesel production.
1. Introduction

EP

Due to increase in population and transformation in the life style, the demand for
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energy has been dramatically increased since the last century. Consumption of fuel has
doubled and expected to increase to several folds in the near future [1]. Much of the
energy demand has been fulfilled through natural resources, gasoline and coal. Higher
consumers of fossil fuels were transport and industrial sector. In the future, the demand for
fuel may heighten. Since the availability of fossil fuel is limited, the continuous use of
these resources will lead to their eventual depletion [2]. There is a constant search for the
alternate source of energy which will be eco-friendly due to the restricted obtainability of
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fossil fuels and the intensifying demand for energy. Major advantage of biodiesel is its
emission control of contaminants and carcinogens [3].
The major challenge for researchers is to produce biodiesel with high purity. Through
different ways, the biodiesel can produce via esterification and transesterification. The
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process mechanism and optimization will have a greater influence in yield and conversion.
Other ways to synthesize biodiesel without the presence of catalyst like subcritical [4] and
supercritical methods [5]. Main advantage of these methods as compared to the traditional
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catalytic methods is reduced time for the biodiesel production process [6]. Yet, its major
drawback is the requirement of larger quantity of alcohol and energy consumption. In
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recent years there have been many reports on solid base catalysts including molecular
sieve solid base catalysts, such as Na-X [7] and CaO/NaY [8], anion exchange resin
catalyst [9,10], metal oxides, such as CaO, MgO and SrO [11-16], supported solid base
catalyst [17-22], and resin-type solid base catalysts [23,24]. Among the above mentioned
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catalysts, CaO is cheaper and also possesses dynamic catalytic activity, favourable
reaction condition and re-usability. Also calcium is available abundantly in natural sources
like shells and bones. A study with Li doped CaO derived from egg shell for biodiesel

EP

production has been reported previously [14]. A report [15] on transesterification of
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soybean oil to biodiesel using CaO as a solid base showed that the life time of CaO is
longer than that of K2CO3/γ-Al2O3 and KF/γ-Al2O3 catalyst. Optimum water concentration
also has an influence on yield of biodiesel as the basic features of active site of CaO are
increased.

Boey et al. [25,26] show usage of calcined crab shells for biodiesel production through
central composite design approach. Various factors like reaction temperature, time,
catalyst dosage, concentration, methanol to oil molar ratio have a significant impact in
quality of biodiesel. Biodiesel from calcining mollusk shell at 800 °C has been previously
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studied by Viriya-Empikul et al. [27]. Boro et al. [14] reported the utilization of local shell
from Mumbai calcined as a catalyst with 93.3% yield. The yield of calcined discarded
mussel shell by Rezaei et al. [28] was 94.1%. Jairam et al. [29] transesterified the oil
extracted from soybean in the presence of calcined oyster shell impregnated on KI as a
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solid catalyst with a higher conversion of 95%. Current focus of researchers has been
utilizing the solid base heterogeneous catalyst like Li4SiO4 and LiAlO2 due to its
maximum activity and basic strength. Since the catalyst exhibits low viscous in nature it
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contributes to higher mass transfer which ultimately leads to more biodiesel yield. But the
basic strength of both the catalysts (Li4SiO4 and LiAlO2) is minimal when they are open to

than the above mentioned catalyst.
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air, as compared to CaO. Separation of CaO from crab shell is modest and also economical

In the present study, an attempt has been made to synthesize biodiesel from neem oil in
the presence of CaO impregnated ZSM-5 catalyst. The calcium oxide is considered as a
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good catalyst for the production of biodiesel [30]. The catalyst has also been characterized
through X-ray diffraction (XRD) and BET methods. Influences of reaction time,
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temperature, catalyst dosage and concentration were also investigated.
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2. Materials and methods

2.1 Chemicals and raw materials
Neem seeds were obtained from horticulture department, VIT University, Vellore,

India. Sulphuric acid and methanol were procured from Himedia, India with a purity of
about > 99%. Waste crab shells were obtained from the local fish market. With solvent
extraction process, the oil from neem seeds was extracted [31]. By using the discarded
crab shells, the catalyst (calcium oxide) was prepared.
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2.2 Catalyst preparation
The shells of crab were collected from local market and cleaned by washing in deionized water and then boiled for 20 min in water to remove the impurities. The washed
shells were kept in oven at 110 °C for 12 h. By using mill apparatus, the dried shells were
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powdered and further calcined at 900 °C in a furnace. When the calcination temperature

converted into calcium oxide (CaO) as:
CaCO3 → CaO + CO2 ↑
2.3 Synthesis of NaZSM-5 and CaO/ZSM-5

