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ABSTRACT

In this we study about environmental pollution is a major threat to human health and
ecosystems, particularly when it comes to water pollution from industrial waste that contains
organic dyes and other dangerous chemicals. The unregulated discharge of these pollutants into
water bodies puts aquatic life in jeopardy and contaminates the water unfit for human
consumption. Photo-catalysis, a technology that employs light to activate catalysts and break
down pollutants into harmless chemicals, is one promising approach to solving this problem. By
using this creative method to clean up contaminated water, industrial pollution can be prevented
from having a negative impact on the environment and public health. We investigated the use of
Calcium Oxide composite with Activated carbon (CaO/AC) synthesized from Eggshell (ES) and
Banana peels(BP) ) for the removal of methylene blue (MB) from wastewater. Pristine biomass
of BP as its corresponding biochar-based nano composites were synthesized by pyrolyzing at
400°C for 1.5 hr. The TGA-DTA was used for thermal analysis. The result showed 800°C as the
point at which stable metal oxide is formed. XRD was used for crystalline size determination.
FTIR was determine functional group of compound and SEM was showed morphological surface
of samples. Activated carbon was synthesized (AC) and characterized XRD crystalline. The
synthesized CaO NPs and composite of CaO with AC were examined for photocatalytic dye
degradation of dyes such as Methylene blue (MB) in aqueous medium. Where composite form of
CaO with AC form the CaCO3; due to calcination process in the presence of corbondyoxide
(COy). The studies include optimization of parameter which found to be 12pH, 10ppm dye
concentration and 10mg of catalyst loading were effective operation condition. The composite
demonstrated a remarkable 98.76% degrading efficiency within 2.13*10* minute Uv visible
irradiation. These optimized settings, highlighting its potential for effective wastewater treatment

applications.

Key words: Banana peels, Eggshell, CaO, CaO/AC, methyl blue, photo-catalyst.
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1. INTRODUCTION

1.1 Background of the Study

Now a day human activity that cause in the degradation or depreciation of the quality of the
natural environment is regarded as pollution(Ukaogo et al.,, 2020). In recent years,
environmental pollution has been identified as one of the greatest problems concerning our
society(Nadew et al., 2023). Such pollution refers to the contamination of the natural
environment by various pollutants, leading to adverse effects on living organisms and
ecosystems. Contamination of water can have a number of effects. The UN estimates that over
1.5 million people worldwide die from illnesses related to drinking water each year, and that one
in three people lack access to clean drinking water(Mujtaba et al., 2023). The vast development
of the textile industries has contributed a significant impact to water pollution, which is mainly
due to the highly coloured effluents containing organic and inorganic dyes that have been
disposed to the water stream(Ukaogo et al., 2020). Dyes are commonly used to color products in
heavy industries such as textiles, paper, and food processing. Over 700,000 tons of dyes are
produced annually worldwide, and there are about 100,000 distinct kinds of dyes that are used in
different industries(Kochito et al., 2024). Many chemical processes, such as dyeing, bleaching,
and finishing, are used in the textile industry to produce textiles, and these processes need a lot
of water. Because of this, the textile sector produces large volumes of wastewater, which
frequently contains dangerous chemicals and dyes. The release of untreated or insufficiently
treated wastewater into bodies of water is one of the main causes of water pollution from the
textile industries. High concentrations of dyes, heavy metals, solvents, and other hazardous
materials are frequently found in this wastewater (Mujtaba et al., 2023). Methylene blue (MB) is
an organic dye that is widely used to color paper, print cotton, and dye leather and plastics.
Long-term exposure to MB can endanger marine life by causing tissue necrosis and cyanosis.
Industrial effluents that have been partially or not treated are released into the environment,
allowing it to enter(Kochito et al., 2024).

To remove organic dyes and pigments from wastewater, physical, chemical, and biological
techniques are being applied. Variety of techniques such as including adsorption, coagulation,

precipitation, reverse osmosis, photo-degradation, electrochemical oxidation, and ozonation are



eliminating dyes(A. V. Borhade & Kale, 2017). One popular and successful technique for
tackling the problem of water pollution is the elimination of organic dyes through photocatalytic
degradation. In order to break down organic colors into simpler, less toxic chemicals like carbon
dioxide and water, this method makes use of the catalytic qualities of materials like titanium
dioxide when exposed to ultraviolet radiation. This method has the added benefit of not
producing any hazardous byproducts or adding more chemicals to the environment. Since
organic dyes are widely used in the food processing and textile industries, it is adaptable enough
to treat wastewater from a variety of industries. Photocatalytic degradation provides an
environmentally responsible way to meet water quality regulations, which are becoming more
stringent globally (Borhade et al., 2012).

Researchers investigations indicated that advanced oxidation processes (AOPs) using
heterogeneous photo catalysis are the best alternative to conventional approaches for resolving
this problems (Remucal & Manley, 2016). Application of Nano materials in AOP process
improves the efficiency of dye degradation than bulk material due higher surface area. Higher
surface area of nanoparticles results in production of large number of reactive species and there
by increases the degradation efficiency. Heterogeneous photo catalysis with semiconducting
metal oxide nanoparticles is one of the AOPs. They can degrade dye molecules in the water into

less toxic components by the generation of electron hole pairs in this process.

Metal-oxide nanoparticles, such as calcium oxide (CaO), titanium (IV) oxide (TiOy), zinc (1)
oxide (ZnQ), iron (I11) oxide (Fe,O3), copper (I1) oxide (CuO), nickel (1) oxide (NiO), and tin
(V) oxide (Sn0O,), are now being investigated for their usage as photo catalyst to remove dyes
(Kanade et al., 2007). A large number of these compounds have broad band gaps, which reduces
their ability to both absorb visible light and generate the electron-hole pairs required for
photocatalytic activity. The difference in energy between a semiconductor's lowest unoccupied
energy level (conduction band) and its highest occupied energy level (valence band) is known as
one's band gap. In order for the semiconductor material to efficiently promote electrons from the
valence band to the conduction band by photo catalysis, photons with energy equivalent to or
greater than its band gap must be absorbed. Scholars have investigated a number of approaches

to deal with the problem caused by large band gaps(Veeranna et al., 2014).



Calcium oxide (CaO) nanoparticles derived from eggshell is used as photo catalyst for effective
dye degradation, which is reutilization of kitchen waste (eggshell) in a sustained manner and is a

cheaper catalyst than previously reported materials( Sree et al., 2020).

Activated carbon (AC) is a carbonaceous material, and its complex network of internal pore
structures, and sufficient functional groups, are used as adsorbents industrial from water
pollution removal. The agro-industrial waste used as an alternative to develop low-cost
adsorbents because of its abundantly available, biodegradable, renewable material, and high
lignocellulosic composition(Maia et al., 2021).

This technique is very effective at removing dyes from their aqueous medium while also being
environmentally friendly. This inexpensive adsorbent is a very effective adsorbent for the
removal of dyes such as murexide, eriochrome black T, and rhodamine B(A. V. Borhade & Kale,
2017).

Thus, the use of nanocomposites is more useful than single nanoparticles for the photocatalytic
degradation of dyes. During the formation of nanocomposites there may be the formation of
hetero-junctions between nanoparticles which reduces the electron-hole pair recombination, band
gap and crystalline size. In order to achieve the desired photocatalytic activity, the composite's
CaO to carbon ratio is essential. To maximize the photocatalytic performance and achieve
synergistic effects, it is crucial to optimize the composition by balancing the amount of carbon
and CaO. Researchers are exploring ways to overcome the limitation of photocatalytic
degradation such as the law usage of visible light, fast charge recombination and low migrate

ability of the photo generated electrons and holes(Chakhtouna et al., 2021).

The purpose of this work was to synthesize and characterize CaO/AC nanocomposites in order to
explore and develop them. This required dissecting their optical characteristics using methods
like Fourier transform infrared spectroscopy (FT-IR) to pinpoint functional groups, scanning
electron microscopy (SEM) to study their morphology at the nanoscale, X-ray diffraction (XRD)
to ascertain their crystal structure, and ultraviolet-visible (UV-Vis) spectroscopy to comprehend
how they interact with light. Also to evaluate the CaO/AC composite’'s and nanoparticles'
photocatalytic performance. Their capacity to break down methylene blue, a common organic
dye pollution, under various light conditions UV light and visible light irradiation was examined

in order to undertake this evaluation. These evaluations are important because they shed light on



the possible uses of CaO/AC nanocomposites in environmental remediation, particularly in the

treatment of organic dye-contaminated water.

