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ABSTRACT

Rising population impacts the excessive consumption of petroleum fuels
leading to global warming and changes in the environment. As a result, it is
important to use renewable and clean energy such as biodiesel as a source of
energy to fulfil the energy requirement. It leads to complete combustion of fuel
and reduces exhaust gas emissions. This study focuses on the green production
of low-cost catalysts using discarded fish scale Labeo Rohita and optimised
biodiesel production using design expert software. Analytical tools such as
Xray diffraction (XRD), Fourier Transform Infrared spectroscopy (FTIR), and
Scanning Electron Microscopy (SEM) are used to analyse synthesized
catalysts. At optimal conditions, 90.21% yield of biodiesel was obtained at 1.5
wt.% catalyst concentration, at temperature of 65°C, and 1.5-hour reaction
time. Several properties of prepared biodiesel such as density, flash point, pour
points, and kinetic energy were evaluated and validated as per American
Society for Testing and Materials (ASTM) Standards.



Keywords: Green catalyst; Biodiesel; Fish scale catalyst; Response surface
methodology; Waste disposal; Design expert.

HIGHLIGHTS

e  Green synthesis of low-cost heterogeneous catalyst using fish scale.

e Analysis of heterogeneous catalyst using XRD, FTIR and scanning
electron microscope SEM

e Application of prepared catalyst for biodiesel production.

e  Optimization of biodiesel production using design expert software

e Verification of properties of prepared biodiesel as per international
standard

INTRODUCTION

The growing industrialization, urbanization, lifestyle standards and increasing
population have led to the huge energy requirements and is increasing day by
day. (Akhmat et al. 2014)(Kazemi and Hosseinzadeh 2016). The energy
consumption is 105 times faster than nature can produce. Thus, the natural
(Buchori, Istadi, and Purwanto 2017)energy sources are not sufficient to satisfy
future need of energy, moreover excessive uses of fossil fuel resulted into
global warming and ecological unbalance(Jo et al. 2013)(Khan, Hou, and Le
2021)(Energy 2001). Therefore, it is important to give attention on
nonconventional energy sources, but there stands a limitation as they are
expensive and requires large portion of land and infrastructure (Kumar et al.
2020).

Hence Biodiesel emerges as an effective alternative to conventional fossil
fuels. It derived from vegetable oils or animal fats by transesterification, which
is renewable, biodegradable and capable of significantly reducing greenhouse
gas emissions (Dewangan, Yadav, and Mallick 2018)(Kumar et al. 2020).

The biodiesel causes complete combustion of fuel due to excess amount of
oxygen present and results into low carbon emission. The various methods
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such as pyrolysis, microemulsion etc are used for biodiesel production but
transesterification is widely used (Zahan and Kano 2019). In biodiesel
production, catalyst plays significant role which reduces activation energy
thereby increasing the rate of reaction(Mardhiah et al. 2017). For this purpose,
homogeneous, heterogeneous and biocatalyst can be used(Goli and Sahu
2018). Heterogeneous catalysts have several advantages over homogeneous
catalyst including easy separation from the reaction mixture, reusability, and
reduced environmental impact (T. Tan et al. 2010). The utilization of waste
materials in catalyst manufacturing not only coincides with sustainability
objectives, but also addresses waste management difficulties (Yadav, Singh,
and Sharma 2017). Fish scales from the Labeo rohita (Rohu) species, which
are by-products of the fish processing industry, are a valuable resource. Instead
of being thrown, fish scales can be recycled to create low-cost, efficient
heterogeneous catalysts for biodiesel production(Sharma et al. 2012)

In this research, low cost waste fish scale is used to synthesis catalyst without
chemical reagent. It resolves the issue of fish scale storage, smell and reduces
catalyst cost. The fish labeo rohita has highest production in India and it
produces 2-2.5 lakh eggs per kilogramme of its body weight (Chandra and
Nautiyal 2012; Pakhira et al. 2015).It contains large quantity of omega-3 fatty
acid which is helpful to improve health in many aspects such as heart and brain
functioning(Majumder et al. 2018). Many researchers have utilized fish in
different manner for the production of catalyst. Notable are highlighted below.

(Krishna Kumar Jaiswal, et.al. 2018) prepared heterogeneous catalyst by
using fish scale, it resulted to 89.62% biodiesel yield. (Sulaiman et al. 2021)
used fish bone as a catalyst and obtained 90% yield of biodiesel after 2 hours
reaction time at 90° C.

(Tan et al. 2019) used fish bones catalyst and obtained 89.5% yield of
biodiesel after 1.54 hours reaction time and at 60°C.-(Goli and Sahu 2018)
prepared catalysts using chicken and eggshell, it resulted to 93% yield of
biodiesel.(Hangun-Balkir 2016) synthesized biodiesel by using eggshells as a
cheaper catalyst.



