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Abstract

Background: The current work is focused on investigating the potential of using lipid extract from activated sludge biomass and CaO
derived chicken eggshell catalyst for the production of biodiesel by transesterification. The effect of operating parameters catalyst
loading (2,5 and 7wt.%), reaction time (140, 210min) and temperature (55 and 60°C) on the yield of biodiesel were investigated.
The catalyst was characterized by X-Ray Diffraction (XRD), biodiesel composition was analysed by Gas Chromatography equipped
with Mass Spectroscopy (GC-MS), and the physicochemical properties of the biodiesel were assessed using the ASTM methods.

Results: The results obtained showed that catalyst loading had a greater effect on biodiesel yield compared to reaction time and
temperature. The highest biodiesel yield (93.19wt.%) was obtained using 7wt.% catalyst loading, at a constant temperature of

60°C, reaction time of 140 min and methanol: oil ratio of 6:1. The yield compared appreciably with the 96.44wt.% obtained using
a commercial CaO under the same conditions. The physicochemical properties such as the kinematic viscosity and cetane number

are within the ASTM standards.

Conclusion: The results show that producing biodiesel from waste materials may help to reduce the cost of production, and in en-
suring a sustainable wastewater treatment and management of eggshells.
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Introduction

Recent studies have highlighted the benefits of biodiesel, includ-
ing reducing greenhouse gas emissions and improving air quality.
According to Zivkovic and Veljkovic [1] biodiesel can reduce carbon
dioxide emissions by up to 78% compared to petroleum diesel. Fur-
thermore, biodiesel has a higher cetane rating, which means it ig-
nites more easily and burns more completely resulting in less emis-
sions [2]. The production of biodiesel has also been shown to have
a positive impact on rural economies. Biodiesel can be made from
a variety of feedstocks, including soybeans, canola, and sunflowers,

which can be grown by farmers [3,4]. This provides an additional
source of income for farmers and reduces reliance on imported oil.
In addition to reducing emissions and providing economic benefits,
biodiesel has also been shown to have positive effects on engine
performance. According to Ogunkunle [5], biodiesel can improve
engine power and torque, while reducing engine noise and vibra-
tion. Despite its benefits, there are also some challenges associated
with biodiesel. It has low energy density, relatively high production
cost and poor cold flow [6]. Biodiesel also has the potential to cause

@ @ This work is licensed under Creative Commons Attribution 4.0 License | AJBSR.MS.ID.003538. 319


WWW.biomedgrid.com
WWW.biomedgrid.com
http://dx.doi.org/10.34297/AJBSR.2025.27.003538

Am ] Biomed Sci & Res

engine damage if it is not produced and stored properly. Accord-
ing to Mehta, et al. [7], biodiesel can degrade over time and form
deposits that can clog fuel filters and fuel injectors. Proper storage
and handling can help prevent these issues irrespective of these
challenges, the availability and cost of feedstocks tend to hinder the
production of biodiesel. Thus, there is competition for feedstocks
between the biodiesel industry and the food industry. According
to Guo, et al. [8] the cost of feedstocks can vary depending on the
region and the time of the year. Biodiesel is mostly produced in
commercial quantity globally using edible feedstocks such as soy-
bean oil, rapeseed oil, canola oil, palm oil and coconut oil. The cost
of these feedstocks culminates to over 70% of the total production
cost, thereby making biodiesel uncompetitive with the convention-
al petroleum diesel [9,10]. The acid/base homogeneous catalysts
are utilized due to their high catalytic activities in the transesteri-
fication of oil/fat to biodiesel [11]. Although, the use of these cata-
lysts is constrained by the difficulty in separation of biodiesel which
is usually carried out by washing with water. This process, however,
leads to loss of Fatty Acid Alkyl Ester (FAAE), high consumption of
energy, and generation of large amount of wastewater [11,12]. The
use of these catalysts can also corrode the reactor, thereby increas-
ing the overall production cost of biodiesel in attempt to recover
the reactor. These problems can be eliminated by using heteroge-
neous catalysts which in addition can be reused severally without
losing their catalytic activity, thereby having a positive economic
impact in the biodiesel production [13-15]. This catalyst helps to
eliminate the neutralization and washing stage required using the
homogeneous catalysts. The use of heterogeneous catalyst is capa-
ble of producing a biodiesel with yield of nearly 100%, and purity
of over 99%, with glycerol by-product purity of over 98% in rela-
tion to approximately 80% which could be obtained using homoge-
neous catalysts [16,17].