SC

reached at 900 °C, calcium carbonate (CaCO3) present in crab shells was completely
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Tetraethylsilicate (19.19 g) was mixed with deionized water (65 g) for the synthesis of
Na form of ZSM-5. Few drops of sulphuric acid were added slowly to the above mixture
to maintain the pH at 1. Further, Tetrapropyl ammonium bromide (2.39 g) and
Al2(SO4)3·18H2O (1.35 g) were added to the above mixture. After stirring for 10 min,
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NaOH (1.62 g) was added to form the hydrogel at pH 10. Final gel composition was
8.8Na2O:40SiO2:1Al2O3:3.9TPABr:1600H2O. The crystallization was done in an oven up
to 3 d at 180 °C. The crystallized product was extracted by filtration and washed
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continuously with water which was dehydrated at 100 °C and then it was calcined at 500
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°C in air. NaZSM-5 is the final product obtained by the reaction. The CaO coated ZSM-5
was prepared by mixing 6.3 g of calcined crab shell with 20 mL of distilled water. Further,
to the above mixture, 2 g of NaZSM-5 was added and agitated at 80 °C for 40 min. In
order to get a solid catalyst, drying of slurry was done at 105 °C for 12 h. The material
obtained was calcined at 550 °C in air for 10 h. Finally, the product is labelled as CaOZSM-5.
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2.4 Catalyst characterization
Using a Rigaku Miniflex diffractometer, XRD pattern was documented with Cu-Kα
radiation (λ = 0.154 nm). In 2θ range 5-40° at 0.02° step size and a 1s step time, the
diffraction data were recorded. Using Micromeritics ASAP 2010 volumetric adsorption
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analyzer, the nitrogen adsorption-desorption isotherms were measured at 77 K. The
sample was evacuated under vacuum at 100 °C (p < 500 Pa) before each adsorption
measurement in the degas port. BET equation was used to analyze the surface area. Based

2.5 Transesterification of neem oil
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volume was calculated using the BET plot.

SC

on the quantity of adsorbed nitrogen gas at the last adsorption point (p/p0 = 0.95), the pore

Neem oil was transesterified with methanol in liquid phase. To the round bottomed
flask fitted with a reflux condenser, neem oil (1 wt%), methanol (3–15 mol), CaO-ZSM-5
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catalyst (5 wt%) were added and heated at a constant temperature (75, 100 and 120 °C)
with concurrent stirring. The aliquots were periodically withdrawn from the flask (every 2
h) to determine progress of transesterification by centrifuging and characterize the fatty
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acid methyl ester (FAME) using 1H-NMR technique by using the instrument Bruker AV-
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III FTNMR with deuterochloroform (CDCl3) as solvent. The AME (protons of the ME
integration value) and Aα-CH2 (methylene protons integration value) influence the
conversion of triglycerides (TG) to ME. By using the following equation, the TG
conversion was calculated,
 % =

100 × 2
3 − 
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2.6 Analysis of properties of biodiesel
The essential properties of biodiesel were analyzed including viscosity, density,
calorific value, cetane number, fire point, flash point and relative density. Flash and fire
point were ascertained using Penksy martins apparatus, calorific value by bomb
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calorimeter, viscosity by red wood viscometer and cetane number by ignition quality tester.
In order to determine the fatty acid methyl ester (FAME) content, 325 mg of biodiesel
sample was weighed in a vial. Then, 5 mL of 10 mg mL-1 methyl heptadecanoate solution
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was added as an internal standard and mixed evenly for subsequent analysis using GS-MS.
The initial temperature was 50 °C for 5 min and the final temperature was 250 °C for 20
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min with heating rate of 10 °C min-1. The injector temperature was 250 °C with helium as
a carrier gas. To calculate the FAME content (%), the formula as reported by Duvekot [32]
was used.
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3. Results and discussion
3.1 Catalyst characterization

Based on the XRD pattern of ZSM-5, it is obvious that the synthesized samples were
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crystalline and the peak correlates with those of previous works [33]. CaO nanoparticle

