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Abstract—The use of biodiesel is a proactive measure that can be implemented to reduce emissions of greenhouse
gases and other adverse environmental impacts. However, one of the major setbacks to biodiesel production is its rela-
tively higher cost compared to petroleum diesel. The optimistic solution to this is valorization of biomasses like waste
chicken fat (WCF) and clay for deriving non-edible oil and catalyst respectively. Herein, we report the synthesis of clay
derived SiO, catalyst impregnated with SrO, Bi,O;, CuO and CaO. The developed catalysts were characterized by FTIR,
XRD, and SEM. XRD studies confirmed the successful impregnation of active metallic oxide on SiO, support. Further,
these catalysts were employed for biodiesel production from WCE and SrO/SiO, was found to be most effective and
efficient catalyst for biodiesel production from WCE Hence, SrO/SiO, was adapted to optimize the different transester-
ification reaction parameters such as methanol to oil ratio, catalyst loading, reaction temperature and time. The opti-
mized conditions for maximum biodiesel yield 98.9% were found to be 65°C in 1 h with 12: 1 methanol to oil ratio
and 1 wt% catalyst loading. The biodiesel produced was also analyzed by GC-MS. The obtained biodiesel yield shows

that clay can be a potential, and cost-effective, catalyst source to produce biodiesel from WCE

Keywords: Biodiesel, Transesterification, Heterogeneous Catalyst, Animal Fat

INTRODUCTION

Energy has been continuously consumed by different sectors to
enhance the human lifestyle [1-4]. That is why fossil fuels are rap-
idly consumed for energy generation to meet energy demand. But
fossil fuels (non-renewable) have limitations in terms of environ-
mental safety and economics [5-8]. Hence, the development of an
appropriate and long-term alternative to fossil fuels is required
owing to their high cost, which has become a serious economic
obstacle [9,10]. These long-term sustainable resources are renew-
able, such as wind, geothermal, solar, waves, and biomass, which
are easily available, cost effective, and environment friendly [11-
14]. Biomass resources are the most shining stars in reducing toxic
emissions by fossil fuels. Biomass can produce renewable energy
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like biofuels and replace fossil fuels [15-17].

Biodiesel fuel (BDF) is a sustainable form of energy that can con-
tribute to the reduction of carbon dioxide as well as other green-
house pollutants [18,19]. It has the potential to fulfil the energy needs
of the world’s most important industries, including those that deal
in transportation, agriculture, commerce, and industrial resources
[20-22]. Because of its one-of-a-kind properties, such as a higher vis-
cosity than regular diesel, a higher energy content as a result of hav-
ing no sulfur content, and a higher cetane number, which creates
low emissions, it is a superior alternative to regular diesel [23,24].
Edible and non-edible oils are different feedstocks for producing
biodiesel [25,26]. Furthermore, non-edible oil has risen to the fore-
front of this field because of its ability to circumvent the food-ver-
sus-fuel conundrum that is caused by edible oils [27]. The type of
feedstock that is utilized is the primary contributor to economic
considerations, each of which has the potential to have a signifi-
cant impact on the cost of producing biodiesel [28,29]. Because of
this, the production cost can be decreased by the utilization of feed-
stocks obtained from non-edible oils and biomass (cheaper feed-
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stock). Eventually, choosing feedstock becomes a significant factor
in biodiesel production [30].

