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using Fourier transformed infrared spectroscopy (FTIR) and X-ray
based diffraction (XRD). The FTIR as well as XRD results have
clearly shown the synthesis of heterogeneous based calcium oxide

nanocatalyst from waste eggshell, which is normally composed of calcium carbonate.
Therefore, waste eggshells can be considered as the promising technique and resource of

calcium for the applications in various fields.
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INTRODUCTION

Large amounts of solid waste which include industrial, municipal, as well as major hazardous
wastes is generating worldwide. Moreover, Food wastes are also a major source of solid
waste which causes major problems in health as well as in the environment. It has been

estimated that kitchen or food waste could increase the production from 44% from 2005 to
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2025.™ Rise in industrialization as well as population rise are the most important factors that
increase the solid wastes in the nation. Eggshell is also one of the solid waste materials that
contributes to the degradation of the environment. Restaurants, Domestic/households, as well
as bakeries are major sources of waste eggshells.””! The main constituent of pure eggshell is
calcium carbonate (CaCO3) which contains low porosity.? This egg shell waste could be
easily transformed into various value added products. Waste eggshells could also be useful as
the CaCO; source for other important applications in catalytic industries.** Moreover, the
most common tool to manage and utilize waste eggshell is synthesis of chemicals based on
Calcium sources. Utilization of waste eggshells could also provide benefits which is not only
regarding the environmental concern but also for the freeing of size for landfill sites.
Preparation of nanocatalyst is one of the attracting as well as more attentive processes
because of its better production related to its improved yield and surface area. Calcium oxide
based nanocatalysts have most applications in different fields. This product is also considered
as the active nanocatalyst for diversified applications in oil sectors.” Calcium oxide based
nanocatalysts have been produced and utilized as the source of adsorbents for removal of
heavy metals in water during wastewater treatments’® %, as source of CO, capture™ in
which CO, capturing capacity also increases with increase in surface area of the
nanocatalyst!*?, as well as heterogeneous nanocatalysts in production of biodiesel™ with
transesterification process and bio-oil with pyrolysis process. This type of nanocatalyst have
also been synthesized by different methods like ultrasonic based method™™*, hydrogen based
plasma metal reaction™, the biopolymer based method™™® microwave based method™”,
calcination based!*®!, co-precipitation based™® thermal decomposition based®” and chemical
based co-precipitation'?, etc. These methods are having various drawbacks like the use of
costly additives, high pressure and temperature conditions, time consuming process, high cost

and complicated process.

This method of calcium oxide based nanocatalysts synthesis overcomes most of these
drawbacks from above mentioned protocols. This method of synthesis is very simple, low
cost, less time consuming and moreover does not require any expensive equipment during
production. This method of production is carried at lower temperature as well as with

atmospheric pressure.

Due to this, this method can be the promising process for synthesizing calcium oxide based

nanocatalyst. Today, waste eggshell is mostly utilized in various industrial
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applications.®*22l This method of production can be shown as low cost, easy as well as

eco-friendly.

2. MATERIAL AND METHODOLOGY

2. 1 Preparation of CaO based Nanocatalyst

Empty chicken egg shell waste was collected. Briefly, the egg shells were washed with warm
tap-water to remove unwanted material adhered on the surface and rinsed thoroughly with
distilled water and then dried in hot air oven at 120°C for 24 h. The chicken egg shells were
finely crushed using a blender and passed through 60 mm sieve mesh. The powered egg
shells were calcinated in a muffle furnace at 900°C for 3 h. above 800°C, calcium carbonate
of the egg shells was decomposed to calcium oxide and carbon dioxide.

Figure 1: Preparation of catalyst.

The CaO obtained was refluxed in water at 60°C for 6 h, and dried in a hot air oven at 105°C
overnight. The solid dried particles were further grounded using a blender and dehydrated by
calcinations in furnace at 870°C for 3 h to convert hydroxide to oxide form and stored under
vacuum in a desiccators. Therefore, highly active CaO nanocatalyst was synthesized from
chicken egg shells.

2.2. Characterization

Characterization process of synthesized CaO based powders was tested by Fourier based
transformed infrared spectroscopy (FTIR). The chemical analysis of raw eggshell and
synthesized CaO nanoparticle was performed using X-ray fluorescence spectrometer
(Bruker). The crystalline structure analysis of synthesized CaO nanoparticle was analyzed by
X-ray based diffraction (XRD) with diffraction pattern angles of 20 from 10° to 90°. The
FTIR spectroscopy (Thermo Scientific) was used to determined the different functional

groups present in the synthesized CaO based nanoparticle.
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RESULTS AND DISCUSSION

FTIR spectrum graph of CaO based nanoparticle, is shown in Figure 2. This graph
characterizes the CaO based synthesized nanoparticle which is prepared using waste
eggshells.
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Figure 1: FTIR spectrum of CaO based nanocatalyst.

The FTIR graph results of CaO based nanocatalyst showed various band centering at 1415.52
cm*; which is basically the characteristic of an C-O bond that shows a bond in between
oxygen atom, carbonate & calcium atom.[?®! Moreover, there are two more sharp bands as
shown in spectrum at 711.62 as well as 875.54 cm™* which is showing C-O bond.”*®! These
peaks of CaO based nanoparticles correspond with commercial CaCO5 at 2360.48 cm™* that
represents the N—H bond which is caused by the amines as well as amides present fiber of the
eggshell membrane.?*!
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Figure 1: XRD pattern of CaO based nanocatalyst.
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CONCLUSION

In the present study, calcium oxide based nanocatalysts were prepared from the waste
eggshell. This technique has more advantages over other conventional methods or processes
for synthesizing various metal oxides based nanocatalysts. This is such a simple, economic,
with no expensive equipment, sustainable with low temperature and having no pressure
requirements. The FTIR as well as XRD results have clearly reporsenting the synthesis of
waste egg shells based calcium oxide nanocatalyst, which mainly consist of calcium

carbonate.
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