AC
C

XRD pattern has been observed at the Bragg angles, 2θ = 32.45 and 37.54° (JCPDS data
77-2376). ZSM-5 support has been observed in the characteristic peaks at 2θ value of
23.82, 24.31, 29.22 and 29.86° (JCPDS data 00-044-0002). Almost disappearance of peak
around 2θ = 7, 8.2, 23.1 and 24.5° was seen due to interaction and occurrence of typical
zirconium peaks at 28.2 and 30.4°. This may be due to the change in lattice structure
during the reaction. The well-resolved CaO peaks indexed as (111), (200), (220), (311),
(222), and (400) diffractions in activated CaO impregnated ZSM-5 catalysts correspond to
lattice plane of CaO as confirmed from the JCPDS files for calcium oxide (JCPD, 37-
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1497) [36]. Fig. 1 shows XRD peaks of crab shell derived CaO and CaO impregnated
ZSM-5 catalyst calcined at 550 °C for 10 h.
Textural properties such as BET surface areas, pore volume and micropore volume of
Na-ZSM-5 at different concentration of CaO-ZSM-5 (5, 10 and 15%) were measured by
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nitrogen gas-desorption isotherms as presented in Table 1. BET surface area of Na-ZSM-5
before impregnation was found to be 365 m2 g -1. After impregnation and calcination. the
BET surface area of the prepared catalyst particles did not show much difference with
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only a slight reduction (Table 1). This may be due to creation of mesopores during
modification. Coating of surface area and pores by catalyst through impregnation process
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leads to reduction in surface area. Such changes in the textural parameters have already
been reported in the literature [35]. Reduction in BET surface area through the
impregnation and calcination process renders the reduction of pore volume significantly.
The calcined and impregnated catalyst was analyzed in scanning electron microscopy
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(SEM) to define the particle size and surface structure. The morphology was found to have
no regular arrangement due to higher calcination temperature. The activated catalyst
shows constructive surface area and pore column features due to the release of smaller
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molecules from the shell to form a porous material and the shape of the powder was also
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reported to be non-uniform [36]. Vujicic et al. [37] have reported that the calcination
temperature of 800 °C is necessary for the development of the CaO texture and a higher
temperature (> 900 °C) could lead to sintering of the catalyst (figure not shown).

3.2 Effect of various reaction parameters on biodiesel yield
3.2.1 Effect of catalyst concentration and reaction temperature
Neem oil was transesterified with methanol over pristine and calcium oxide
impregnated ZSM-5 (0.1 g) catalysts was analyzed at 75, 100 and 120 °C in liquid phase.
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Methanol and neem oil was kept for reaction at 6:1 feed ratio which was tested by
withdrawing the aliquots at 2-h interval to determine the progress of transesterification.
The biodiesel yield increased with increase in temperature and reached upto 91% over
15% CaO-ZSM-5 at 75 °C. The reaction is mainly catalyzed by Lewis base calcium oxide
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and Bronsted base ZSM-5 which leads to higher yield of FAME. Catalyst concentration
analysis correlates with a previous study [38] showing increase in yield with increase in
catalyst concentration. Since, transesterification is an equilibrium reaction; the temperature
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has an impact on equilibrium constant. Hence, rapid equilibrium rate can be achieved at
higher temperature when compared to lower temperature. Yet, higher temperature from
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100 to 120 °C showed decline in the yield of FAME. This can be described that inadequate
amount of methanol results in decrease in yield of fatty acid methyl ester. Catalyst with
adequate quantity will provide greater chances for the catalyst to react with the reactants
[39]. Formation of emulsion droplets by mixing the methanol and oil in the presence of
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catalyst will lead to the production of biodiesel [40]. Maximum yield of biodiesel is shown
at a moderate temperature 75 °C. This study relates to earlier reports stating that
temperature increase will lead to decrease in yield of fatty acid methyl ester [41, 42]. The
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reason might be due to methanol vaporization which results in lesser methanol to contact
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with reactants for the synthesis of fatty acid methyl ester [43]. In contrast a study showed
that increase in reaction temperature will result in increased biodiesel yield [44].
The higher the catalyst the higher will be the FAME yield. Effect of catalyst

