{3

et FProceedings of the 45" Annuol International Conference, Workshop, and Exhibition of the
Chemical Society of Nigeria (CSN); 18%-23" September 2022

CATALYTIC PERFORMANCE OF NANO-CALCIUM OXIDE (N-CAO) FROM
DIFFERENT WASTE BONES AND COOKING OILS IN BIODIESEL
PRODUCTION

""Aliru O, Mustapha, ? Yemisi T. Afolabi, * Simeon G. Oladele, * Salihu F, Adisa

Department of Chemistry and Industrial Chemistry, Faculty of Pure and Applied Sciences,
Kywara State University Malete, PMB 1530, Ilorin, Kwara State, Nigeria,
*Corresponding Author: aliru.mustapha@kwasu.edu.ng

ABSTRACT

The trans-esterification procedures of refined wastc groundnut oil (WGO) and sunflower oil
(WS0) were optimized using calcium oxide obtained following combustion and analysis from
three distinet animal bones. The bone samples were crushed and calcined at 600 °C into fine
powders with particle dimensions of 49 nm. The transmission electron microscope (TEM),
scanmng electron microscopy (SEM), X-ray diffraction (XRD), X-ray fluorescence (XRF),
Brunnar Emmet Teller (BET), and Fouricr transform infrared spectroscopy (FTIR) techniques
were used to characterize calcined bones such as calcined fish bone {CFB), calcined cow bone
(CCB), and calcined chicken bone (CCHB). To make methyl ester, powdered caleium oxide
(Ca0) was cxtracted from discarded animal bones (FAMEs). The influence of the catalyst
dosage ratio on the physicochemical parameters of the produced biodicsel, such as yield,
specific gravity, density, kinematic viscosity, and acid values, was researched and evaluated,
Tus anaiysis oi fudings using e Statisticai Package for Sociai Sciences (55> soltware)
revealed that groundnut-based biodiesel (GNB) with CCB at 3.0 wt. % yiclded 95.0 %,
followed by sunflower-based biodiesel (SFB) with CCB 4.0 wt. % yiclded 95.0 %. The best
ideal trans-esterification reaction parameters were a 1:6 molar oil-to-methanol ratio, a 1 hour
reaction period, a 333 K reaction temperature, a 1000 rpm stirring rate, and a 3-4 wt. %t CaQ
catalyst loading. This study discovered that waste cooking oils and the calcium oxide derived
from them were excellent sources of materials that can improve biodiesel production and meet
American criteria for testing materials ASTM requirements

KEYWORDS: Catalytic performance, [rans-esterification, Optimisation, Calcium oxide,
Biodiesel

INTRODUCTION

Lvery nation's cconomic growth is heavily dependent on its energy supply. Energy is needed
by sectors of the economy like commerce, transportation, industry, agriculture, and the main
cnergy sources are fossil fuels like coal, natural gas, and petroleumn. Fossil fuel combustion has
increased environmental contamination issues as a result of widespread use of fossil fuels in
home and industrial operations [1-3].

The phrase "waste cooking o0il" merely means that the edible oil has been exposed to prolonged
high-temperature frying and is no longer suitable for use in a similar manner. Most citics in
developing nations discharge used cooking oil into the envitonment, creating problems for the
cnvironment, human health, society, and the economy [4]. The biodicsel produced from refined
used cooking oil delivers environmentally beneficial fuel with minimal hazardous oas
emissions, including SOx and NOx. The production of biodicsel from used cooking oil benefits
the environment, the economy, and wasle management. Solid catalysts have received a lot of
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attention recently for use in the manufacture of biodiesel [5]. Heterogeneous catalysts have to
be developed due to some restrictions, including the loss of biodiesel during washing, the
inability of catalyst reuse, and the need for exact scparation methods. The purpose of this study
is to assess the trans-eslerification process' catalytic efficacy of calcium oxide derived [rom
various waste sources (cow, chicken, and fish bones).

