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Fig. 6 — XPS spectra for (a) Cu /CaO broad scan spectrum, (b) C 1s, (c) O 1s, (d) Ca 2p and (e) Cu 2p

BET Analysis: Brunauer—Emmett-Teller

To determine the surface area of the produced
catalyst, a plot was created by plotting the pressure
(p/p.) against the adsorbed nitrogen (cm’/g) at STP.
Drying of the catalyst required degassing the
sample (powder) at 200°C for 24 h prior to BET
analysis. The pore size, pore volume and surface
area are found to be 275.826 A°®, is 0.030571 cm’/g,
and is 4.8893 m?/g, respectively (Fig. 7).

Impact of response conditions about the production of
biodiesel using Cu-Cao catalyst

Different parameters such as temperature and the
amount of catalyst loaded, reaction time and the
molar ratio of ethanol to oil were studied. In order
to determine the optimal molar ratio of ethanol to
fuel, loading of the catalyst was adjusted between
5% and 12% in relation to the oil mass. The results
showed that the conditions such as loading of
catalysts 9%, a response period a molar ratio of 3 h
and 12:1 of ethanol to oil were adequate to achieve
the highest possible product yield of 90%.

Fig. 7— BET graph of Cu/CaO catalyst
Temperature-dependent consequences of calcining for the
catalyst's performance

The impact of activation temperature on the
transesterification activity of several catalysts was
examined within the 600-1000°C. The catalyst
Cu/CaO calcined at 900°C had the highest level of



MADIGA et al.: Cu-DOPED CHICKEN EGGSHELLS AS CATALYST FOR PRODUCTION OF GREEN BIODIESEL 629

100

954 ——06:1
—e—12:1

904 —a—15:1

Biodiesel yield (%)
~
[¢)]
3

IS
o1
(o]
~
o]
©
-
o
-
=y
=
N
-
w

Catalyst (%)

Fig. 8 — Impact of molar ratio of catalyst to oil on biodiesel
conversion
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Fig. 9 — Impact of the molar ratio of ethanol to oil on biodiesel
conversion

catalytic activity between various temperatures of
calcination. The remarkable entire source component
of the C900's catalytic reaction is the catalyst's surface
having an ideal number of active sites. It was
discovered that C900's pore volume and BET surface
area were much higher than those of activation of
catalysts at 800°C, 900°C, and 1000°C.

Effect of catalysts loadings

The experiment involved raising the catalyst's
intensity loading between 5 and 12 wt%, and the
conversion of biodiesel was seen from Fig. 8.
However, in some cases, the biodiesel production
begins to decrease when catalyst loading increases
from 7 to 8 wt%. The results indicate that a catalyst
concentration of 9 wt% provided the appropriate the
quantity of active sites needed to generate the
maximum amount of biodiesel transformation 90%.
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Fig. 10 — Impact of reaction time on the production of biodiesel

Impact of ethanol to oil ratio

The greatest yield ever reported was 90%, and the
production of biodiesel rapidly decreases as the
percentage of ethanol compared to oil increases (15:1)
as shown in Fig. 9. When the ethanol oil ratio
exceeded the recommended level of 15:1, the
biodiesel yield decreased. Ethanol's polar hydroxy
group also serves as an emulsifier, making it harder to
separate the biodiesel product from the glycerol®”,
which reduces the synthesis of ethyl ester. Because of
this, it was decided that the best molar ratio for
ethanol and oil in this study was 15:1.

Impact of reaction temperature

The impact of reaction temperature (between 55
and 70°C) on Azadirachta indica seed oil-derived
biodiesel output was examined. The highest impact
was observed at 65°C on ethyl ester conversion
process; following this, the biodiesel conversions
dropped. High temperatures induce reactant
molecules to collide more frequently, which results in
miscibility and mass transfer’”®. The amount of
biodiesel produced dramatically dropped once the
temperature of the reaction exceeded 65°C. The high
temperatures at which the ethanol vaporized and
remained in the reactor may have decreased the
amount of ethanol available for the reaction®,
resulting in a drop in the biodiesel conversion.