The objective of this research is to synthesis low cost heterogenous catalyst by
using waste fish scale, its characterisation as well as optimisation by using
design expert software. This research contributes to the field of sustainable
energy by addressing two critical issues: waste management and renewable
energy production. By converting waste fish scales into effective catalysts, the
study not only provides a low-cost solution for biodiesel production but also
adds value to fish processing waste, reducing its environmental footprint.

MATERIALS

Unrefined ground nut oil was used and Labeo rohita fish scales were collected
from fish market, High grade methanol of purity level greater than 99% was
used. A magnetic stirrer, Oven, heating mantle, a thermometer, a separating
funnel and refrigerator were used.

METHODOLOGY

The collected (labeo rohita) fish scale were washed in hot water and then
washed with lemon juice to get rid of its smell and then kept for sun drying.
After three days of sun drying, the scales were placed in a hot oven. The sun-
dried fish scales were roasted for six hours at 100°C. The dried scales were
subsequently pulverized. This fish scale powder was heated in the furnace for
two hours from 700 to 900°C. The synthesized catalyst was investigated using
analytical tools such as FTIR, XRD, and SEM. The prepared catalyst was used
for biodiesel production.

The biodiesel was prepared with unrefined ground nut oil, methanol, and the
catalyst. The unrefined ground nut oil and methanol ratio of 1:6 was
maintained, but the catalyst concentration and reaction temperatures were
adjusted.

The prepared biodiesel consists of a number of impurities, including unreacted
reactants, catalyst, and glycerol. It was kept in a funnel for 24 hours. After 24
hours in a funnel, two layers formed: a heavy layer rich in glycerol and a lighter
layer with biodiesel at the top. The contaminants in biodiesel were eliminated
during refinement.



Result & discussion

The catalyst was synthesized at temperatures of 700,750, and 900°C, and its
peak is illustrated in Figure 2. The peak at 900°C temperature has sharp peat at
1110 cm™ and 567 cm™!, however the peak at 700 and 750°C is not apparent.
It demonstrates that the main component of fish scale is hydroxyapatite, which
after calcination at 900°C converts to B-tricalcium phosphate, which is used as
a catalyst (Chakraborty, Bepari, & Banerjee 2011, Tan et al. 2019).

The peak detected at 3570 cm™! represents the stretching mode of the hydroxyl
group (Tan et al. 2019), while the peaks at 1041 and 945 cm™' show the
phosphate group.

XRD

The calcination at 900°C, the main component of fish scale is hydroxyapatite
which after calcination converted to B-calcium phosphate which works as
catalyst, hence calcination at 900°C considered for further analysis

XRD-ANALYSIS

The figure 3, shows the X ray diffraction plot at 900°C. It shows the intense
peak at 26.21, 33.13, 51.59 and 53.51shows presence crystalline b-tricalcium
phosphate (Chakraborty et al. 2011)(Jo et al. 2013). The main component of
fish scale is hydroxyapatite which after calcination converted to 3-Caz-(PO,)»
that can work as catalyst(Chakraborty, Bepari, and Banerjee 2011)(Zhu et al.
2010)(Sulaiman et al. 2021).

Scanning Electron microscope

The figure 4 (a), shows the scanning electron microscope image of catalyst
calcinated at 900°C.Figure a, b &c are the zoom images. It shows rough surface
with uneven pores and irregular strip of catalyst. The rough surface is more
effective and required more residence time for the reactant to carry out reaction
and resulted to high conversion. After calcination at 900°C, surface area was
found to be increased and resulted to more active rough surface which provided



more time for reaction and resulted in increment of conversion of reactants to
products.

The FTIR analysis shows that calcination temperatures at 900°C,
hydroxyapatite is transformed into b-calcium phosphate, and XRD determine
crystalline nature of b- calcium phosphate and SEM indicate rough, uneven
shape of the particles.

DESIGN EXPERT

The design expert software is used to optimise process parameters. The
parameters were optimized by design software-13. Traditional methods
optimize one parameter at a time, however this method optimizes a number of
parameters, therefore it reduces experimentations (Chakraborty, Bepari, and
Banerjee 2011). It develops the empirical model that have valuable statistically
relation with all variables. The experimental data was analysed by composite
design expert software to produce a regression model. The design expert
software recommended two-factor interaction regression models. The two-
factor interaction model was used to calculate predicated value and equation
for same is eqn -1 given below.