1.2 Statement of Problem

The survival of humans depends on having access to clean water. One of the most important
steps in lowering pollutants and environmental issues is wastewater treatment. In addition,
wastewater recycling and reuse are essential to provide the water required for domestic,
industrial, and irrigation uses due to the world's population expansion and economic
development. One of the most efficient and low-cost ways to achieve this goal is through
photocatalytic degradation of organic dyes. In order to successfully remove dangerous organic
contaminants from industrial wastewater and handle serious environmental issues related to
water contamination, photo-catalysis is a potential method. It is impossible to overestimate the
significance of clean water for human survival, which is why effective wastewater treatment
methods are desperately needed. Because photocatalytic degradation may use light energy to
activate semiconductor materials, it is a very attractive technique. Semiconductor materials
produce electron-hole pairs in response to light, which strongly react with their surfaces to cause
oxidation and reduction. Complex organic pollutants, such as colors like methylene blue, can be
broken down by this process into non-toxic substances like water and carbon dioxide. The use of
extra chemicals is not required for photocatalysis to function, which reduces the risk of
secondary contamination that comes with using traditional treatment techniques(Kuriakose et al.,
2015). Methylene blue can be degraded more effectively through photo catalysis, although some
of the photo catalysts used have a number of drawbacks, such as recombination of the photo
generated electrons and electron holes, which slows down the rate of degradation (Saggioro et
al., 2011).

Eggshell (ES) acts as a source of calcium oxide which contains 94% of calcium. So, this work is
planned to synthesize of CaO/AC nanocomposites from eggshell and banana peels waste
materials, which are common and cheap precursors by thermal decomposition and solid state
reaction methods respectively and investigate the effect of CaO NPs and CaO/AC

nanocomposite for degradation of Methylene blue dye.



1.3. Objectives of the Study

1.3.1. General objective

The general objective of this study is to synthesize, characterize, and evaluate photocatalytic

efficiency of CaO nanoparticles (NPs), and CaO/activated carbon (AC) nanocomposites (NCs).

1.3.2. Specific objectives

+ The synthesis involved the production of CaO nanoparticles via thermal decomposition,
activation of carbon nanoparticles, and the preparation of CaO/AC-NCs through the
solid-state reaction method.

+ To characterize as synthesized CaO NPs, activation carbon NPs, and CaO/AC- composite
using different analytical techniques such as XRD, UV-vis, FTIR, and SEM.

+ To evaluate the effects of catalyst dosage, pH of the reaction media, and initial
concentration of methylene blue dye on the degradation efficiency of the superiorly

performing synthesized nanomaterial.

1.4. Significance of the Study

This study provides important information about the synthesis strategy CaO/AC nano-composite
and their photocatalytic application. This research method prepares CaO from eggshell, using
thermal decomposition method, AC from banana peels, using thermal decomposition method,
and formation of CaO/AC nanocomposites by using solid state reaction method to be used for
dye degradation. It demonstrates new method to clean and safe water resources for communities,

improving public health and well-being. .

1.5. Scope of the Study

In this work CaO/AC nanocomposites was synthesized through solid state reaction method. The
synthesized samples was characterized by UV-Visible spectroscopy (UV-Visible), Fourier
transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), scanning electron microscopy
(SEM), and its application for methylene blue dye degradation.



2. LITERATURE REVIEW

2.1. Water Pollution

Water pollution occurs when harmful substances, such as chemicals, pollutants, or
microorganisms, contaminate water bodies like rivers, lakes, oceans, and groundwater. The main
causes of it are sewage discharge, oil spills, industrial activity, runoff from agriculture, and
incorrect waste disposal. The health of humans, ecosystems, and aquatic life can all suffer
greatly from water pollution (Fraser et al., 2006). Water quality is influenced by many factors
like precipitation, climate, soil type, vegetation, geology, ground water and human activities. The
biggest danger to the quality of the water comes from industrial and municipal point sources.
Water quality is also impacted by mining, urban development, and agriculture(Gikas &
Tchobanoglous, 2009). Sediments, poisonous pollutants, and nutrients are additional components
of non-point source pollution (Taiwo Adewale M, 2011).

Point source pollution is the term used to describe pollution in water that has a known source or t
hat is entering the water from an identifiable source, such as a storm drain, sewage treatment pla

nt, ditch, or pipe industry. It is distinguishable from additional sources of pollution. Non-point
source pollution occurs when the source of water pollution is unknown or does not originate
from a single, distinct source. It is extremely difficult to control and can originate from a variety
of sources, including industrial waste, fertilizers, and pesticides (FN & MF, 2017).

Water pollution is the presence of excessive amounts of a hazard (pollutants) in water in such a
way that it is no long suitable for drinking, bathing, cooking or other use. Contaminants released
from industries and agricultural activity have become the main source, which affects most of the
water bodies in the ecological system(Taiwo Adewale M, 2011). Organic dyes are one of the
major pollutants released into wastewaters from textile and other industrial processes. About 10—
20% of total dye products in the world is lost in textile wastes during the manufacturing process
and released as effluents into the green environment.

Contaminated water effluents before discharging into the water bodies should be treated well to
avoid such fate of water crisis. Several Figure 1.1 such as adsorption, membrane filtration,
reverse osmosis, electrolysis, photo-catalysis, ion-exchange, desalination, flocculation, and

biological precipitation have been implemented for wastewater treatment before discharge it into



the water mainstreams. Each method exhibits some advantages and disadvantages, including the
generation of secondary waste. Photocatalytic treatment is one of the best and effective

approaches to clean the water economically using renewable sources and semiconductor

material.
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Figure 1. 1 Various sources of water pollution along with different technologies to clean the

wastewater(Gusain et al., 2020).

2.1.1. Methylene blue dye (MB)

Methylene blue dye is known as methyl thioninium chloride. It is a basic cationic dye with the
molecular formula C16H1sN3SCI with a molecular mass of 319.87g/mol. It’s IUPAC Name 3, 7-
bis (dimethyl amino)-phenothiazin-5-ium-chloride. This dye gives a net positive charge when
introducing with an aqueous solution because of the presence of chemical groups like amine or
sulfur. At room temperature, methylene blue is solid, odorless, dark green powder and gives a
blue solution when dissolved in water(Laysandra et al., 2017).

This dye is used in several applications like the coating and coloring of paper, hair, cotton, and
wool; it is also used as an indicator of oxidation-reduction and as a disinfectant, besides its many
other medical usages in medicine, in pharmaceutical formulations, in pesticide production, and
varnish(Hamad & Idrus, 2022).



2.1.2. Application of Methylene Blue

MB is a desirable molecule having a range of qualities that make it helpful for biological
applications. It is also an efficient medicinal drug that treats Barrett's oesophagus, anemia, and
malaria. MB was the first synthetic antimalarial to be employed against all forms of malaria in
the late 19th and early 20th century. It also has the ability to sensitize the body to
chloroquine(Schirmer et al., 2003). The photodynamic therapy of cancer is being treated with
MB dye (Mashkoor & Nasar, 2020). It is frequently used to photosensitize plasma for the
photodynamic inactivation of RNA viruses, such as the hepatitis B, hepatitis C, and HIV
viruses(Saha et al., 2018). According to recent research, MB could potentially prevent

Alzheimer's disease and boost memory (Levine, 2020).