concentration on FAME yield was determined at three different concentrations (5, 10 and
15%) with neem oil and methanol (3–15 mol). Maximal yield was observed at 15% of
CaO-ZSM-5. Based on Fig. 2 data, we can clearly observe that the increase of catalyst
concentration from 5 to 15 wt% will lead to increase in yield of biodiesel. This present
study is in accordance with Duraiarasan et al. [45] who showed constant increase in
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biodiesel yield at higher catalyst concentration. The amount of active sites will be higher
with increased catalyst concentration.
Effect of reaction time on yield of FAME was determined by withdrawing sample for
every 2 h interval. With increase in reaction time, the conversion was found to increase
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due longer reaction time for the reactants leading to high conversion. Maximum yield
(94%) was obtained at 6 h indicates the higher activity of the catalyst. Beyond 8 h, there
was no major change in the FAME yield (94%). Hence, it is determined 6 h as an optimum
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reaction time with a conversion of 94%. Similar study was done by Madhu et al. [38]
showing higher yield of FAME with increase in reaction time up to 2 h [46]. Yet further
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increase in reaction time has not shown significant changes in biodiesel yield since
extended reaction time may induce soap formation during hydrolysis of ester [47].
In the biodiesel production process, the methanol to oil ratio plays a significant role.
Fig. 4. illustrates the effect of molar ratio on biodiesel production. In order to enhance the
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rate of esterification, FAME yield and reaction completion, increased molar ratio is
encouraged even though the stoichiometric ratio of methanol : oil is said to be 3:1 [46].
The FAME yield has shown considerable increase from 40 to 90 wt% with molar ratio

EP

from 3:1 to 15:1. At a molar ratio of 12:1, maximum yield was achieved and there was no
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major change beyond this molar ratio level. Therefore, 12:1 is determined as optimum
molar ratio. The presence of excess methanol will lead to higher conversion of biodiesel
due to easy interaction between TGs and methanol molecules for the synthesis of biodiesel
[48]. Thus increased methanol to oil ratio is essential to acquire higher biodiesel yield
[45]. Further increase of molar ratio 15:1 showed lesser yield due to the glycerol formation
which will be dissolved in methanol and ultimately hinder the methanol catalyst
interaction [26].
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Influence of dosage of catalyst was determined with 15% CaO-ZSM-5 at a feed ratio
12:1 at 75 °C as it has a significant impact on yield of FAME. Table 2 shows the effect of
catalyst dosage on biodiesel yield. The yield of FAME (92.6%) was found to be maximum
with increase in catalyst dosage (0.1 to 0.2 g) and reached an asymptotic plateau at 0.2 g
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indicating that further addition of catalyst had no notable impact on FAME yield. The
reason behind this may be with maximum amount of catalysts in the reaction, the active
sites of the catalysts will be exposed to reactants, and beyond optimum amount the
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viscosity may increase leading to restricted reaction rate. There is no significant change in
yield from 0.15 to 0.2 g indicating that there is no reason to increase the catalyst dosage.
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The 1H-NMR spectrum analysis of FAME obtained on transesterification of neem oil
with methanol over CaO-ZSM-5 catalyst was performed with a peak at 3.30 ppm
identified as protons of O-CH3 as in other study [49]. The produced biodiesel was

Conclusions
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analysed to confirm its fuel properties (Tables 3 and 4).

Neem seed oil has been used as a raw material for the synthesis of biodiesel by using

EP

waste crab shell impregnated with ZSM-5 as a solid catalyst. Further, the catalyst was
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characterized by using XRD, SEM and BET analysis which was used for
transesterification and achieved. Optimized reaction conditions in achieving 95% yield
were identified as reaction temperature, 75 °C; reaction time, 6 h; methanol-to-neem oil
molar ratio, 12:1; catalyst dosage, 0.2 g; and catalyst concentration, 15%. Fuel properties
of the produced biodiesel were determined as per ASTM standards.

ACCEPTED MANUSCRIPT
References
[1] Bilgen S. Structure and environmental impact of global energy consumption. Renew Sust
Energ Rev 2014;38:890–902.

RI
PT

[2] Höök M, Tang X. Depletion of fossil fuels and anthropogenic climate change – a review.
Energ Policy 2013;52:797–809.

[3] Dorado MP, Ballesteros E, Arnal JM, Gómez J, López FJ. Exhaust emissions from a

SC

diesel engine fueled with transesterified waste olive oil. Fuel 2003;82:1311–5.

[4] Du Z, Tang Z, Wang H, Zeng J, Chen Y, Min E. Research and development of a sub-

Chinese J Catal 2013;34:101–15.

M
AN
U

critical methanol alcoholysis process for producing biodiesel using waste oils and fats.