MATERIALS & METHODS

2.1 MATERIALS EXTRACTION AND CAO NANOPARTICLE PREPARATION
FROM CHOSEN ANIMAL WASTE

In Nigeria's Kwara State, Omu-aran was the source of the raw fish bones (RFB), cow bones
(RCHB), and chicken bones (RCB). Additionally, the waste cooking oils (WCOs) from
neighborhood cateries and groundnut cake fryers were wasle groundnut oil (WGO) and waste
sunflower oil (WS0). The rejected bone underwent a thorough water wash to remove any
extraneous materials that had adhered to its surface, two rinscs with distilled water, and a 24-
hour drying period in a hot air oven set at 105°C. Using a pulvenizer, the discarded bones were
broken down into tiny particles. In a vacuum furnace, the pulverized waste materials were
calcined at 600°C for two hours (Box-type resistance furnace). The heat treatment was
employed (o change carbonates and organic molccules into oxides [6]. The solid catalysts
(Ca() were then kepl in the dessicator.

2.2. CHARACTERIZATION OF NANO-CAO PARTICLES AND WASTE COOKING
OILS

With the help of scanning electron microscopy (SEM), X-ray diffraction (XRD), X-ray
fluorescence (XRF), Brunnar Emmet Teller (BET), and Fourier transform infrared
spectroscopy (FTIR), the morphology, elemental components, crystalline phases, diffraction
peak, and functional group of the solid alkaline (Ca0) catalysts were wdentitied. The chemical
characterization and refinement, which included the acid value (mg/KOH/g), were done in
accardanes with AOAC's recommendations 71

2.3 PROCESS OF TRANSESTERIFICATION

By first neutralizing the free fally acid with an acid catalyst (esterification) and then
{ransesterified with a base catalyst, the two refined cooking vegetable oils (RGO and RSO)
underwent trans-esterification in two steps to produce a higher yield of ester. Trans-
esterification at a predetermined molar ratio, reaction temperature, reaction duration, and
reaction speed [8]

3.0 RESULTS AND DISCUSSION
3.1. CHARACTERIZATION OF n-Ca0O AND WASTE COOKING OILS

Table 1(b) showed calcined fish bone (CFB), chicken bone (CChl 1), and cow bone (RCB),
whereas Figure 1(a) showed the FTIR spectra of raw fish bone (RFB), chicken bone (RChB),
and cow bone (RCRB) (CCB). All collagen-derived absorption bands, including those at 1545.45
cm-1 and 2800-3400 cm-1 bands, disappeared after caleination at 550-600°C, indicating that
the organic component had been eliminated from the bone samples. Figure | (a-f bands) at
721.58 cm and 1464.90 cm (WFB), 712.40 ¢cm and 1440.32 em (WChB), and 6027 cm and
§71.261 cm (WCB), respectively, show the presence of out-of-plane bending, asymmetric
stretching, and in-plane bending modes of the carbonate groups that were characlenistic of
natural dolomite. The vibration bands at 3495.35, 3412.86, and 3496.67 cm-1 corresponded to
the TR bands of calcined bones in figure 1(g). Additionally, the waste bones' organic content at
hand 2925.95 cm-1 supgested the presence of an alkyl C-H stretch. Similar peaks from crab
shell-derived CaO catalysts were scen [9].
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(a): Raw cow bone
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(d): Calcined chicken bone
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(c): Raw fish bone
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{f): Calened fish bone
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{g): Commercial calcium oxide
Figure 1: Bones of (a-b) cows, (c-d) chickens, (e-f) fish, and (g) commercial calcium oxide
in their raw and calcined forms.
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The morphology figures 2 (a - f) show the SEM micrographs of the natural and calcites of fish,
cow, chicken bones, and compared with standard commercial calcium oxide. The micrograph
disnlavs show the structures of irregular and heterogencous distribution of particle sizes of less
surface arca of CaCO3 and organic matter), as compared to the calcined bones at 600 °C.