2.2. Source of dye pollutant

Water treatment operation is quested for many decades due to the contamination of water from
chemicals, plastics, sewage wastes and microbial contaminants. As a result of industrialization,
hazardous chemical products and antibiotics are widely used (Tan et al., 2021). Chemical wastes
pose a serious risk since it takes a long time to recover water from them. A dye is one of the
primary chemical wastes. Because they can be used on cotton, paper, leather, wool, and silk,
dyes have a wide range of applications. The textile industry was their principal
application(Hugo, 1995). One kilogram of textile requires about 200 liters of water to produce,
and each textile mill uses more than 1.6 million liters of water every day. In addition, specific
dyes are employed as markers.  Using dyes offers many benefits to the paper, printing,
pharmaceutical, tannery, and pulp industries. A significant amount of naturally occurring water
resources are contaminated by organic dye pollutants that are produced by industries(Vishnu et
al., 2020).

These pollutants prevail in the water for an extended period since the high resistance to heat and
photo stability, which prevents biodegradation and has an impact on aquatic systems. Effective
removal of dyes is a complex problem for chemical engineers because this process is neither
economical nor efficient (Liu, 2020). Water containing dyes is highly undesirable due to its color
and hardness. The toxic nature is due to the presence of carcinogens such as naphthalene,
benzamine, and other aromatic compounds. Mordants are compounds used to fix dyes to fabrics
and are highly toxic, making water toxic. Only 80% of the dye remains intact on the fabric while

the rest is washed away. Synthetic dyes from the textile industry harm aquatic life due to their
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micro toxicity. These synthetic dyes are also used in leather tanning, paper making, food
technology, agricultural research, light collection arrays, photochemical cells, and hair dyes.
Chemical dye classes used industrially are azo, anthraquinone, sulfur, indigoid, triphenylmethyl
(trityl), and phthalocyanine derivatives. Azo dyes are the most commonly used in many
industries(Vishnu et al., 2020).

2.2.1. Dyes in textile industry

The textile industry has been one of the major polluters of surface and ground water resources
because it uses as many as 8,000 chemicals and huge amount of water and (54%) releases the
highest amount of dye effluent, contributing to more than half of the existing dye effluents seen
in the environment around the world. Several reports suggest that an average sized textile
industry consumes about 1.6 million liters of water per day for the production of about 8,000 kg
of fabric (Vishnu et al., 2020). The dyeing industry (21%), paper and pulp industry (10%),
tannery and paint industry (8%) and the dye manufacturing industry (7%) too are known to
produce high amounts of dye effluents from various associated processes. The exact amount of
dye effluents ejected by each industry into the environment is unknown but it can be said that the
number is quite large to result as a significant environmental issue (Todd, 2015).

2.3. Methods of dye Removal

Furthermore, the cost associated with dye removal or remediation technologies is also a key
factor. Ideally, a dye removal method should be capable of rapidly removing large quantities of
dyes from wastewater without generating secondary pollution and cheaper. Technologies for dye
removal can be divided into three categories: biological (fungal decolorazation, microbial
decolorization, adsorption by living or dead microbial biomass, and anaerobic bioremediation),
chemical (advanced oxidation processes (AOPs), electrochemical process, and coagulation or
flocculation) and physical methods (adsorption, membrane filtration, ion exchange, electro-
kinetic coagulation (Dassanayake et al., 2021).

2.3.1. Biological treatment methods

Biological methods, i.e. degradation of dyes with the biological phenomenon such as
bioremediation is a green technique to remove dye from textile effluent with minimum cost and
optimum operating time. Utilizing biologically based techniques has been effective in degrading

textile industry wastewater. When compared to other methods, biological degradation, or
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bioremediation, is more environmentally friendly, economically viable, and produces less sludge.
Because of the breakage of the link (i.e., chromophoric group), it induces the degradation of
synthetic dyes to a somewhat less hazardous inorganic chemical and ultimately aids in color
removal (Bhatia et al., 2017).

Before dye effluents are released into the environment, a combination of aerobic and anaerobic
processes is carried out, commonly referred to as the conventional method(Moradihamedani,
2022). The primary reasons this technique was selected as the standard for dye removal were its
low cost and ease of use. In fact, colored water is still present in the environment because this
treatment is unable to totally eliminate dangerous particles from wastewater containing textile
dyes. The traditional method does not render the water toxic or dye-free, even though it does
address the chemical oxygen demand found in the wastewater. In addition to this technique,
other traditional biological dye removal methods include pure and mixed cultures, fungal
cultures, enzyme and algae degradation, adsorption by microbial biomass, and degradation by
enzymes. Since this method deals with living things, its major disadvantage is its growth rate.
System instability is common in biological dye removal processes as predicting its growth rate
and reactions can be tricky at times (Todd, 2015).

2.3.2 Chemical treatment method

Chemical dye removal techniques successfully remove dyes from wastewater by utilizing
chemical principles. Advanced oxidation processes, electrochemical destruction, Fenton
reactions, oxidation, ozonation, photochemical processes, and ultraviolet irradiation are
important examples of conventional techniques. When synthesizing nanomaterial and using them
in photo catalysis, these techniques have several benefits (Ismail & Sakai, 2022). The great
efficiency of these synthetic materials in degrading pollutants under light irradiation is attributed
to their increased surface features and compositions. Chemical processes also facilitate
capability, which makes it possible to produce nanomaterial in bigger numbers appropriate for
industrial use (Robinson et al.,, 2001). Chemical approaches are a viable route for the
advancement of water treatment and environmental remediation technologies because of their
efficiency and scalability(Azbar et al., 2004): (Todd, 2015).
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2.3.3. Physical treatment methods

Physical dye removal methods are usually straightforward methods commonly accomplished by
the mass transfer mechanism. Conventional physical dye removal methods are adsorption,
coagulation or flocculation, ion exchange, irradiation, membrane filtration, nano filtration or
ultra-filtration and reverse osmosis (Nawaz & Ahsan, 2014). Among the three methods
(biological, chemical and physical), branches of physical dye removal are the most commonly
used methods. These methods are often chosen for its simplicity and efficiency. By far, this
method requires the least amount of chemicals compared to the biological or chemical dye
removal methods. This method does not deal with living organisms hence is considered to be

more predictable than the other two dye removal methods (Todd, 2015).

2.4. Photo catalysis

Through the process of photocatalytic degradation, light energy typically from ultraviolet (UV)
radiation is used to start chemical reactions that convert pollutants into harmless substances.
Reactive oxygen species (ROS), which are extremely reactive substances produced by materials
that can absorb light, are used in this process (Xie et al., 2023). Heterogeneous photo catalysis is
an advanced oxidation process (AOP) that is used to photo-degrade toxic compounds in
wastewater without producing any secondary waste. Photo catalysis, which is fueled by
semiconductor materials that function as photo catalysts with the appropriate band gaps under
light irradiation, is the method used to degrade toxic chemicals (Das et al., 1999). A
semiconductor substance known as a photo catalyst is exposed to light and, following photon
absorption, generates species that are catalytically active. The energy of the photon should match
or exceed the band gap of the photo catalyst. The goal of photon absorption is to produce charge
carriers (such electrons and holes) that participate in redox reactions to degrade dangerous
substances that have accumulated on the photo catalyst's surface. This reaction produces
hydroxyl radicals (*OH), which operate as strong oxidants and degrade dangerous substances.

The positive pores created facilitate the oxidation of contaminants (Vanthana Sree et al., 2020).
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Figure 2.1 Characteristic features of good quality photo-catalyst (Tomar et al., 2020).