Heterogeneous catalyst can be synthesized from biological
materials such as eggshells; animal bone and mollusc shell are cur-
rently being considered for the synthesis of bio-based catalysts due
to their high composition of calcium and carbon compounds [18-
23]. Bio-based catalysts are gaining traction in biodiesel production
probably because, they are environmentally friendly, inexpensive,
biodegradable, capable of eliminating wastewater generation, and
not harmful and corrosive [18].

For instance, chicken eggshells contain predominantly calcium
carbonate (94%) and other compounds such as magnesium car-
bonate (1%), calcium phosphate (1%) and organic matter (4%)
[22]. The high composition of calcium carbonate in eggshell and its
porous structure makes it suitable for synthesizing an active het-
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erogeneous catalyst [23,24]. Usually, the calcium carbonate is de-
composed at high temperature to obtain calcium oxide which can
be used as a heterogeneous catalyst for biodiesel production. This
treatment increases the catalytic activity of the calcium oxide due
to the modification in its surface structure [18]. Several research-
ers globally are investigating alternative feedstock and catalysts in
order to reduce the overall cost of producing biodiesel. Faroog, et
al. [25] investigated the production of biodiesel from date seed oil
using eggshell derived catalyst. Having explored the impact of the
calcine temperatures (800, 900 and 1000°C) of the eggshells on the
conversion efficiency. The result obtained using 5wt.% of eggshell
catalyst calcined at 900°C, methanol: oil of 12:1 and residence time
of 1.5h gave a conversion efficiency of 93.5%. Nadeem, et al. [26]
optimized the production of biodiesel from waste cooking oil using
eggshell derived MM-CaO. The biodiesel yield obtained was 75.2%
under optimum operating conditions of catalyst (1.5g) calcined at
800°C for 2h, reaction time (180min) and temperature (50°C). Ali,
et al. [27] investigated the effect of eggshell catalyst loading (1, 2,
3,4 and 5wt.%) on the biodiesel yield. The eggshells were calcined
at 900°C for 3h, and the transesterification reaction was conducted
at 100°C for 1hr while stirring at 600 rpm and the methanol: oil of
6:1 was used. The result obtained showed that there was an inverse
proportionality relationship between biodiesel yield and catalyst
loading with 1wt.% catalyst loading giving the highest biodiesel
yield of 64.0%. This is contrary to the result obtained by Odetoye,
et al. [28] in which it was reported that biodiesel yield increases
with increase in catalyst loading with the least catalyst loading 0.59
wt.% resulting to a biodiesel yield of 51.6% and the highest catalyst
loading 2wt.% giving 76.5 %. The increase in yield of the biodiesel
was attributed to the potential increase in contact between the cat-
alyst and chicken oil. Bharadwayj, et al. [29] studied the production
of biodiesel from Rubber Seed Oil (RSO) using calcium oxide syn-
thesized from eggshell as catalyst. The effect of methanol: oil molar
ratio (6-18 mol/mol), catalyst loading (2-6wt.%) and time (1-5h)
on the conversion of RSO was assessed. The result showed that the
highest conversion of RSO was 99.7% obtained at the optimum
operating conditions of methanol: oil (12:1) molar ratio, catalyst
loading (4wt.%) and time of 3h. The current work is focused on de-
veloping a sustainable biodiesel production through the use of res-
idue from wastewater treatment plant known as activated sludge
biomass and bio-based catalyst synthesized from chicken eggshells.

Materials and Method

The flow diagram showing the processes involved in producing
biodiesel from the activated sludge lipid extract using chicken egg-
shells as catalyst is presented in (Figure 1).
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Figure 1: Flow diagram of the processes involved in producing biodiesel from the activated sludge lipid extract using chicken eggshells as
catalyst.