BiodieselYield = +90.21 + 0.03454 — 0.0159B + 0.0130C —
0.0012 AB — 0.0137 AC + 0.0188 BC — —[1]

Where, A, B and C are variable parameters

Table 1 Shows analysis of Variance (ANOVA)



Source Sum of df Mean F-value p-value
Squares Square
Model 0.0264 6 0.0044  28.82 <0.0001 significant
A Catalyst  0.0163 1 0.0163  106.77 <0.0001
conc
B-Temp 0.0035 1 0.0035  22.64 0.0004
C-Time 0.0023 1 0.0023  15.07 0.0019
AB 0.0000 1 0.0000  0.0819  0.7793
AC 0.0015 1 0.0015 991 0.0077
BC 0.0028 1 0.0028  18.42 0.0009
Residual 0.0020 13 0.0002
Lack of Fit ~ 0.0003 8 0.0000  0.1118  0.9961 not
significant
Pure Error  0.0017 5 0.0003
Cor Total 0.0284 19

AB, AC and BC are the interaction between variable parameters.

Table 1 illustrates that the ANOVA result can predict favourable findings

from experiments.

Model p value is less than 0.0001, shows model is

statistically significant. R? value is 0.99, shows that the model is highly
significant(Tan et al. 2019).

Table 2 Comparison of statistical models(Tan et al. 2019)(Xu, Gao, and Xiao

2015)
Source Sequential Lack of Adjusted Predicted
p-value Fit R? R?
p-value
Linear <0.0001 0.4268 0.7355 0.6282
2FI 0.0014 0.9961 0.8978 0.8748 Suggested

7



Quadratic  0.9994 0.9598 0.8674 0.8287
Cubic 0.8938 0.9004  0.8115 0.8694 Aliased

Figures 6 a&b to 8 a&b show 3D and contour graphs of all process variables.
Figures 6 a and b show a 3D and contour plot of catalyst concentration and
temperature. It was demonstrated that an increase in catalyst concentration up
to 1.5 w/v% and temperature up to 65°C led to a higher biodiesel yield.
However, further increases in concentration and temperature resulted in a
decline in biodiesel yield. The increase in catalyst concentration promoted
glycerol formation, which led to catalyst saturation and reduced mass
transfer(Yadav, Singh, and Sharma 2017). Additionally, at temperatures above
65°C, biodiesel yield decreased due to methanol evaporation (Garcia-moreno
et al. 2014; Leduc et al. 2009)Figures 7a and b show response and contour
plots of catalyst concentration and time, which are irrelevant because
temperature is the most important factor influencing biodiesel yield.

The regression model was used to determine the optimum condition
(Ayyalusamy and Mishra 2018) and the results are displayed in Figure 9. At
optimum condition, 90.21% biodiesel yield was obtained experimentally. The
validation of experimental data and predicted data were compared and verified.

Figure 10, depicts the FTIR spectra of biodiesel production using derived fish
scale and solid heterogeneous catalyst, the peak situated at 2923 cm™! and 2856
cm! showing the symmetric and asymmetric stretching vibration of CH in the
CH> and CHj3 groups (Shi et al. 2020)(Y. H. Tan et al. 2019a)(Chakraborty,
Bepari, and Banerjee 201 1a). The prominent peak at 1745 cm'! is the stretching
vibration of C=0 in ester. Peak at 1235 cm! indicates the existence of C-O
ester stretching vibration (Sulaiman et al. 2021)(Y. H. Tan et al. 2019a). The
bending vibration of HCH and CH; produces a peak at 1367 cm™ and 1456 cm’
{(Zhu et al. 2010)(Hangun-Balkir 2016) (Yang et al. 2020).All functional
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groups of biodiesels is present. The properties of prepared biodiesel were
evaluated and compared with international standard of biodiesel. It observed
that prepared biodiesel achieved all the properties of biodiesel as per American
standards of testing machine expert the pour point with slightly increased.

Biodiesel Characterization

Table 3 Shows properties of biodiesel derived from fish scale catalyst.

SI.  properties Unit Observations ASTM

No Standards
Biodiesel

1. Kinematic mm2/s 4.5 1.9-6.0

Viscosity at 40°C

2. Pour Point 'C —13°C -5-10

3 Flash Point 'C 141°C 100 - 150

4 Density (15 °C) 'C 872 860-890

Conclusion

The low-cost catalyst was successfully synthesized without the use of chemical
reagents. It was used in the manufacturing of biodiesel and process was
optimized using design expert software. Analytical tools such as FTIR, SEM,
and XRD were used for analysis, at the optimum conditions, 90.21% biodiesel
yield obtained at 1.5 wt.% catalyst concentration, 65°C, 1.5-hour reaction time.
Several physical parameters of biodiesel, including density, flash point, pour
points, and kinetic energy, were tested and validated using an American
Standards Testing Machine.
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Figure 4 SEM of waste fish scale catalyst at 900°C
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