[5] Demirbas A. Biodiesel production from vegetable oils by supercritical methanol. J Sci Ind
Res India 2005;64:858–65.

TE
D

[6] Kusdiana D, Saka S. Kinetics of transesterification in rapeseed oil to biodiesel fuel as
treated in supercritical methanol. Fuel 2001;80:693–8.
[7] Babajide O, Musyoka N, Petrik L, Ameer F. Novel zeolite Na-X synthesized from fly ash

EP

as a heterogeneous catalyst in biodiesel production. Catal Today 2012;190:54–60.
[8] Wu H, Zhang J, Wei Q, Zheng J, Zhang J. Transesterification of soybean oil to biodiesel

AC
C

using zeolite supported CaO as strong base catalysts. Fuel Process Technol 2013;109:13–8.
[9] Li J, Fu YJ, Qu XJ, Wang W, Luo M, Zhao CJ, et al. Biodiesel production from yellow
horn (Xanthoceras sorbifolia Bunge) seed oil using ion exchange resin as heterogeneous
catalyst. Bioresour Technol 2012;108:112–8.
[10] Shibasaki-Kitakawa N, Honda H, Kuribayashi H, Toda T, Fukumura T, Yonemoto T.
Biodiesel production using anionic ion-exchange resin as heterogeneous catalyst. Bioresour
Technol 2007;98:416–21.

ACCEPTED MANUSCRIPT
[11] Maneerung T, Kawi S, Wang CH. Biomass gasification bottom ash as a source of CaO
catalyst for biodiesel production via transesterification of palm oil. Energ Convers Manage
2015;92:234–43.

from soybean oil. Fuel Process Technol 2009;90:701–4.

RI
PT

[12] Liang X, Gao S, Wu H, Yang J. Highly efficient procedure for the synthesis of biodiesel

[13] Liu X, He H, Wang Y, Zhu S. Transesterification of soybean oil to biodiesel using SrO
as a solid base catalyst. Catal Commun 2007;8:1107–11.

SC

[14] Boro J, Konwar LJ, Deka D. Transesterification of non edible feedstock with lithium
incorporated egg shell derived CaO for biodiesel production. Fuel Process Technol

M
AN
U

2014;122:72–8.

[15] Liu X, He H, Wang Y, Zhu S, Piao X. Transesterification of soybean oil to biodiesel
using CaO as a solid base catalyst. Fuel 2008;87:216–21.

[16] Kouzu M, Kasuno T, Tajika M, Yamanaka S, Hidaka J. Active phase of calcium oxide

TE
D

used as solid base catalyst for transesterification of soybean oil with refluxing methanol. Appl
Catal A-Gen 2008;334:357–65.

[17] Ma H, Li S, Wang B, Wang R, Tian S. Transesterification of rapeseed oil for

EP

synthesizing biodiesel by K/KOH/γ- Al2O3 as heterogeneous base catalyst. J Am Oil Chem

AC
C

Soc 2008;85:263–70.

[18] Boz N, Degirmenbasi N, Kalyon DM. Conversion of biomass to fuel: transesterification
of vegetable oil to biodiesel using KF loaded nano-γ-Al2O3 as catalyst. Appl Catal B-Environ
2009;89:590–6.

[19] Zabeti M, Daud WMAW, Aroua MK. Biodiesel production using alumina-supported
calcium oxide: an optimization study. Fuel Process Technol 2010;91:243–8.
[20] Vyas AP, Subrahmanyam N, Patel PA. Production of biodiesel through
transesterification of Jatropha oil using KNO3/Al2O3 solid catalyst. Fuel 2009;88:625–8.

ACCEPTED MANUSCRIPT
[21] Teng G, Gao L, Xiao G, Liu H. Transesterification of soybean oil to biodiesel over
heterogeneous solid base catalyst. Energ Fuel 2009;23:4630–4.
[22] Liu H, Su L, Shao Y, Zou L. Biodiesel production catalyzed by cinder supported
CaO/KF particle catalyst. Fuel 2012;97:651–7.

basic resin as catalyst. Biomass Bioenerg 2010;34:272–7.

RI
PT

[23] Marchetti JM, Errazu AF. Biodiesel production from acid oils and ethanol using a solid

[24] Liu F, Li W, Sun Q, Zhu L, Meng X, Guo YH, et al. Transesterification to biodiesel with

SC

superhydrophobic porous solid base catalysts. ChemSusChem 011;4:1059–62.