(d)
Figure 2: Analysis [rom scanning electron microscopy (SEM) (a) Raw lish bone (REB), (b)
caleined fish bone (CEB), (c) raw cow bone (RCB), and (d) calcined cow bone

(e)raw chicken bone (RCHB) and (f) calcined chicken bone (CCHB).

The exothermic reactions that took place during the de-carbonation processes are presumably
to blame for the smaller, more homogenous particles that can be seen in the SEM micrographs
of the calcined animal bones. Figure 3 displays the TEM morphology of nano-Ca0 particles.
It proves the particles' spherical nature. The range of detected particle sizes was 35 to 49 nm.
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The XRD spectra of the raw and calcined animal bones are shown in Figures 4(a) through (b).
The conversion of aragonite (CaCO3) and chlorapatite (carbonated apatite) 1o calcium oxide
that has been increased by thermal treatment at 600°C for 2 hours was used to reference the
observed peaks using a standard Joint Committee on Powder Diffraction Standards file [10].
The carbonation and hydroxylation reactions that follow from direct exposure to ambient air
produce the production of hydroxyapatite and other phases on the surface of calcined fish and
chicken bones [11]. Peaks attributed to hydroxyapatite in calcined samples of catalyst produced
from ostrich bones displayed a comparable pattern [12].

Calcite (animal bones) has an oxide composition of CaO (70.87. 64.19. and 70.20 % for CFB,
CCB, and CCHhB, respectively), and it may be used as a biodiesel base catalyst because of its
strong basicity, low toxicily, and straightforward water interactions (Joschek, 2016). The
remaining 48.8 %was made up of minute amounts of other metal oxides (Mg0Q, Si0, P205,
NapO, Al20s, K20, FeO, Cr203, TiO2, NaxO and 503). According to research, these oxides,
which are active transesterification materials, increase the catalyst's fundamental strength [12-
14].
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The effects of the catalyst dosage on the yields of refined groundnut oil-based biodiesel
(RGOBD) and refined sunflower oil-based biodiesel (RSOBD) is shown in figure 5. The
catalyst dosages Tor groundnut oil-based biodiesel at 1.0 wt. % of CaQ produced 70, 86, and
85 % of CFB, CCB, and CCHB, respectively. The catalyst dosages for sunflower oil-based
biodiesel at 1.0 wt. % of CaO produced 95, 70, and 60 % of CFB, CCB, and CChE,
respectively. The production of sunflower biodiesel was 95% when 2.0 wi% Ca0 was used.
TFor sunflower biodiesel, the 4.0 wt.% of CaO for CFB, CCB, and CChB generated 88, 95, and
86 %, respectively; for groundnut biodiesel, the 4.0 wt.% of CaQ produced 75, 80, and 95 %;
and for CTB and CCB, the 5 wi% of Ca0 produced 75 and 80 %. The data and the findings
were in agreement [13].

RS50BD % yield RGOBD %yield
100
: '-I:.-.: 1
80 LR 00
60 5
i 50
e
“ &
20 L8 0
Ll 1 ? 3 ] 5
0
1 2 2 4 5 6 S i e
® FBGORD Yyield | CAGOBD Xyield 11 CHGOBD Hyield

P FESOBD % yield 8 CASUBD Hyield ~ CHBSOBD %yield
Figure 5: The yields of RSOBD and RGOBD as a lunction of catalyst dosage
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CONCLUSIONS

After characterization, the use of waste cooking oils from sunflower and groundnuts and
methanol as catalysts for the generation of biodiesel was examined to ascertain their catalytic
effectiveness. The results showed that the optimum catalyst dose was 4 wt %, with better yields
and specific gravity, density, kinematic viscosity, and acid values that arc within the
recommended standards of ASTM. The results were obtained by using various catalyst doscs
made from three animal bones and two used cooking oils. Because of'its accessibility, low cost,
poor solubility in methanol and ease of handling, the catalyst produces excellent results. The
cost of producing biodiesel can be decreased by using calcium oxide made from calcined
animal bones because il has relatively less negative environmental effects.
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