Materials

The activated sludge lipid extract was obtained from the sub-
critical water mediated lipid extraction from activated sludge bio-
mass which was reported in a previous study Edeh, et al. [30]. The
lipid composition of the extract is presented in (Table 1). Eggshells
were collected from the farm of the Faculty of Agriculture, Univer-

Table 1: The composition of the activated sludge lipid extract.

sity of Port Harcourt, Nigeria, and used to synthesize the catalyst;
muffle furnace was used in calcining the eggshells to convert cal-
cium carbonate component of the eggshells to calcium oxide; and
Desktop Temperature Oven (DNP-9022A, Royal Care, UK) was used
in drying the eggshells before calcination. All the chemicals used
were of analytical grade and purchased from Destiny Chemicals
Ltd, Port Harcourt, Nigeria.

S/N Lipid Composition (%)
1 Triglycerides 42.89
2 Sphingolipid 2.33
3 Phospholipid 13.87
4 Glycerolipid 6.64
4 Glycerophospholipid 1.78
5 Steroid 10.86
6 Cholesterol 5.98
7 Fatty acid 15.68

Methods
Synthesis of Chicken Eggshells Catalyst

The chicken eggshells were washed with distilled water and
dried at a temperature of 60°C for 24h. After which they were
crushed with mortar and pestle to powdered form and sieved us-
ing a mechanical sieve of 212um pore size. The resulting particles
were calcined at 800°C in a muffle furnace for 3h and cooled to the
ambient temperature.

Catalyst Characterization

The composition of the calcined eggshell was analysed using
X-Ray Diffraction (XRD). A 5g of the calcined eggshell was put in
a conical flask and then mixed with a mixture of H,SO, and NaNO,

under continuous stirring in a water bath for 2h. The mixture was
prepared by mixing 115mL of H,SO, and 2.5g of NaNO, in a bea-
ker. A 15g of KM O, was added gently and stirred for Zhours. The
end product was quickly removed from the water bath and tight-
ly covered with an aluminium foil, stirred continuously for 30min
forming brown coloration. Dilute water of 230mL was added to the
mixture and was further stirred for 60min. Another 700mL of di-
lute water was added to the mixture. A yellow coloration was ob-
served when 10mL of 30% hydrogen peroxide (H,0,) was added.
The yellowish mixture was centrifuged at a speed of 800rpm and
washed using 5% hydrochloric acid (HCl) and dilute water for quite
a few times. The mixture was dried at a temperature of 60°C for
24h. A brown powdery coloration was observed after drying. The
brown mixture sample was collected using the sample holder and
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the collimator directed the X-ray beam to the sample. The electronic
detector (Charged-couple device) recorded the intensity and posi-
tions of the diffracted x-ray.

Biodiesel Production

The calcined shells were mixed with methanol at varied catalyst
loading of 2wt.%, 5wt.% and 7wt.% as prescribed by and Priti, et
al. [31] and Odetoye, et al. 28], respectively with the weight of the
methanol being at least 6 times that of the lipid to drive the reaction
to completion [32]. The lipid was then added to the mixture and
stirred at varied temperature of 50°C, 55°C and 60°C (temperature
a bit lower than the boiling point of methanol which is 64.77°C).
The transesterification reaction was carried out for varied reaction
time of 70min, 140min and 210min to obtained the optimum yield
of biodiesel. The biodiesel produced was allowed to cool down af-
ter the transesterification process and then separated from glycerol
using a separating funnel. The top layer containing the organic ma-
terials was then washed with warm water to remove the remain-
ing glycerol and traces of the catalyst. It was then dried to constant
weight using a laboratory drying oven. The process was repeated
using commercial calcium oxide catalyst for the biodiesel produc-
tion in order to evaluate the efficacy of the eggshell synthesized.
The yield (%) of the biodiesel was calculated using Equation 1(Ode-

Table 2: ASTM standard of biodiesel.
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toye, et al. [28]).

weight of biodiesel(g)
weight of the lipid extract

Yield (%) = x100% (1)

Analysis of Biodiesel

The biodiesel produced was analyzed using Agilent 6890gas
chromatograph with a 5973-mass spectroscopy detector to de-
termine its composition. The analyzer was equipped with 60mx-
0.25mm capillary column with internal diameter of 0.25um/MS-
WAX (Agilent). The injector temperature was 250 °C and the initial
oven temperature was 200°C which was held for 1min and then
heated to 230°C at the rate of 1.5°C per min before holding it for
10min at 280°C. The characterization and identification of FAMEs
from the sample was completed in the SCAN mode with the m/z
range varied from 35 to 450. Nitrogen was used as the carrier gas
at ImL/min flow rate. The physicochemical properties such as flash
point, kinematic viscosity at 40°C, cetane number, calorific value,
hydrogen and density were determined using ASTMs D93, D445,
D613, D6751, D6751 and D6751, respectively as shown in (Table
2).