Waste chicken fat (WCF) can be found in different sectors like
hotels, restaurants, slaughter-houses, and farming businesses [31].
WCEF is not directly utilized by humans and is thrown out openly,
generating a variety of health and environmental issues [32]. To alle-
viate these problems, it is preferable to implement strategies that
involve the valorization of wastes of this kind in order to produce
a variety of useful products [33]. As reported in the literature, WCF
is mostly made up of free fatty acids and triglycerides and consid-
ered as a most attractive source for producing biodiesel [34]. Bio-
diesel made from WCF provides a number of advantages over
conventional biodiesel, including lower emissions and a higher
cetane number [35]. In addition, the biodiesel that is created through
the utilization of WCEF possesses a quality known as oxidative sta-
bility. The process of transesterification, which entails the subse-
quent extraction of oil from WCEF after the oil has been extracted,
is uncomplicated and economical [36]. This reaction results in methyl
esters with glycerol as by-product upon reaction of triglycerides
and methanol at appropriate conditions. Particularly, adopting dif-
ferent catalysts can enhance the rate of transesterification reaction
[37,38]. There has been a significant amount of research done on
homogeneous and heterogeneous catalysis for the purpose of opti-
mizing the yield of biodiesel. However, heterogeneous catalysts are
currently in the spotlight due to their separability, reusability, and
relatively low cost [39,40]. However, the synthetic methods of pro-
ducing heterogeneous catalysts are not only unsuitable but also
expensive from an industrial point of view [41-43]. Hence, nanocata-
lysts obtained from cheaper feedstocks are gaining interest [44-46].

Clay is easily accessible and a promising source of SiO,, an active
catalyst for producing biodiesel [47,48]. The lone SiO, is neither
stable nor active because it takes such a long time to achieve equi-
librium conversion [49]. There are several publications available in
the literature that concentrate on improving the properties of SiO,
through the application of a variety of various chemical and physi-
cal techniques [50-53]. It is also possible to draw the conclusion
that activity and stability of SiO, can be increased through differ-
ent active metal oxides. The loading with suitable metal oxide con-
siderably improves the characteristics of the catalytic processes. The
metallic oxide particles strain because of the strong connection
between the metal and the support, which strengthens the cata-
lytic behavior. The addition of suitable metallic oxide, on the other
hand, can also improve the basic characteristics of the surface. Hence,
herein, we report and investigate the catalytic properties of clay
derived SiO, impregnated with four metallic oxides (SrO, B,O;,
CaO and CuO). To the best of our knowledge, there has been no
report on investigating the catalytic properties of clay derived SiO,
impregnated with these metallic oxides in a comparative manner.
The prepared catalysts were further used for trans-esterification of
WCE oil. Also, this paper emphasizes the optimization of various
parameters for producing biodiesel from oil obtained from WCE

MATERIALS AND METHODS

1. Materials
The clay samples were collected at COMSATS University Islam-
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abad Lahore campus (gardening area) to prepare the catalyst base.
Strontium, calcium, copper, and bismuth salts were purchased from
Merck, UK. For the delamination of the Clay or SiO, extraction,
H,SO,, HCl, HNO,, and CH;COOH were used. WCF for bio-
diesel production was obtained from a local shop.

2. Synthesis of Catalysts

The precursor SiO, was prepared by washing 100 g of clay with
distilled water and stirring at 500 rpm for 8 h. Washed clay was fil-
tered and further dried for 4h at 110°C. To delaminate the clay
samples (20 g each), they were stirred with four different acid solu-
tions (0.2 N) of HCI, H,SO,, HNO,, and CH;COOH, for 4 h. The
samples were filtered followed by washing with DI-water to neu-
tralize the pH and dried at 110 °C for 4 h. Finally, four samples of
precursor SiO, were prepared by treatment with four different acids.
The active metal impregnation method used for the final catalyst
was as follows. The solutions (4 wt%) of desired salts (strontium
chloride, calcium chloride, copper chloride, and bismuth nitrate)
were prepared by dissolving them in appropriate quantity of dis-
tilled water and slowly dispersed on SiO, support drop by drop.
The obtained slurry was dried in oven at 80°C to let the water
evaporate followed by calcination at required temperatures for all
precursors. The prepared catalysts were characterized by XRD, FT-
IR, SEM and used for transesterification of WCE
3. Catalyst Characterization

XRD was performed using a Rigaku diffractometer in 26 angle
range of 5-80° with a 2° step size. An FT-IR spectrophotometer (Per-
kin Elmer Frontier) was used to identify the surface groups of the
catalysts in the wavenumber range of IR spectra (700-4,000 cm™").
The morphology was studied using SEM.