2.4.1. Photo-catalysis mechanism

In a heterogeneous photo-catalysis process, the photo-catalyst absorbs light with the right
amount of energy when illuminated, which excites the electrons in the valence band to move into
the conduction band and initiate the photochemical reaction. Following the absorption of light by
a photo-catalyst, four major steps occur during photocatalytic reactions: (i) formation of charge
carriers over the VB and CB, (ii) recombination of the photo-generated e/h” pairs, (iii) trapping
of the e/h* pairs in redox reactions, and finally (iv) the main photocatalytic reactions such as
pollutant degradation. The incidence of light with the same or higher energy than the energy gap
(Eg) of the used semiconductor drives electrons from the VB to the CB, leaving positive holes in
the VB and thus creating e/h” pairs in the first step. Nonetheless, the photoinduced e/h”
combinations are not energetically stable, and some of them recombinate, neutralizing each other
and emitting heat. The second stage, whether on the surface or in the bulk, significantly lowers
the effectiveness of photocatalytic reactions. In the third phase, photo induced holes and
electrons transfer to the surface of the photo-catalyst and react with the adsorbed species on the
surface, resulting in the creation of certain active species (e.g., O,, OH) capable of launching a
series of redox reactions. Finally, depending on the type of photocatalytic activity, reduction and
oxidation reactions occur over the CB and VB of the photo-catalyst in the last phase (Pirhashemi
etal., 2018).
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Figure 2. 2 General mechanism of the photocatalysis(Gusain et al., 2020)

Once the electron gets the sufficient energy (equivalent to band gap energy), it jumps from
valence band to conduction band with the formation of hole in valence band. Electron reacts with
the dissolved oxygen (O>) in aqueous solution which also acts as the electron scavenger results in
the formation active free radicals *OH, O, , etc. Simultaneously, holes was get electron from
electron donors (H,0), resulting in OH free radicals formation. After the free radical formation,
dye molecules were attacked by active species (*OH, O, etc.) and ended in the de-coloration and

opening-ring reactions.
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Dye + hv —dye* (Absorption of photons and excitation of dye molecules)

hv + CaO— ¢ (CB) + H*(VB) (Electron-Hole pair formation)

e (CB)+0;— 0, " (Oxygen ion-sorption)

20, + 2H,0— H;0, + 20H + O, (*O " Neutralization by protons)

H,0,+e” (CB) — OH +*OH (Decomposition of H,0; and *OH formation)

h*+H,0 — H" + «OH (water splitting by photo-hole to produce *OH radicals )

*OH /*O, + dye — Dye degradation  (Electrophilic attack on Dye molecules)
During the degradation reaction, photo-holes remain inactive in the initial step due to the cationic

nature of reactant(\Vanthana Sree et al., 2020).

2.5. CaO as a photo-catalysis

Calcium oxide (CaO as quicklime) is a white, caustic, alkaline, crystalline powder made from the
thermal decomposition of limestone or shells containing calcium carbonate (CaCO3). Chemically
synthesized CaO is used as catalyst in many industries in the form of toxic waste remediation
agent, bactericide, adsorbent and binder in paints etc(Annam et al.,2016, Tangboriboon et
al.,2012, Niju et al., 2014). Chemically synthesized CaO is used as photo-catalyst in degradation
of organic dyes such as methylene blue (Rameshwar et al., 20) Congo red, Malachite green,
Indicocarmine (Devarahosahalli Veeranna et al., 2014)Violet GL2B (Gopalappa et al., 2012),
crystal violet (Sawant et al., 2016).

Eggshell(ES) also acts as a source of calcium oxide which contains calcium carbonate(Vanthana
Sree et al., 2020)(Habte et al., n.d.). Egg is an important nutrient source for humans as it contains
excess of protein, which is consumed up to million metric tons per year. These ES derived CaO
NPs have been utilized in many fields namely biodiesel production(Boey et al., 2011),
adsorption of pollutants and heavy metals(Lin et al., 2005), dielectrics, catalysts, biomaterials,
fuel cell applications and fillers. CaO synthesis is a simple and easy process which does not need
any solvent or chemicals for processing and results in eco-friendly and sustained material. One
of the most common solid catalysts for the trans-esterification reaction of various feed stocks to
biodiesel is calcium oxide (CaQO), which has already shown to be a very effective catalyst for the
synthesis of biodiesel. CaO is inexpensive, readily available, noncorrosive, environmentally

friendly, easy to handle, and has a low solubility and high basicity.
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Several researchers are interested in studying CaO more in order to enhance its overall qualities
because of all these benefits. CaO can be made into a nano-form to increase its specific surface
area and thereby boost its catalytic activity nano sized CaO-based catalysts and their application
in the biodiesel production. Various forms of nano-sized CaO-based catalysts have been
employed in the biodiesel production like neat, doped and loaded CaO as well as waste material
containing CaO (Bankovi¢-Ili¢ et al., 2017).

2.6. Activated Carbon

The porous solid known as activated carbon (AC) has 85-95% carbon in it(Jha & Maharjan,
2022). By heating carbon-containing materials to a high temperature, AC can be produced. Pores
may have the ability to adsorb carbon. In the food industry, bulky-surface AC has been used as a
color remover, reliever, deodorizer, and purifying agent, among other uses. It is also frequently
utilized in the process of purifying water, which includes treating wastewater as well as
producing drinking water. The advantages of AC prepared using agricultural by-products offered
an effective, inexpensive replacement for non-renewable coal based granular AC, which has

similar or better adsorption efficiency(Viena et al., 2018).

2.7. Synthesis of Nanomaterial’s

There are two main approaches for the synthesis of nanomaterial’s: top-down approaches and
bottom-up approaches. The term "top-down" refers to reduction by attrition and different
conventional methods of comminution, which are the traditional methods of producing fine
particles. In recent years, "bottom-up" production approaches have become more and more
popular. The term "bottom-up approach” describes the process of either building a substance
from the bottom up, atom by atom, molecule by molecule, or cluster-by-cluster (Tulinski &
Jurczyk, 2017).

Top-down approaches have a number of significant drawbacks, including the inability to regulate
the size, morphology, and other structural characteristics of the created particles. The form, size,
and morphology of the resulting particles can be significantly controlled using bottom-up
approaches, which begin at the molecular level. Because the structural properties of the resulting
products are delicately controlled, bottom-up techniques are more common and widely used(Xia

et al., 2009). Reagents include growth inhibitors, ligands, and surfactants that can help control
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the growth process of nanostructures in the bottom-up approach (Siddique & Gonzalez-cortes,
2022).

Top-down approaches include mechanical milling, laser ablation, sputtering, and electro-
explosion. While bottom-up approaches include Chemical Vapor Deposition, green synthesis,

sol-gel, co-precipitation, solution combustion etc (Yec & Zeng, 2014).

Bulk Material
‘ “*Mechanical Milling
O OO O “*Etching
O O OO O - “Laser Ablation
O O O “*Sputtering
O “Electro-explosion
‘ -
AL ) \~ :
P : “ \‘ V! : | Nanoparticles
LA \ “ !
T D
< Supercritical Fluid Synthesis :". '.. N : '. Nuclei and its growth
“*Spinning $ ‘: .' §8 L sk
< Sol-gel Process ' h z
“*Laser Pyrolysis — .'. ..:. ' 'y N .. '
“Chemical Vapour Deposition ' [ : 3 .. ] : L . ." $  Molecular/Atomic Level
“*Molecular Condensation ... .... § :. 00
“Chemical Reduction th '... '... 4
< Green Synthesis s ' " '

Figure 2. 3 Top-down and bottom-up methods for synthesizing nanomaterials (Bhagwat et al.,
2019).

2.7.1 Fundamental of the bottom-up synthesis approach

Due to the essential differences between the bulk equivalents and the nanoscale-sized materials,
attention has been generated in numerous disciplines. The current development is the bottom-up
synthesis of nanocrystals with precise shape, size, and structure by comprehending the precursor
breakdown, nucleation, and growth processes under challenging external and interior

conditions(Grzelczak et al., 2010). Controlling the nucleation and growth development processes
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are crucial procedures before the formation of nanocrystals. The first model to explain precursor
decomposition and reduction, nucleation, development into seeds, and finally growth into
nanocrystals in solution was La Mer's group theory (Abebe et al., 2021). In the 1950, La Mer and
his colleagues proposed the idea of burst nucleation, transferring the concept of CNT to NP
syntheses. Their investigation into diverse oil aerosols 16 and sulfur hydrosols led to the
development of the ground-breaking idea. In the burst nucleation process, homogeneous
nucleation causes the simultaneous generation of many nuclei, which then expand without
further nucleation. That concept of NP formation's fundamental principle is the distinction
between nucleation and growth. One interpretation is that a homogeneous phase and a

heterogeneous phase are separated(Sawant et al., 2016).
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3. MATERIALS AND METHODS

3.1 Chemical and Reagents

The chemicals and reagents were analytical grade and used without further purification.
Hydrochloric acid (HCI 99%), Sodium hydroxide (NaOH 98%), Ethanol (ethyl alcohol 95%),
and methylene blue (C16H15CIN3S) (Sigma Aldrich) and distilled water was used throughout the

experiment.