Property Method ASTM Standards Prepared biodiesel Units
Composition FAME (C,,-C,,) FAME (C,-C,,)
Flash point D93 130 min 185.4 °C
Kinematic viscosity 40°C D445 1.9-6.0 2.34 Mm?/s
Cetane number D613 47 min 57.9
Calorific Value D6751 37.3 34.8 MJ/kg
Hydrogen content D6751 12 9.8 Wt.%
Density D6751 0.86-0.9 0.873 g/cm?® at 15°C

Results and Discussion
Analysis of the Catalyst

This was conducted using XRD to determine the composition
of the calcined eggshell. The result obtained is shown in Figure 2
and it shows that the calcium oxide with an amount of 84% is the

predominant compound. This confirms the decomposition of calci-
um carbonate to calcium oxide and carbon dioxide at the calcined
temperature of 800°C [18-19]. With the high amount of the calcium
oxide obtained, the synthesized eggshell catalyst can function as a
heterogeneous catalyst in catalysing the transesterification reac-
tion leading to the production of biodiesel [20].

Intensity (A.U)

] (] EQ

2-theta (deg.)

s [

Figure 2: XRD analysis of the calcined eggshell.
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Biodiesel Production

This was carried out by transesterification reaction using both
chicken eggshell synthesized catalyst and commercial CaO catalyst
at varied conditions of catalyst loading, reaction time and tempera-
ture. The chicken eggshell catalyst was synthesized by calcination
at 800°C and this helped to increase its surface area and pore size,
and supported the thermal degradation of CaCO, to Ca0 and CO,
[33].

Effect of Catalyst Loading on the Biodiesel Yield Using Chicken
Eggshell Catalyst

The impact of the catalystloading (2, 5 and 7wt.%) on biodiesel
yield was assessed at constant resident time of 140min, methanol:
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oil ratio of 6:1, and temperature of 60°C using both eggshell synthe-
sized and commercial CaO catalysts, respectively. As presented in
Figure 3, the result show that there was no appreciable difference
in the biodiesel yield obtained using the eggshell synthesized cat-
alyst and the commercial catalyst. Although, 7wt.% catalyst load-
ing gave the highest biodiesel yield using any of the catalysts with
commercial CaO catalyst showing a greater yield of 96.44%. This
may be due to increase in contact between the catalyst and lipid
extract, and increased number of the active sites available for the
transesterification reaction [25,28]. The result is in agreement with
that obtained by Das, et al. [34] although they reported a higher
biodiesel yield between 72 - 98 % (Figures 2,3).

120

100
80
60

40 -

Yield of biodiesel (wt. %)

20 1

m Eggshell synthesized catalyst ® Commercial CaO catalyst

30.34 3034

93,19 96.44

5 7
Catalysi loading (wl. %)

Figure 3: Effect of catalyst loading on lipid yield using synthesized eggshell and commercial catalysts, respectively at constant temperature
(60°C), reaction time (140min) and methanol: oil ratio (6:1).

Effect of Reaction Time on the Biodiesel Yield using Eggshell
Catalyst

The reaction time (140, 210min) on biodiesel yield was as-
sessed at constant catalyst loading (2wt.%) and temperature
(60°C) as shown in Figure 4 using both the eggshell synthesized
and commercial CaO catalysts, respectively. The result showed that
an increase in reaction time leads to a corresponding increase in

biodiesel yield although, it depends also on the catalyst loading
used with the highest biodiesel yield of 52.45% obtained using the
commercial CaO catalyst after 210min. This result agrees with that
presented by Odetoye, et al. [28] in which it was reported that the
highest biodiesel yield of 90.2% was obtained at the longest reac-
tion time of 3.42h and the lowest at the least reaction time of 1h.
Also, Farooq and Ramli [25] obtained a similar relationship be-
tween biodiesel yield and reaction time (Figure 4).
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Figure 4: Effect of reaction time on lipid yield using synthesized eggshell and commercial catalysts respectively at constant temperature (60°C),
biomass loading (2wt.%, and methanol: oil ratio (6:1)).
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Effect of Temperature on the Biodiesel Yield using Eggshell
Catalyst