4. Biodiesel Production

The collected WCF underwent washing and cleaning before
extraction of oil. The washing and cleaning were achieved by using
distilled water to remove dust particles and other odorous wastes
five times. The washed and cleaned WCF (300 g) was melted at
65 °C to convert it into liquid oil. The suspension was then filtered,
centrifuged, and decanted to remove the suspended particles. The
transesterification process was carried out in a 500 mL three-neck
round bottom flask connected to a reflux condenser and thermo-
couple. After proper mixing of catalyst in methanol, the oil was
heated at 60 °C, utilizing a round-bottom flask with stirring. After
the completion of the reaction, the product was filtered and poured
into a separating funnel. After 24 h settling time, biodiesel and glyc-
erol layers formed, and the biodiesel was separated. Reaction parame-
ters were investigated in different ranges 6: 1 to 14: 1 (methanol to
oil ratio), 1 to 5wt% (catalysts loadings), 55 to 70 °C (temperature)
and 0.5 to 3 h (time). The steps involved in biodiesel production
can been seen in Fig. 1.

The composition of FAME in the reaction products was found
by GC-MS (GC: Agilent 6890N and MS: 5973N) with an inert mass
selective detector (model 5975). The DB1 (30 mx0.32 mmx0.1
pm) as capillary column, and helium carrier-gas was used. The
flow rate of helium gas was 10 mL min™". The yield was calculated
using Eq. (1).

Weight of produced FAME

Biodiesel Yield (%)= Weight of used of

%100 1
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Fig. 1. The different steps adopted in biodiesel production.

RESULTS AND DISCUSSION

1. Catalyst Characterization
1-1. XRD Studies

The XRD pattern of the precursor silica and four catalysts are
shown in Fig. 2. The bottom spectra represent the profiles of the
untreated/original clay. The peak of clay treated with acids show a
high-intensity peak of silica SiO,. The strong acid resulted in a
high reflection at 268 values of SiO, particles at 26.52°. For the modi-
fied samples of the synthesized catalyst, the peaks representing the
metal oxides are encircled. It can be observed that acid treatment
did not change the phase of the catalyst; moreover, no additional
peak was present in the spectra representing the clay samples mod-
ified with acids. It can be seen in SrO-SiO, spectra, there was an
additional peak at 30.4°. SrO catalyst shows prominent reflection
peaks at 20=30.31, 50.54°, and 63.04 [54-56]. Further on, the spec-
trum representing SiO, modified with bismuth oxide shows an

9.04 21.15| 26.52 50.22 60.08
sl = 0 . CuO/Sio,
~ L . Ca0Isio,
- N
1 | I Sro/sio,
& A
y VT o
~
2
" -
§ U | l SiO/HNO,
s J
I I SiO HCI
| | l Sio_H,S0,
1. ! L PureSiO,
M Ll > 1 v l M Ll M L
0 20 40 60 80 100
20 (degree)

Fig. 2. XRD characterization of silica-supported catalysts.
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additional peak at 27.1°. Similarly; the spectra representing addition
of CaO and CuO show additional peaks for pristine silica dioxide
at 20.9° and 41.2° respectively. The diffraction pattern of CaO
reveals enhanced peaks at 20=37.3° and 53.8° [57]. The bismuth
silicate crystal catalyst structure was examined, and initial diffrac-
tion peaks centered at range of 20-68° and reported at 21°, 27.5°,
32.6°, 34.9°, 43.0°, 44.9°, 51.8°, 55.0°, 56.6°, 58.1°, 61.1°, 62.6°, 64.0°,
66.8°, and 68.2° crystal planes of crystalline cubic phase of Bi,
Si,0y, [58]. It can be seen clearly that pure SiO, contains no addi-
tional peaks of metallic oxides. Meanwhile, the impregnated catalysts
show additional peaks of corresponding metallic oxides, which shows
the successful impregnation of metallic oxides on SiO, support.
1-2. FTIR Studies