3.2 Preparation of CaO Nanoparticles

A precursor (Eggshell) waste was collected and first washed completely with tap water to
remove dust, impurities, and organic matters adhered on the surface of the eggshells, followed by
another cleaned with distilled water several times. Then the efficiently washed eggshells were
oven-dried at 130°C for 3hr to remove water. The dried eggshells were ground by a grinder
machine to get the fine powder(Kasirajan et al., 2022). 50.00 g of cleaned and ground eggshell
powder were placed in a crucible and heated to 800°C in a furnace. After calcining In order to
prevent hydrolysis, the sample crucibles were removed from the muffle furnace and allowed to

cool in the air for ten to twenty minutes, show in Figure 3.1.

S5l Crushing in small |5 e A Dry in 130°C
y [—————
Particles. For 3hr.
Calcinated at 800°C
Calcinated in furnace powder of ES CaCO;

Figure 3.1 Synthesis of CaO from Eggshell (ES)
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Fresh raw materials like calcite must be pre-treated at a high temperature in order to undergo
thermal decomposition and to increase the quantity of active sites on the surface of catalyst
particles. The availability of basic sites for catalysis is generally a determinant of the catalyst's
efficiency. The chemisorption of carbon dioxide and water on the basic sites of CaO in air
reduces the amount of active sites available for catalysis. The calcination conditions, particularly
temperature, determine the type of basic sites on the surface of solid particles. Raising the
temperature of calcination affects both the readjustment of catalyst atoms on the particle surface
and the desorption of molecules, which obstructs active sites(Bankovi¢-Ili¢ et al., 2017).

3.3 Preparation of Activated Carbon

The raw banana peel was collected from local market. To get rid of any last bits of dust, it was
cleaned with distilled water. To hasten the drying process, the peel's size was lowered from 1 to
2 cm. Following a three-hour oven bake at 105° C to eliminate any remaining moisture, all of the
leaking water was drying in the oven (Nadew et al., 2023). The dried peels were carbonized in
the furnace for 1.5 hours at 400 °C. Small-scale carbon grinding was done using a mortar and
pestle. It was then filtered, extensively cleaned with aquadest, and heated for two hours at 200°C
(Viena et al., 2018).

—— =
Small in 1 to 2cm Dry for 105°C
for 3hr

Calcinated at 400°C
for 1.5hr

sjgad eueueq A1Q

Grinding by pestle
and pestle

Calcinated banana peels

Figure 3.2 Synthesis of banana peels waste
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3.4 Synthesis of CaO/AC Nanocomposites

Composites were fabricated by varying the mass of activated carbon and CaO. A total of 10g of
the composites were made using the following compositions: 100% CaO (sample A), 50% CaO
and 50% activated carbon (sample B), 30% CaO and 70% CaO (sample C), and 70% CaO and
30% activated carbon (sample D). After being left to stand at room temperature for 48 hours, the

composites were calcined for two hours at 400°C in a furnace (Science, 2021).

\ : Calcinated at 400
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Figure 3.1 Synthesis of CaO/AC (CaCO3) composite nanoparticles

3.5 Photocatalytic dye Degradation Studies

The photocatalytic experiments were conducted by taking the appropriate amount (in ppm) of
target dye/s in an aqueous solution with the weight amount of the synthesized NPs and NCs
catalysts. CaO and CaO/AC nano powders were photo catalytically tested with methylene blue
(MB) dye under UV visible. The photocatalytic experiments were performed as a function of the
irradiation time, catalyst mass, pH value, and concentration methyl blue of the photo-catalyst.
The degradation experiment was conducted either in the laboratory developed glass reactor or a
reactor purchased/available. The samples were irradiated directly by focusing light into the
reaction mixture at a standard distance from the reactor. Magnetic stirring was applied to
continuously mix the solution. The temperature of the overall reactor was controlled either using
water circulation or an electric fan(Chong et al., 2010). At twenty (20) minutes intervals, the dye

concentration was measured by UV-vis spectrophotometer, and the degradation efficiency in
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percent was calculated using Equation 1.The pseudo-first-order kinetic equation (Equation 2)

was used to study reaction dynamics (Abebe et al., 2021).

Co-Ce
X
Co

Degradation yield(%) =
Pseudo- first-order kinetics; log %: -kt......(2)

3.5.1 Effect of the photo catalyst mass (Dosage)

The effects of the photo catalyst mass 10mg and 30mg on the photodegradation of 10 ppm MB
dye were tested at pH 12 in 50 mL MB dye solutions for 0-80 minutes (Saeed et al., 2022).

3.5.2. Effect of the pH value

0.1 M NaOH and 0.1 M HCI were used to control the pH value of 50 mL MB dye solutions with
an initial dye concentration of 10 ppm. The effect of the pH value at 5 and 12 on the photo
degradation of the prepared MB solutions was studied using 30mg of the photo-catalyst(Ali et
al., 2024).

3.5.3. Effect of Dye Concentration

The photo-catalytic degradation rate of a certain dye or pollutant depends on its concentration,
nature and on the presence of other existing compounds in the water matrix. Kumar and Pandey
(Kumar, 2017) reported that the photocatalytic degradation processes are contributed by the dyes
which adsorbed on the catalyst surface but not in the bulk of the solution. They stated that initial
concentration of dye played an important role in the photocatalytic degradation efficiency and

generally favored at low dye concentration.
3.6 Characterization

3.6.1 X-ray Diffraction (XRD)

X-ray diffractometer was used to perform X-ray Diffraction (XRD) analysis of the catalysts in
the range from 5 to 80. The crystallite size of sample was estimated using Debye Scherrer*s
formula based XRD spectrum result(Chong et al., 2010). Debye Scherrers formula to be

estimated

_ kA
_[)’cose

Where, D....... average Crystallite size in nm. A =1.54 A” ....wavelength of the X — ray source
B Full Width at Half Maximum (FWHM) of a peak
6 ...angle of diffraction of X-ray. K the shape factor.
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3.6.2. Scanning Electron Microscopy (SEM)

The surface morphology were characterized by scanning electron microscope (SEM). It
provides detailed information about the microstructure of materials at a Nano scale
level(Olivares-Marin et al., 2013).

3.6.3. Fourier Transform Infrared Spectroscopy (FT-IR)

The chemical functional groups of the catalysts were studied through the use of a Fourier
transform infrared spectroscopy (FT-IR) analysis (Vertex 70 FTIR-FT Raman spectrometer) in a
range of 4000-400 cm™.

FT-IR measured the sample's interaction with infrared light to determine its molecular makeup.
It gave important details about the many kinds of chemical bonds in the sample, the functional

groups that make up molecules, and the general structure of the molecules(Hadjiivanov, 2014).

3.6.4. Ultraviolet-Visible light

Analyzing the interaction between ultraviolet (UV) and visible light and a sample is possible via
UV-visible spectroscopy. The electrical structure and concentration of the chromophore in the
sample are both usefully disclosed. The interaction between UV and visible light and a sample is
measured in UV-visible spectroscopy in order to ascertain the sample's transmittance or
absorbance. Samples in the wavelength range of 200-800 nm was subjected to UV—Vis spectrum

analysis.
3.7. Data Analysis

Origin Pro 8 software was used for the UV-Vis, XRD, and FTIR analyses that produced the data

about the environmentally generated nanomaterial.
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4. RESULTS AND DISCUSSION

The study presents a comprehensive characterization and application of CaO and its composite
with activated carbon (AC) in the photocatalytic degradation of methyl blue in waste water.
Techniques such as Thermogravometric Analysis (TGA), X-ray Diffraction (XRD), Fourier-
transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy(SEM) were
employed to analyses the materials. The photocatalytic efficiency was assessed under varying
conditions, including different dosages of the photo-catalyst, PH levels, and concentration of the
dye. The results indicates that the CaO and CaO/AC composite (CaCOs3) effectively degrade

methyl blue, with performance influenced by the operational parameters.