Impact of response time

The production of biodiesel with reaction time is
shown in Fig. 10. The highest production is observed
at 3 h and when the transesterification reaction was
allowed to continue for more than three hours, the
amount of biodiesel produced essentially dropped.
Accordingly, the catalyst with a loading for 9 wt%
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Fig. 11 — Reusability of the catalyst in the transesterification
process of biodiesel production

was found to be the result of the reaction value
optimization experiments, to generate 90% biodiesel,
the following conditions must be met: ethanol to oil
molar ratio of 12:1, reaction temperature of 65°C, and
reaction duration of 3 h.

Reusability test

Fig. 11 illustrates the ideal response circumstances
for the recycling test among the C900 the catalyst,
this was carried out using a fresh reactant. The
utilized catalyst was removed from the reaction
mixture by filtering it after each run, followed by a
three-hour oven drying period at 110°C and an n-
hexane wash to get rid of any absorbed components.
The finding indicated that up to seven runs might
provide a yield of at least 75%. But, after of seven
times, the yield began to decline. Organic
contaminants covering the catalyst's surface may
oxidize, resulting in a decline in transesterification
efficiency 7.

Characteristics of the catalyst, fuel, spectral and
chromatographic characterization of the biodiesel,
Contribution of the study towards Green chemistry,
Process mass intensity, comparison of CaO catalysts
to other heterogenous catalysts and Future outlook
based on the study are discussed under Supplementary
information.

Conclusion

The potential of neem seeds as a feasible and
sustainable way to produce a low cost biodiesel using
copper doped chicken eggshells was successfully
explored. The C900 catalyst functioned admirably and
generated a maximum yield of 90% under optimal
reaction circumstances of ethanol to oil molar ratio of
12:1, reaction temperature of 65°C, and reaction

duration of 3 h. The green catalyst offers a number of
benefits, including being inexpensive, easily
obtainable, because it is environmentally benign,
readily prepared, and biodegradable, it is a good
choice for large-scale biodiesel production.

Acknowledgements

The authors sincerely thank  CSIR-IICT
(IICT/Pubs./2024/273) for providing all the required
facilities.

Conflict of interest
The authors declare no conflict of interest.

References

1 Chozhavendhan S, Vijay P S M, Fransila B, Praveen K R &
Karthiga D G, A review on influencing parameters of
biodiesel production and purification processes, Curr Res
Green Sustain Chem, 1 (2020) 2666.

2 Vignesh P, Pradeep K A R, Shankar G N, Jayaseelan V &
Sudhakar K, A review of conventional and renewable
biodiesel production, Chin J Chem Eng, 40 (2021) 1.

3 Khurana S & Bhatnagar S, Non-edible oils as biodiesel,
Oils Fats Raw Mater Ind, (2024) 267.

4 Robert R J & Girish C R, Production of biodiesel from pork
lard waste and characterization of its properties, J Eng Sci
Technol, 15 (2020) 3876.

5 Mandari V & Devarai S K, Biodiesel production using
homogeneous, heterogeneous, and enzyme catalysts via
transesterification and esterification reactions: A critical
review, Bioenerg Res, 15 (2022) 935.

6 Daniel T, Oyekunle M B, Eman A & Gendy S K T,
Heterogeneous catalytic transesterification for biodiesel
production: Feedstock properties, catalysts and process
parameters, Process Saf Environ Prot, 177 (2023) 844.

7  Teketel A & Anshebo G A, Recent developments in catalysts
for biodiesel production applications, Adv Biod, (2023)
109483.

8 Onukwuli D O, Ezeugo J, Ude C N & Nwosu O K,
Improving heterogeneous catalysis for biodiesel production
process, Clean Chem Eng, 3 (2022) 100038.

9  Celik M Y, Dernekbas1 S & Sariipek M, Egg-and seashell
waste as a calcium source in snail (Cornuaspersum Miiller,
1774) feed: 1. Growth, mineral distribution in meat, shell and
faeces, and environmental effects, Environ Eff, 44 (2023) 90.

10 Ooi H K, Koh X N, Ong H C, Lee H V, Mastuli M S,
Taufig-Yap Y H, Alharthi F A, Alghamdi A A & Asikin M N,
Progress on modified calcium oxide derived waste-shell
catalysts for biodiesel production, Catalysts, 11 (2021) 194.

11  Zhang H, Zhang Y, Song H, Cui Y, Xue Y, Wu C E, Pan C,
Xu J, Qiu J & Xu L, Transition metal (Fe,03, Co30, and
NiO)-Promoted CuO-Based a-MnO, nanowire catalysts for
low-temperature CO oxidation, Catalysts, 13 (2023) 588.