FTIR spectroscopy allowed for the identification of several func-
tional groups, as shown in Fig. 3. In this O-H stretching region,
the band prominent at 3,000-3,750 cm™' and C=0 stretching was
observed at 1,428 cm™' and 1,702 cm ', O-Si bending at 1,035 cm ™,
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Fig. 3. FTIR characterization of silica and silica-supported catalysts.
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and C-H stretching at 2,800-2,950 cm™". Peaks at 3,699 cm ™, 1,462
cm™', and 1,118 cm ™' belong to vibrating carbonate-bond in cata-
lyst, whereas the peaks 3,450 and 1,772cm™ belong to H-O-H
deformation of H,O physically adsorbed on the surface [59]. The
FTIR spectra of SrO/SiO, and SrO stretching peak at 300-750 cm ™'
are shown in Fig. 3. Si-O stretching was observed at 1,035 cm™".
For Ca0/SiO,, Ca-O is responsible for absorption in region 700-
900 cm™' [60]. Si-O stretching at approximately 1,035cm™ was

clearly observed for SiO,. O-H stretching was observed at 3,200-
3,500 cm™’, and the C=O stretching was observed at 1,428 cm™".
The bending absorption of the Cu-OH bond was at 690 cm ™, indi-
cating the presence of Cu(OH), [61]. For CuO/SiO,, CuO bend-
ing absorption appeared at 601, 1,350, 1,500, 2,750-2,925cm’,
and Si-O stretching was observed at a wave number of 1,035 cm™".
The vibration of the Bi-O bond in a stoichiometric molecule is
associated with the 630 cm™' peak. The peaks 415cm ™' and 1,011

Fig. 4. SEM analysis of (a) SiO, precursor, (b) SrO/SiO,, (c) CuO/SiO,, (d) CaO/SiO,, and (e) Bi,O;.

November, 2023
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cm™ belong to vibrating Bi-O bond in oxide B,O; and Si-O bond,
respectively [62]. In this study, SiO, supported Bismuth oxide cata-
lyst peaks were observed, as shown in Fig. 3. Bi-O bending absorp-
tion was observed at 650, 1,000, and 1,250 cm ™" with Si-O stretching
at1,035cm™".
1-3. SEM Analysis

Scanning electron microscopy (SEM) was used to examine the
morphology of the synthesized catalysts. The images are shown at
high-resolution magnification of up to x200k. The precursor sil-
ica SiO, shows the crystalline morphology of silica needles, as
shown in Fig. 4(a). In the SrO/SiO, catalyst, SrO particles are dis-
tributed on the pristine SiO, base and display a crystalline mor-
phology (Fig. 4(b)). The CuO/SiO, catalyst exhibits irregular edges
in the long and block crystal morphologies, as shown in Fig. 4(c).
CaO/SiO, catalyst morphology analysis resulted in a spherical porous
crystal structure, as shown in Fig. 4(d). Similarly, the Bi,O,/SiO,
analysis shows that the aggregated crystalline morphology also
formed large holes, as shown in Fig. 4(e).
2. Product Analysis
2-1. GC-MS Analysis