4.1. Thermal Analysis

TGA analysis was done to know the thermal stability, decomposition temperature, and
decomposition phase occurring during heat treatment of synthesized samples. Figure 4.1 were
established thermal stability and breakdown temperature of raw eggshell powder (RESP)
between room temperature and 1000°C. Three steps in the decomposition process were visible in
the TGA curve. First, 1.5% of the weight was lost between 0°C and 271°C, which was probably
caused by the dehydration and organic matter removal. A subsequent 3.4% weight loss took
place between 271°C and 616°C. The breakdown of CaCOj3 occurred between 616° and 788°C,
which was the most significant disintegration and resulted in a high weight loss of 46.44%. The
determined steps of decomposition, additional investigation could examine the impact of heating
rates on RESP's behavior during decomposition. A more thorough understanding of the thermal
behavior of materials formed from eggshells might be obtained by adjusting the heating rate
during TGA analysis, which would provide insights into the kinetics of the decomposition
processes.
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Figure 4. 1 The Graph of TGA analysis of raw eggshell powder.

CaO NPs had high thermal stability and purity. Therefore TG curve of the pure compounds

shows the characteristics of the compounds(Kasirajan et al., 2022).

4.2 X-ray diffraction studies (XRD).

The peaks identified from the diffraction pattern corresponding to the CaO (based on JCPDS
card # 48-1467) at 20 of 32.39, 37.54, 54.09, 64.40, 67.60 and 79.79°. These peaks are
attributed to the growth alongside (111), (200), (220), (311), (222) and (400) planes. The
material's crystalline structure is confirmed by the intense and narrow peaks in calcined
eggshells. This indicates that the eggshells are fully crystallized during the calcination process.
The cubic system of the CaO catalyst has a face-center lattice. The XRD-pattern obtained shows

diffraction peaks obtained are characteristics of calcium oxide (CaO)(Islam et al. 2011).
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Figure 4. 2 XRD pattern of CaO calcinated at 800°C.

The XRD patterns of activated banana peels formed by physical activation are shown in Figure
4.3. Sharp peaks were seen in the XRD profiles for calcinated banana peels, which suggested that
the structure of the activated carbon had changed. It was verified that the 400°C pyrolysis
temperature of activated banana peels carbon caused thermal breakdown and the creation of
additional crystalline carbon at 24.33, 28.39, and 31.347 degrees Celsius. Furthermore, there was
evidence of residual amorphous carbon, as seen, for instance, at (10-23.97)°, indicating that some
amorphous carbon remained and the pyrolysis reaction was not finished.

Detected in the activated carbon's structure, more research might be done to examine the possible
ramifications of these discoveries. For example, looking at how these structural alterations affect
how well activated carbon works in different applications, like cleaning water or contaminating
methyl blue dye, Additionally, investigating the connection between the activated carbon's
amorphous and crystallinity and its capacity for adsorption of various pollutants may provide

insightful knowledge for enhancing the material's effectiveness in environmental restoration

procedure (Lewoyehu, 2021).
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Figure 4. 4. XRD pattern of the composite CaO with activated carbon(CaCOy3).

At 400°C, the combination of CaO and Activated Carbon undergoes a complete chemical
reaction to form CaCQOg, rather than creating a CaO/AC composite. This transformation is
confirmed through X-ray diffraction (XRD), a powerful technique for identifying crystalline

phases in materials. Analysis of the synthesized sample revealed the formation of calcite, the
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most stable and common form of CaCOg3, as evidenced by JCPDS card #05-0586. The key
diffraction peaks for calcite appear at specific 20 angles, notably at approximately 29.4°, 39.4°,
43.1°, 47.5°, and 48.5°. Each peak corresponds to distinct crystallographic planes such as (104),
(110), (113), (202), and (118).

The pattern of the synthesized sample matches the JCPDS card for pure calcite with no
additional peaks, indicating the absence of other phases or impurities. If extra peaks were
present, they could suggest the existence of other CaCO3 polymorphs like aragonite or vaterite,
or other impurities. This finding confirms that a pure calcite phase forms in all combinations of
CaO and Activated Carbon, with no evidence of a CaO/AC composite.

The DebyeeScherrer equation was used to calculate the crystallite sizes of CaO, AC and
composite of CaO with AC. Table 4.1 shows crystallite size of these sample. The samples'
estimated crystallite sizes shed important light on their structural properties and possible
photocatalytic activity. The more apparent crystalline structure of CaO, as indicated by its
greater crystallite size of 59.5 nm, may improve its stability and reactivity in photocatalytic
processes. However, a more amorphous or disordered structure is suggested by activated carbon
(AC) with a smaller crystallite size (26.30 nm), which have a larger surface area and increased
potential for organic pollutant adsorption. The composite ratios of 3:7, 1:1, and 7:3 of CaO with
AC as determined by XRD analysis showed that the average crystal sizes were, respectively,
25.62 nm, 29.48 nm, and 27.99 nm. These results imply that the crystalline structure of the
resultant materials is influenced by the fluctuation in the composite ratios. In comparison to the
other composites, the one with a 1:1 ratio had the highest average crystal size, suggesting a
possibly more organized and compact structure. On the other hand, the composite with the 3:7
ratio showed the smallest average crystal size, indicating a crystalline structure that is finer and
maybe more distributed. The 7:3 composite was halfway between these two extremes.

The characteristics and performance of the material are affected by larger crystal sizes, which
frequently suggest slower reaction kinetics and a different surface area-to-volume ratio.
Increased surface area and improved reactivity are typically the results of lower crystal sizes.
When compared to the composite material, calcium oxide (CaO) showed a noticeably more
porous and rough structure. When compared to the composite, this increased porosity led to a

noticeably better breakdown efficiency in CaO, notably in calcium carbonate (CaCO3). This
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shows that CaO outperforms CaCOj in terms of degradation efficiency because of its rough and

porous nature, which promotes accelerated degradation processes.

Table 4. 1 DebyeeScherrer calculation of CaO, AC and composite of CaO with AC (CaCOs,).

Type of sample 2 (deg) FWHM Average Crystallize size

CaOo 37.4908 0.15000 59.53nm
53.9874 0.14660
32.3406 0.15050

AC 24.3319 0.26080 26.31nm
31.3475 0.37960
28.3948 0.33520

7:3 ratio 29.3897 0.26090 27.99nm
47.4261 0.40930
39.3856 0.27270

1:1 ratio 29.5316 0.27480 29.48nm
48.6075 0.31730
39.5285 0.30470

3:7 ratio 29.5238 0.31670 25.62nm
39.5301 0.33470
48.6223 0.38110

4.3. Morphological Study (SEM).

It is well established that photocatalytic behavior is highly influenced by the surface morphology
of the photo-catalyst. The 10 um magnification showed Figure 4.5. In figure 4.5a indicate that
CaO is known for its porous nature, characterized by the presence of voids and channels within
the crystal lattice. These pores provide increased surface area and facilitate the adsorption of

gases and other substances. Porous and with a regular crystal structure, pure CaO offers a strong
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foundation for photocatalytic processes. A sizable surface area is provided by the porous
structure for reactant adsorption and catalytic activity. When exposed to light, CaO can help
produce reactive oxygen species (ROS), which can accelerate the breakdown of the dye
molecules in methyl blue.

In 3:7 ratio because activated carbon is included in this composite, an amorphous structure
forms. The majority of activated carbon is disordered, and its crystal structure is not well
defined. The composite might have a mix of amorphous activated carbon matrix and irregularly
shaped CaO particles, which would lead to a heterogeneous morphology with distributed active
sites and make it easier for methyl blue molecules to adsorb.

In 1:1 ratio combination of crystalline and amorphous structures may be seen in the composite
morphology when the ratio of CaO to AC is equal. Throughout the amorphous activated carbon
matrix, there are scattered regular-shaped CaO crystals. This combination strikes a balance
between the high surface area of activated carbon and the well-defined structure of CaO, which
may improve the composite's efficiency in the photocatalytic degradation of methyl blue.