12 Saleem M, Jamil F, Qamar O A, Akhter P, Hussain M,
Khurram M S, Al-Muhtaseb A H, Inayat A & Shah N §,
Enhancing the catalytic activity of eggshell-derived CaO
catalyst and its application in biodiesel production from
waste chicken fat, Catalysts, 12 (2022) 1627.



13

14

15

16

17

18

19

20

MADIGA et al.: Cu-DOPED CHICKEN EGGSHELLS AS CATALYST FOR PRODUCTION OF GREEN BIODIESEL 3]

Syah P R, Liyanita A, Arifah N, Puspitasari E S &
Hizam M, Enhanced -electro-catalytic process on the
synthesis of fame using CaO from eggshell, Energy
Procedia, 105 (2017) 289.

Legodi A, de Waal D, Potgieter ] H & Potgieter V S,
Rapid determination of CaCO; in mixtures utilising FT-IR
spectroscopy, Min Eng, 14 (2001) 1107.

Gareth J O, Rajendra K S, Farzad F, Mustafa A, Cheol-Min H,
Chinmaya M, Hae-Won K & Jonathan C, Knowles, sol—gel
based materials for biomedical applications, Prog Mater Sci,
77 (2016) 1.

Marin-Troya P, Espinosa C, Monasterio-Guillot L &
Alvarez-Lloret P, Carbonate minerals’ precipitation in the
presence of background electrolytes: Sr, Cs, and Li with
different transporting anions, Crystals, 13 (2023) 796.

Ismail R, Cionita T, Shing W L, Fitriyana D F, Siregar J P,
Bayuseno A P, Nugraha F W, Muhamadin R C, Junid R &
Endot N A, Synthesis and characterization of calcium
carbonate obtained from green mussel and crab shells as a
biomaterials candidate, Materials, 15 (2022) 5712.

Niju S, Begum M & Narayanan A, Modification of egg shell
and its application in biodiesel production, J Saudi Chem
Soc, 18 (2014) 702.

Sun Z, Wu Z, Zong Y, Li C, Guo W, Guo Y & Zou X,
Construction of metal-organic framework as a novel platform
for ratiometric determination of cyanide, Biosensors, 14
(2024) 276.

Kumar V, Kumar A, Verma M, Singh S, Pandey S, Singh L,
Singh N & Mandal K, Observation of unusual griffith’s
phase behavior in quadruple perovskite oxide CaCu;Mn,O,,

21

22

23

24

25

26

27

(CCMO) synthesized through chemical route, Arab J Chem,
13 (2013) 20.

Nassar M, Noureldien M, Moustafa I & Aly H, A facile
hydrothermal synthesis of S-VO,-cellulose nanocomposite
for photocatalytic degradation of methylene blue dye,
Processes, 11 (2023) 1322.

Kavitha G, Vinoth K J, Abirami N, Arulmozhi R, Siranjeevi R
& Satish R, Arabian green synthesis of copper oxide
nanoparticles decorated with graphene oxide for anticancer
activity and catalytic applications, J Chem, 13 (2020) 6802.
Ampairojanawong R, Boripun A, Ruankon S, Suwanasri T,
Cheenkachorn K & Kangsadan T, Separation process of
biodiesel-product mixture from crude glycerol and other
contaminants using electrically driven separation technique
with AC high voltage, Electrochem, 4 (2023) 123.
Castillo-Génzalez J P, Alvarez-Gutiérrez P E, Adam-Medina M,
Lopez-Zapata B 'Y, Ramirez-Guerrero G V & Vela-Valdés L G,
Effects on biodiesel production caused by feed oil changes in
a continuous stirred-tank reactor, Appl Sci 10 (2020) 992.
Silva C R, Esperanca M N, Cruz A J G, Moura L F &
Badino A C, Stripping of ethanol with CO, in bubble
columns: Effects of operating conditions and modeling,
Chem Eng Res Des, 102 (2015) 150.

Wang B, Wang B, Shukla S K & Wang R, Enabling catalysts
for biodiesel production via transesterification, Catalysts, 13
(2023) 740.

Siri F B, Sona B, Mainul H, Basanta K D, Manickam S,
Sujata B & Sanjay B, Advances in CaO-based catalysts for
sustainable biodiesel synthesis, Green Energy Resour, 1
(2023) 100032.