Biodiesel was analyzed by using the GC-MS technique to iden-
tify unknown ester constituents. GC-MS detected all triglyceride
components during transesterification, including myristic acid,
palmitic acid, and linoleic acid. The FAMEs were identified using
library (GC-MS) investigation to verify the retention time and mass
fragmentation. The biodiesel prepared from the SrO/SiO, catalyst
(B1) possessed major esters such as lauric acid, stearic acid, satu-
rated fatty acids, and unsaturated fatty acids, with a retention time
range of 11.4-32.7 min. The esters have a specific retention time,
which helped us identify the components shown in Fig. 5. The
biodiesel prepared from the Bi,0,/SiO, catalyst (B2) had major
esters, such as palmitic acid, eicosanoic acid, palmitoleate acid, stea-
ric acid, and unsaturated fatty acids with a retention time range of
11.4-36.6 min. The esters have a specific retention time, which helped
us identify the components shown in Fig. 6. The biodiesel prepared
from the CuO/SiO, catalyst (B3) had major esters such as oleic acid,
palmitic acid, eicosanoic acid, and unsaturated fatty acids with a
retention time range of 10-28.8 min. The esters have a specific reten-
tion time, which helped us identify the components shown in Fig.
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Fig. 5. GC-MS analysis of B1.

7. The biodiesel prepared from the CaO/SiO, catalyst (B4) had major
esters such as oleic acid, palmitic acid, eicosanoic acid, and unsatu-
rated fatty acids with a retention time range of 10-28.8 min. The
esters have a specific retention time, which helped us identify the
components shown in Fig. 8. The GC-MS results of biodiesel pro-
duced using four different catalyst B1, B2, B3 and B4 are presented
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Table 1. Composition biodiesel synthesized by four catalysts B1, B2, B3 and B4

Bl B2 B3 B4
Retention .. Retention .. Retention .. Retention .
. Composition . Composition . Composition . Composition
time time time time
104 Lauric 114 Decadienal 10.3 Lauric 10.5 Lauric
17 2,8-Heptadecanoic 18.2 Palmitic 19.5 Palmitic 19.6 Palmitic
19.5 Heptadecanoic 20 Palmitoleate 20.6 Oleic 20 Oleic
20.6 Tetradecanoic 21 Heptadecanoic 21.7 Heptadecanoic 21 Heptadecanoic
21 Stearic 22 Tetradecanoic 22.5 Heptacosane 22.3 Heptacosane
22.5 n-Octacosane 235 Stearic 235 Docosane 26 Tetratetracontane
26 Saturated Fatty 25.6 Tetratetracontane 26 Tetratetracontane 28.8 Eicosanoic
27 Octadecadienoic 274 Eicosanoic 27.3 Eicosanoic
100 100 N
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S g
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Fig. 9. Biodiesel yield using different catalysts A (SrO/SiO,), B (CaO/
$i0,), C (CuO/SiO,) and D (Bi,0,/SiO;).

in Table 1.
3. Parametric Study

Fig. 9 shows the biodiesel yield obtained from the transesterifi-
cation of WCF using the four different catalysts, SrO/SiO,, CaO/
SiO,, CuO/SiO, and Bi,O,/SiO,. The biodiesel yield was found to
be lower (80.6%) for Bi,0,/SiO, among all types of catalysts used
in this study. Meanwhile, CuO/SiO, and CaO/SiO, produced 86.3%
and 94.5% biodiesel. SrO/SiO, was found to be the more effective
and efficient catalyst for maximum biodiesel yield (98.8%) due to
enhanced catalytic properties in comparison to all reported cata-
lysts herein. That is why SrO/SiO, was selected and used for fur-
ther investigating the effect of different reaction parameters on
biodiesel yield.
3-1. Methanol-to-oil Ratio

Methanol (alcohol)-to-vegetable oil molar ratio is one of the most
important factors affecting ester synthesis. The ratio in the range
of 6:1-14:1 at 65°C was investigated by keeping the other parame-
ters constant shown in Fig. 10. The reaction was incomplete when
the molar ratio was <12: 1. The biodiesel yield increased with an
increase in the methanol-to-oil ratio. Moreover, it decreased when

November, 2023

Fig. 10. Effect of methanol to oil ratio on yield.

the ratio increased beyond 12. This decline in biodiesel yield at a
higher ratio can be due to the phase separation issue of product
and by-product, thus tending to decrease the biodiesel yield. Thus,
the maximum yield 98.9 wt% was obtained at methanol-to oil-molar
ratio of 12.
3-2. Catalyst Loadings