In 7:3 ratio Because of the increased CaO content in this composite, CaO crystals contained in
an amorphous activated carbon matrix may dominate the morphology. In comparison to the other
composites, the presence of more CaO crystals results in a more organized shape while
maintaining the porous nature of CaO. But activated carbon's amorphous character endures,
adding to the composite's overall variability.
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Figure 4. 5. SEM analysis of CaO and composite of CaO with AC (CaC0O,) a) CaO, b) 3:7 CaO with AC,
c) 1:1Ca0O with AC, d) 7:3 CaO with AC

4.4 Fourier Transform Infrared (FTIR) spectra analysis

Significant peaks in the wavenumber range of 4000-400 cm™ are revealed by the FT-IR data for
CaO and CaO/AC photo catalysts shown in Fig.4.7, offering important information on their
structural properties. Peaks were found in pure CaO with wavenumbers of 3640.44,3644.00,
3006.02, 2648.28, 2027.54, 1417.25, 1413.00,1218.38, 1140.00,1138.63, 875.09, and 446.16 cm’
! 3640.44 cm™ and 3644.00 cm™ these peaks show that the surface of CaO has hydroxyl groups
(OH). The surface of the photo-catalyst can serve as an active location for the adsorption of MB
dye molecules by hydroxyl groups. 3006.02 cm™ peak indicates the possibility of organic
contaminants or leftovers from the precursor eggshell. These residues may affect the photo-
catalyst's overall performance even though they are not directly related to photocatalytic activity.
2648.28 cm™ and 2027.54 cm™ show that carbonate species have been adsorbed onto the CaO
surface. During photo-catalysis, carbonate ions (COs*) can aid in the production of reactive
oxygen species (ROS), which accelerates the breakdown of MB dye molecules. The remaining
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peaks correspond to extra carbonate vibrational modes as well as potential additional
contaminants or functional groups. They all have an impact on the surface characteristics and
reactivity of the CaO photo-catalyst, even if their individual contributions to photo-catalysis may
differ(Meshkatalsadat et al., 2022).

According to prior research on commercial CaO, the stretching vibration of O-H is responsible
for the absorption band between 2600 and 3600 cm™. The spectrum broad absorption peaks at
around 3400-3650 cm™, indicates the presence of carboxylic acid and amino groups. The
absorption band at 2900-2970cm™ could be assigned to asymmetric vibration of —CH. The
stretching vibration bands 1600-1650 cm™ is due to asymmetric stretching of the carboxylic C=0
double bond. A band at 1365-1400cm™ is of phenolic —OH and —C=0O stretching of
carboxylates(Bathla et al., 2019).

The FTIR spectra of the composite CaO with AC (CaCO3) exhibited a more complex nature,
with peaks at wavenumbers of 3641.38, 3343.47, 2511.80, 2014.84, 1978.34, 1794.95, 1399.40,
1060.53, 873.22, 748.89, 710.52, 478.08, and 431.34 cm™ for the 7:3 ratio. 3641.38 cm™ and
3343.47 cm™ OH stretching vibrational. 2511.80 cm™ relate to the component of activated
carbon's aromatic C=C stretching vibrations. Activated carbon is not directly engaged in the
photocatalytic process, but it can increase the composite's total adsorption capacity, which
improves the effectiveness of dye removal. Within the composite, the other peaks stand for
different functional groups and vibrational modes. Additional OH stretching vibrations, C-H
bending vibrations, and other chemical vibrations might be among them. The surface
characteristics and reactivity of the composite photo-catalyst are influenced by them all, even if

their individual contributions to photo-catalysis may differ(Soroush et al., 2022).

A strong and broad peak in the range of 1300 to 1500 cm™ also suggested bending vibration and
asymmetric stretching of the CaCO; complex, as shown by a distinctive peak at 518 cm’
!(Sahadat Hossain et al., 2023). Similar peaks were observed in the FTIR spectra for the 3:7 and
1:1 ratios of CaO: AC composites, with wavenumbers of 3360.30, 2510.69, 1794.86, 1402.69,
1068.21, 872.33, 710.732, 644.62, 596.13, 555.72, 514.42, and 473.94. For the 3:7ratio 3360.30
cm™ OH stretching vibrations. Activated carbon improves the composite's ability to adsorb
substances, which makes dye removal more effective. 1794.86 cm™ reveals the carbonate species

(CO3?) that have been absorbed on the composite surface. Because carbonate ions encourage the
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production of reactive oxygen species (ROS) during the breakdown of MB dye molecules, they
can increase photocatalytic activity. The other peaks to symbolize different functional groups
and molecular vibrations. These could contain new chemical modes, C-H bending vibrations,
and stretching vibrations of OH. For the 1:1ratio 3641.06, 3345.06, 2511.52, 2184.27, 2099.46,
1974.73, 1794.92, .63, 1047.48, 873.30, 710.03, 462.60, and 432.27. 3641.06 cm “and3345.06
cm™ are OH stretching vibrations. 2511.52 cm™aromatic C=C stretching vibrations. The other
peaks represent various functional groups and molecular vibrations within the composite. The
FTIR study of calcium oxide (CaO) and the composite CaO/AC (calcium carbonate, CaCOs3) is

shown in Figure 4.6. The spectrum exhibits higher peaks.
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Figure 4. 6 FTIR analysis of CaO and composite of CaO with AC individual

The properties of the various calcined samples were defined by the distinct crystal structure,
content, porosity, and particle shape of the CaCO3. CaO was more likely to developed in the
calcined sample due to the trigonal crystal system in CaCOs, which also increased the
carbonation conversion rate(Olivares-Marin et al., 2013).
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4.5 Photocatalytic studies.

The first study looked at how well CaO and a mixture of CaO and activated carbon could break
down the light-absorbing Methylene Blue (MB) dye. First, an adsorption test was conducted in
the dark with a mixture of catalyst and dye solution. After 30 minutes, samples were centrifuged
and UV spectral data was analyzed where MB concentration remained the same. These were
clear evidence that catalyst does not adsorb MB. After the adsorption studies, degradation
experiment was carried out in reactor in order to find whether the catalyst could degrade the dye
molecule. In UV spectra, the intensity of the absorption peaks decreases to minimum for MB due
to the result of photocatalytic reaction. Under the light irradiation, MB turned to colorless
solution within 15 min, it concludes that CaO have higher photodegradation efficiency on MB
(Meshkatalsadat et al., 2022). Percentage of degradation calculated by Equation (1) and Kinetic

rate constant equation (2) that shown under section 3.5 above.

4.5.1. Effect of Catalyst mass (dosage).

The catalyst dose is an important parameter in photocatalytic degradation of organic dyes.
Increase in the photo-catalyst dosage was increase the dye removal efficiency, as a result of
multiplication of the active sites thereby increasing the active species concentration in the
reaction mixture.

The efficiency ranges from 98.6 to 98.5 as the CaO catalyst concentration increases from 10 mg
to 30mg. decrease by 0.01° CaO the highest kinetic rate constant (5.42667*10min™) and
correlation Coefficient (0.7157) at 10 mg catalyst were obtained as presented in Table 4.1. One
of the potential causes for decreasing the catalytic activity at 30 mg could be the turbidity of the
solution as a result of the increase in the amount of catalyst, which prevents radiation from
entering the solution. Another factor could be the agglomeration of high concentrations of
nanoparticles in the solution, which limits the number of active surface sites that are open to
exposure(Jiang et al., 2009).
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Figure 4. 7 Absorbance versus wavelength plots of catalyst CaO and composite of CaO with AC (CaCOs) a) 10 mg
of CaO b) 30 mg CaO, c¢) 10 mg of CaCQO3, d) 30 mg Oof CaCOs

34



100 L 0.7 4
a0 - ) 0.6 - —=— Cal 10mg
—=a= Cal J0mg
= " 0.5 —a— CaCOy 10mg
# —v=— CaCOy I0mg
e 107 0.4
E B Q 0.3
E &
2 spd = ) Dl
E —a— ) Mimg 0.2+
ELE e i (hy by
. 0.1 4
A0 o= a0y MEmg —
0.0 4
2" T L] L T T L ¥ R T bl T T
=40 =iy Q it 41 L] L] 20 30 Al 50 B0
Ti Tim
a} AL I::I} L4
00 o
L B s g, m ]
0.5 M, 3 B W e Mg, 0 TR
N, u Caid omgRE=0.7157 1 & Bty g, Whekichld?
1.0 %, & el leng.,llx-“mﬂ- = : ¥ Ok Mg i T L
. ™ i Catily ibmp i 0706 L
4.5 % E
\ . v sk Mhmp RS =0.83854 ﬁ 5+
=
O
o
— 3+
2
1
0
o

0 80 80 100
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kinetics.