The effect of temperature (55 and 60°C) on biodiesel yield was
assessed at constant catalyst loading (2wt.%) and time (140min)
as shown in Figure 5. The result showed that increase in tempera-
ture increases the biodiesel yield with the highest yield of 52.45 %
obtained at 60°C using commercial catalyst. This trend is expected
as increase in temperature leads to a corresponding increase in the
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kinetic energy of the reacting species, thereby increasing the rate of
collision among these species resulting to the increased miscibility
and mass transfer [35,36]. The result was corroborated by Farooq
and Ramli [25], although, they obtained a highest biodiesel yield
of 89.33% at an optimum temperature of 65°C using 5.0g of cata-
lyst derived from chicken bones, methanol: oil (15:1) and reaction
time of 4h. The disparity in the biodiesel yield is attributed to the
difference in the operating conditions, source of catalyst and the
composition of the feedstock (Figure 5).

Yicld of biodiesel (wt. %)
2

20 ¢

10 4

0+ s
55

m Eggshell synthesized catalyst

Temperature (°C)

m Commercial CaO catalyst

60

Figure 5: Effect of temperature on lipid yield using synthesized eggshell and commercial catalysts respectively at constant catalyst loading (2wt.
%), reaction time (140min) and methanol: oil ratio (6:1).

Biodiesel Analysis

The result of the FAME compositional analysis revealed that the
biodiesel produced contained C,-C,, which when compared to the
range of C,,-C,, prescribed by the ASTM standard showed a reason-
able compliance. The physicochemical properties of the biodiesel
such as flash point, kinematic viscosity, cetane number, calorific
value, hydrogen content, and density were assessed using various
methods presented in Table 2. The flash point of 185.4°C is higher
than the minimum of 130°C ASTM specification and this shows that
the biodiesel is flammable. The cetane number of 57.9 is greater
than the 47 minimum prescribed in the ASTM standards. This is
an indication that the biodiesel has a less ignition time and can
initiate combustion quickly [37,38,39]. The higher cetane number
obtained also shows that the biodiesel will burn efficiently with-
in the engine.39 The kinematic viscosity 2.34Mm?/s at 40°C of the
biodiesel is within the 1.9-6.0 Mm?/s ASTM standard and it is an
indication that the biodiesel produced may not clog the filter pump
when used in combustion engines. The biodiesel density of 0.873g/
cm?® obtained at 15°C is within the range of 0.86-0.9g/cm? of ASTM
specification. This shows that the biodiesel has a high potential
energy on volume basis [40]. The calorific value of the biodiesel
was 34.8M]/kg and when compared to the ASTM standard of 37.3
M]/kg shows a lesser value. This is an indication that the biodiesel
has a lower energy content than the ASTM standard of biodiesel,
although, this might not be appreciable. The lower heating value
may also be attributed to high degree of unsaturation of the fatty
acid composition [41]. The hydrogen content of the biodiesel pro-
duced was 9.8wt.% which is 2.2wt.% below the ASTM standard of

biodiesel. The presence of hydrogen in the biodiesel helps to reduce
the combustion time and increases the efficiency of the engine [3].

Conclusions

The current work has demonstrated that biodiesel can be pro-
duced from the activated sludge biomass lipid extract using chicken
eggshell derived catalyst. The highest biodiesel yield of 93.19 wt.
% was obtained using 7 wt.% catalyst loading, at a constant tem-
perature of 60°C, reaction time of 140 min and methanol: oil ratio
of 6:1. This shows that the chicken eggshell derived catalyst has
the capacity to catalyse the transesterification reaction. With this
result, producing biodiesel from waste materials could reduce sub-
stantially the cost of biodiesel production. The biodiesel produced
is of appreciable high quality as most of the physicochemical prop-
erties were within the range of the ASTM standard specification.
A more extensive investigation of the impact of the factors such as
temperature, reaction time, methanol: oil ratio, catalyst loading on
biodiesel yield is recommended.
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