M
AN
U

[25] Boey PL, Maniam GP, Hamid SA. Biodiesel production via transesterification of palm
olein using waste mud crab (Scylla serrata) shell as a heterogeneous catalyst. Bioresour
Technol 2009;100:6362–8.

[26] Boey PL, Maniam GP, Hamid SA, Ali DMH. Crab and cockle shells as catalysts for the

2011;88:283–8.

TE
D

preparation of methyl esters from low free fatty acid chicken fat. J Am Oil Chem Soc

[27] Viriya-Empikul N, Krasae P, Puttasawat B, Yoosuk B, Chollacoop N, Faungnawakij K.

2010;101:3765–7.

EP

Waste shells of mollusk and egg as biodiesel production catalysts. Bioresour Technol

AC
C

[28] Rezaei R, Mohadesi M, Moradi GR. Optimization of biodiesel production using waste
mussel shell catalyst. Fuel 2013;109:534–41.
[29] Jairam S, Kolar P, Sharma Shivappa R, Osborne JA, Davis JP. KI-impregnated oyster
shell as a solid catalyst for soybean oil transesterification. Bioresour Technol 2012;104:329–
35.
[30] Kouzu M, Kasuno T, Tajika M, Sugimoto Y, Yamanaka S, Hidaka J. Calcium oxide as a
solid base catalyst for transesterification of soybean oil and its application to biodiesel
production. Fuel 2008;87:2798–806.

ACCEPTED MANUSCRIPT
[31] Bobade S, Kumbhar R, Khyade V. Preparation of methyl ester (biodiesel) from Jatropha
curcas (Linn) oil. Res J Agric Forest Sci 2013;1:12–19.
[32] Duvekot C. Determination of Total FAME and Linoleic Acid Methyl Ester in Biodiesel
According to EN-14103. Santa Clara, CA: Agilent Technologies Inc.; 2011.

RI
PT

[33] Hardenberg TAJ, Mertens L, Mesman P, Muller HC, Nicolaides CP. A catalytic method
for the quantitative evaluation of crystallinites of ZSM-5 zeolite preparations. Zeolites
1992;12:685–9.

SC

[34] Sugi Y, Kubota Y, Komura K, Sugiyama N, Hayashi M, Kim JH, et al. Shape-selective
alkylation and related reactions of mononuclear aromatic hydrocarbons over H-ZSM-5

M
AN
U

zeolites modified with lanthanum and cerium oxides. Appl Catal A-Gen 2006;299:157–66.
[35] Zhang Y, Dubé MA, McLean DD, Kates M. Biodiesel production from waste cooking
oil: 1. Process design and technological assessment. Bioresour Technol 2003;89:1–16.
[36] Bazargan A, Kostić MD, Stamenković OS, Veljković VB, McKay G. A calcium oxide-

Fuel 2015;150:519–25.

TE
D

based catalyst derived from palm kernel shell gasification residues for biodiesel production.

[37] Vujicic D, Comic D, Zarubica A, Micic R, Boskovic G. Kinetics of biodiesel synthesis

EP

from sunflower oil over CaO heterogeneous catalyst. Fuel 2010;89:2054–61.

AC
C

[38] Madhu D, Chavan SB, Singh V, Singh B, Sharma YC. An economically viable synthesis
of biodiesel from a crude Millettia pinnata oil of Jharkhand, India as feedstock and crab shell
derived catalyst. Bioresour Technol 2016;214:210–7.
[39] Wu HT, Zhang JH, Wei Q, Zheng JL, Zhang JA. Transesterification of soybean oil to
biodiesel using zeolite supported CaO as strong base catalysts. Fuel Process Technol
2013;109:13-8.
[40] Zhang F, Fang Z, Wang YT. Biodiesel production directly from oils with high acid value
by magnetic Na2SiO3@Fe3O4/C catalyst and ultrasound. Fuel 2015;150:370-7.

ACCEPTED MANUSCRIPT
[41]

Thanh LT, Okitsu K, Sadanaga Y, Takenaka N, Maeda Y, Bandow H. A new co-

solvent method for the green production of biodiesel fuel – optimization and practical
application. Fuel 2013;103:742–8.
[42]

Patil PD, Gude VG, Mannarswamy A, Deng SG, Cooke P, Munson-McGee S, et al.