4.5.2. Effect of pH

The pH of the solution is a critical factor for pollutant degradation. Solution of pH at 5 and 12 for
the CaO and CaCOj; catalyst was studied using HCI and NaOH for pH adjustment, as shown in
Fig. 4.10. Most of the cationic dyes showed better efficiency at basic pH due to strong
electrostatic interactions with the negative catalyst surface. The photocatalytic efficiency
decreased with decreasing pH because of the electrostatic repulsion between the dye and the
catalyst. Higher pH levels lead to greater formation of hydroxyl radicals, which are more
effective in decomposing pollutants under basic conditions, which explains the enhanced

degradation efficiency at higher pH levels (Koe et al., 2019).
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Fig. 4.11 displays the percentage degradation efficiency, Ct/Co versus time, and In Ct/Co

pseudo-first and second -order Kkinetics linear plots. In acidic solution, both MB and catalysts

have a positive charge, which results in repulsion towards one another. Thus, there was not

complete degradation at pH 5. However, at higher values of PH 12, the degradation efficiency

increased as a result of electrostatic attraction between the negatively charged catalyst and the

positively charged MB (Table 1)
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Figure 4. 9 Absorbance versus wavelength plots of catalyst CaO and composite of CaO and AC CaCO; a) pH 5.0 of
Ca0, b) pH 12 of CaO, c¢) pH 5.0 of CaCO3, and d) pH 12.0 of CaCO;

The comparison of photocatalytic efficiencies at PH 5 and pH 12 provides a thorough grasp of
how pH affects the effectiveness of CaO and CaCOs in eliminating MB dye. In order to
maximize photocatalytic degradation rates and efficiency, it aids in determining the ideal pH
levels. The overall efficiency of the photocatalytic process is dependent on a number of factors,

including ROS formation at varying pH levels, catalyst stability, and surface charge.
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4.5.3. Effect of dye concentration

The amount of *OH radicals formation on the catalyst surface and interacted with the dye
molecules represent the rate of degradation. Increase in dye concentration was reduce the
reactive species concentration that will result in decrease in degradation efficiency and rate of
reaction. Once, the amount of dye molecules increases, number of dye molecules for excitation
and contact with the catalyst surface also increases. Thus, the quantity light penetrates into the
solution, photon reach the surface of the catalyst was reduced and also more amount of light
absorbed by the dye than the catalyst. Also, increase in dye concentration was result in the
requirement of catalyst surface needed for better degradation. If reaction time and quantity of
catalyst remain constant, then the *OH radical (primary oxidant) formed on the catalyst surface
also remains constant. Thus the number of reactive groups cleaving the dye molecules decreases

with increasing amount of the dye(Goswami et al., 2023).
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Fig. 4.12 shows the photocatalytic degradation of MB in the presence of CaO and composite of CaO
and CaCOj; catalyst with various initial dye concentrations (10 ppm, and 20 ppm) under light
irradiation. The highest deterioration of CaO was achieved at 10 ppm, with the highest degradation
efficacy of 98.5%. The obtained rate constant was 1.8925*10™* min* with a correlation coefficient
value of 0.94499, and for CaCOs as illustrated in Fig. 4.13a and Table 4.1. Due to the production of
OH?e radical on the catalyst's surface and the reaction between the dye molecule and OHe radical, the

efficiency of degradation improved as the initial dye concentration increased.

However, additional increases in the initial dye concentration cause the catalyst's activity to diminish
because the reaction between the dye molecule and the OHe radical is inhibited when more dye

adsorbs to the surface of the catalyst, which lowers the generation of the OHe radical(Reza et al.,

2017).
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Figure 4. 11 Absorbance versus wavelength plots of methyl blue dye concentration a) CaO 10ppm, b) CaO 20ppm,
¢)CaCO; 10 ppm, d) CaCO3 20 ppm.
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Table 4. 2 Percentage degradation efficiency, kinetic rate constant, and correlation coefficient of composites, catalyst

dosage, pH of the solution, and initial concentration of the dye.

Catalyst Dosage
CaO CaCOs
10mg 30mg 10mg 30mg
PDE% 98.60 08.56 97.91 96.02
K(min™) 5.43*10™ 2.59%10™ 1.44*10™ 1.79*10™
R’ 0.7157 0.8550 0.9706 0.9385
PH of the solution
CaO CaCO3
5PH 12PH 5PH 12PH
PDE% 69.50 08.76 72.88 94.87
K(min-Y) 1.67*10™ 2.13*10™ 1.54*10™ 3.73*10™
R? 0.9765 0.8848 0.8807 0.6765
Methyl blue concentration
CaO CaCOs
10ppm 20ppm 10ppm 20ppm
PDE% 98.55 91.24 96.02 79.00
K(min™) 8.9%10™ 3.31*10™ 1.06*10™ 2.85*10™
R? 0.9450 0.9239 0.8095 0.9025

It is possible that the amount of active surface area available for photo catalytic reactions was
decrease if CaCOj3 is formed on the surface of photo catalytic materials. This reduction may
make active locations less accessible and reduce the overall effectiveness of the degradation of
pollutants. When it comes to light absorption and scattering within the composite structure,
CaCOg optical characteristics differ from those of photo-catalytic materials. The effectiveness of
photo catalytic reactions, particularly in heterogeneous photo catalysis, may be impacted by this

change in light distribution.
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5. CONCLUSION AND RECOMMANDATION

5.1 Conclusion

In the present work CaO nanoparticle and activated carbon were successfully synthesized from
eggshell and banana peel by solid state reaction respectively, and CaO-AC composite also
prepared in the same manner. The CaO nanoparticles, Activated carbon and CaO-AC composite
were characterized using analytical techniques such as TGA, XRD, FT-IR, SEM and UV-Visible
spectrophotometry. XRD result confirmed the formation of cubic structure of CaO nanoparticles with
crystallite size 59.5 nm. FT-IR spectra revealed characteristic peaks of Ca-O bonds and functional
groups present in the synthase CaO NPs and CaO-AC composite (CaCOs3) responsible for the
degradation of any organic functional group. From Photo catalytic degradation study, it is possible to
conclude that the synthesized CaO nanoparticle and CaO-AC composite (CaCQOy) is efficient for
degradation of methylene blue dye from wastewater under natural sun light irradiation. It was found
that pH of the dye solution, catalyst dose, initial concentration of dye solution and exposure time has
a great influence on the photo catalytic performance. The degradation efficiency of CaO NPs and
CaO-AC composite (CaCOs3) against MB dye at pH 12, 10 gm of catalyst dose, and 50 mg/L of
initial dye concentration was 98.76% within 2.13*10* minute Uv visible irradiation. The kinetic
study indicates photo catalytic degradation of Methylene blue follows pseudo first order kinetics.
Generally it is possible to conclude that CaO NPs and CaO-AC composite (CaCOg3) can be used for

the degradation of methylene blue dye under Uv visible irradiation.

5.2 Recommendations

Synthesis of a CaO and activated carbon (AC) composite by utilizing an inert gas ensure the
formation of pure CaO/AC composites. The use of inert gas such as nitrogen or argon, during the
mixing and thermal decomposition process helps prevent unwanted reaction with atmospheric
gases, such as oxygen, and carbon dioxide , which can lead to impurities in the final product.
This optimization step is crucial for enhancing the photo catalytic efficiency of the CaO/AC
composite by ensuring high purity and better interaction between the CaO and AC components.
Present an assortment of experiments requiring a range of tools and methods. This strategy can
let students use instruments more equally and lessen competition for certain resources. To reduce

downtime and increase instrument availability, make sure that instruments are properly
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maintained and repaired on time. Establish routine maintenance schedules and inspection

schedules to avoid unplanned malfunctions.
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