The biodiesel yield may have been affected by an inaccurate
amount of catalyst. More catalysts lead to inadequate mixing, which
causes some catalysts to become unreactive, resulting in a lower
conversion. Furthermore, when the amount of catalyst in the mix-
ture was increased, the mixture became thicker, causing mixing
issues. Lower yields at low catalyst concentrations can be attributed
to incomplete reactions and the consequent difficulty in phase
separation due to emulsification [63]. The effect of catalytic activity
is shown in Fig. 11, and its performance was analyzed by varying
the loading quantity with respect to the oil used. The reaction rate
increased to 2wt% of oil; then it decreased to further loading up to
5wt% by keeping the other factors constant. The maximum biodiesel
yield (98.9 wt%) was obtained when catalyst loading was 1 wt%.
3-3. Reaction Time

The reaction time is a significant factor in biodiesel production,
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affecting its yield. As transesterification is an equilibrium reaction,
it needs adequate time for reaching equilibrium. Further, there is
also need of good contact time for reactants to reach the active
sites of catalyst for further reaction. Fig. 12 depicts the effect of reac-
tion time on biodiesel yield. It can be seen that as time was in-
creased to 60 min, a rise in biodiesel yield was found; however,
further increase in time showed a decline in biodiesel yield. This
can be due to the possibility of reaction occurring in reversible direc-
tion. The maximum biodiesel yield (98.9 wt%) was obtained when
reaction time was 60 min.
3-4. Reaction Temperature

The biodiesel yield depends upon mass transfer characteristics
in the system upon varying temperature [64]. Fig. 13 shows the
effect of reaction temperature on biodiesel yield. It can be seen
that the yield was lower at 55 °C due to less conversion. However,
maximum yield of 98.9% was observed at 65 °C. Upon further in-
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Fig. 13. Effect of temperature on yield.

crease in temperature, the yield started to drop again due to evap-
oration of ethanol, resulting in loss of mass transfer in the system.
Thus, it can be concluded that the among all synthesized cata-
lysts, SrO-SiO, can be effectively used as active catalyst for biodiesel
production. Based on parametric studies, it can be concluded that
the optimum yield of biodiesel was 98.9 wt%. In the presence of a
heterogeneous catalyst, the reaction normally follows three steps:
The reactants are absorbed on the catalyst, a reaction occurs between
the reactants on the active sites, and the last products are desorbed.
Therefore, a similar reaction occurred in the current study.

CONCLUSION

WCEF and clay are potential low-cost sources of raw materials
for biodiesel production. In this study, four different clay-derived
catalysts (SrO/SiO,, CaO/SiO,, CuO/SiO, and Bi,0,/SiO,) were suc-
cesstully synthesized as biodiesel catalysts. The clay-derived hetero-
geneous catalysts were suitably employed in the transesterification
(valorization) of waste chicken fat that was extracted through a
simple non-solvent method. The primary focus of optimization study
was on SrO/SiO, catalyst, which produced the maximum yield
among all the synthesized catalysts due to improved catalytic proper-
ties. This catalyst shows excellent performance for the conversion
of WCF into fatty acids methyl ester/biodiesel. The optimized
results show that the maximum yield achieved under reacting con-
ditions was 98.9%. Hence, this work has demonstrated the transes-
terification of oil from chicken slaughter waste while adopting a
cheap, non-solvent process for extraction and subsequently using
cheap source of catalyst. Moreover, pilot scale investigation of the
process is recommended as future work for adequate and realiz-
able commercialization of the process.
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LIST OF ABBREVIATIONS

BDF : biodiesel fuel

WCF : waste chicken fat

H,SO, : sulfuric acid

HNO, : nitric acid

CH,COOH : acetic acid

XRD :x-ray diffraction

FT-IR : fourier transform infrared

SEM : scanning electron microscopy

GC-MS : gas chromatography mass spectroscopy
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