RI
PT

Optimization of direct conversion of wet algae to biodiesel under supercritical methanol
conditions. Bioresour Technol 2011;102:118-22.
[43]

Meher LC, Sagar DV, Naik SN. Technical aspects of biodiesel production by

[44]

SC

transesterification – a review. Renew Sust Energ Rev 2006;10:248-68.

Helwani Z, Othman MR, Aziz N, Fernando WJN, Kim J. Technologies for production

M
AN
U

of biodiesel focusing on green catalytic techniques: a review. Fuel Process Technol
2009;90:1502-14.

[45] Duraiarasan S, Razack SA, Manickam A, Munusamy A, Syed MB, Ali MY, et al. Direct
conversion of lipids from marine microalga C. salina to biodiesel with immobilised enzymes

TE
D

using magnetic nanoparticle. J Env Chem Eng 2016;4:1393–8.

[46] Freedman B, Butterfield RO, Pryde EH. Transesterification kinetics of soybean oil. J
Am Oil Chem Soc 1986;63:1375-80.

EP

[47] Leung DYC, Guo Y. Transesterification of neat and used frying oil: optimization for

AC
C

biodiesel production. Fuel Process Technol 2006;87:883–90.
[48] Ferrero GO, Almeida MF, Alvim-Ferraz MCM, Dias JM. Glycerol-enriched
heterogeneous catalyst for biodiesel production from soybean oil and waste frying oil. Energ
Convers Manage 2015;89:665–71.
[49] Knothe G. Historical perspectives on vegetable oil-based diesel fuels. Ind Oils
2001;12:1103–7.

ACCEPTED MANUSCRIPT
Table 1. Textural parameters of solid base catalysts and catalytic data calcined at 550°C

BET Surface
area (m2 g -1)

Na-ZSM-5
5% CaO-ZSM-5
10% CaO-ZSM-5
15% CaO-ZSM-5

Pore
volume
(cm3 g -1)
23.6
34.5
34.8
32.9

365
379
385
370

Micropore
volume
(cm 3 g -1)
0.126
0.147
0.148
0.146
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Catalyst

SC

Table 2. Influence of catalyst dosage on FAME yield. (Reaction conditions: catalyst
concentration 15%; reaction temperature 75 °C and molar ratio 12:1).

Yield of FAME (%)
1h
2h
3h
95
93
92
95
94
93
95
95
93

M
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U

Catalyst dosage (g)

TE
D

0.1
0.15
0.2

Table 3. Fatty acid content of biodiesel derived from neem seeds.
Units
°C
°C
mm2 s-1
mg KOH g-1
% volume
% mass

AC
C

EP

Properties
Specific gravity
Flash point
Cloud point
Viscosity @40 °C
Acid number
Cetane Number
Water & sediments
Carbon residue

method
ASTM D4052
ASTM D6751
ASTM D6751
ASTM D445
ASTM D664
ASTM D0975
ASTM D2709
ASTM D4530

Limits
100 to 170
-3 to 12
1.9-6
< 0.05
40 to 55
< 0.05
< 0.05

FAME
0.851
151
11
4.9
0.038
52.7
0.039
0.032

Table 4. Fatty acid composition of the produced biodiesel

S. No.
1
2
3
4
5
6

Fatty acid
Oleic acid
Linoleic Acid
Palmitic Acid
Stearic Acid
Arachidic Acid
Myristic acid

Formula
C18:1
C18:2
C16:0
C18:0
C20:0
C14:0

Composition (%)
61
16
12
10
0.3
0.2
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Fig. 1. XRD patterns of NaZSM-5 and CaO-impregnated ZSM-5.

Fig. 2. Effect of catalyst concentration (5, 10 and 15%) and reaction temperatures (75, 100
and 120 °C) on yield of FAME (Reaction condition: catalyst dosage 0.2 g; and reaction time 6
h and molar ratio 12:1).

SC

RI
PT

ACCEPTED MANUSCRIPT

100

3:1

M
AN
U

Fig. 3. Effect of reaction time on FAME yield. (Reaction condition: catalyst concentration
15%; catalyst dosage 0.2 g; reaction temperature 75 °C and molar ratio 12:1).
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Fig. 4. Effect of mole ratio on the yield of FAME with time (Reaction condition: catalyst
concentration 15%; catalyst dosage 0.2 g; and reaction temperature 75 °C).

