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Abstract

Heavy metals are the most dangerous types of contaminants among all the pollutants found in
water and are of major concern because they are non-biodegradable in nature, highly toxic even at
very low concentrations and have serious effects on both human and environmental health. So this
research study aimed to assess the efficiency of commercially available orange peel waste (low
cost adsorbent) for the treatment of synthetic wastewater containing heavy metals as an economical
water cleaning technology. Therefore orange peel adsorbent was doped with selenium nano-
particles to enhance the adsorption capacity. Batch experiments were conducted with two different
heavy metals i.e. Pb and Cr to investigate and examine the effect of initial concentration, adsorbent

dose, and temperature, effect of pH, and contact time on the adsorption of selected heavy metals.

The adsorption characteristics of material were determined through its physical and chemical
properties (surface area and functional groups). The present study reported that orange peel nano-
composite acts as a good adsorbent and suitable alternative water cleaning technology for

removing heavy metals.

The adsorbent characterization was performed through SEM, FT-IR and XRD, while Atomic
Adsorption Spectroscopy analysis was performed to obtain the heavy metal concentration after
contact between adsorbate (Pb and Cr) and adsorbent (Se/OP Nano-composite). According to the
results it is depicted that Se/OP Nano-composite works very effectively under optimum conditions
for removing selected metals (Pb and Cr). Large amounts of Pb and Cr were removed at basic pH
with 20ppm heavy metal concentration which is 99.9% and 99.99% at 10mg dose. So 10mg is

considered as the optimum dose for the removal of both Pb and Cr.

It is concluded that activated carbon prepared from orange peels can be a low cost bio-adsorbent
(alternative cleaning technology) for the treatment of wastewater containing heavy metals, as it is

abundantly available in agricultural countries.

N ——— S O
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Chapter 1 Introduction

1.0. Introduction

Fresh water is considered as for 3% of total water resources present on the Earth.
Waste effluents containing heavy metals get discharge directly into the water resources causing
serious threats to both human and ecosystem through different human and industrial activities.
Fresh water bodies are the sources from where the water fit for human consumption is obtained.
About 70% clean water goes to agriculture and this natural resource is now becoming insufficient
so its scarcity is a major social as well as economic concern (Baroni L et al., 2007). Over a larger
scale, industrialization cause environmental pollution specifically water pollution where lakes and

rivers are overburden with large number of toxic materials and effluents (Vieira RH, Volesky B.,
2000).

They are introduced naturally (weathering of the parent materials) as well as through
anthropogenic activities which includes mining, electroplating, smelting, and different other
industrial processes (Alloway., 1995 and Nriagu, 1996). This situation affects consequently ground
and surface water. Hence it is crucial to remove these hazardous organic pollutants from waste
water (Khan et al., 2012). Heavy metals are highly toxic elements and have non thermo-degradable
and non-biodegradable nature(Bohn et al., 1985).They are considered as a major threat to
environmental pollution throughout the world (Ping et al., 2011).

There are extensive issues of pollution caused by heavy metals as they are harmful and hazardous
for animals and plants as well as human beings (Jang et al., 2006; Li et al., 2006 and Zhuang et al.,
2009). So presence of toxic contaminants (heavy metals) in water creates serious health and

environmental hazards.

Figure 1: Main sources of heavy metals.

Synthesis and characterization of Na2SeQ3/orange peel Nanocomposite and its evaluation as an effective
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There are number of health problems that can be caused by polluted water with metals (Igwe and
Abia, 2007) stated that Lead can inhibit enzyme activities and formation of red blood cells; it can
effect nervous system as well even at low concentration. Manganese and Cadmium can affect
growth and skeletal calcification and also have long term effect. Because of technical and
economical limitations several countries release their effluent without any treatment to surface

water (Michael et al., 2003).

Threats Estimated population - at risk | Estimated global impact (million
(million people) people)
Lead 10 18-22
Mercury 8.6 15-19
Chromium 7.3 13-1&
Arsenic 3.7 5-9
Pesticides 34 5-8
Radionuclides 33 5-8

Table 1: Top six toxic threats.

Wastewater treatment plants are in the matter of in connection with cost and these plants also have
many other problems related to disposal (Mansour HF, 2013). To conquer this problem different
fruit wastes are used as an efficient bio-adsorbent for treatment and management of wastewater.
The technique which is the most efficient and economical as well as it does not require the use of

energy for cleaning of wastewater is adsorption; this technology is ecofriendly (Palanisamy P et
al., 2013).

Synthesis and characterization of Na2SeQ3/orange peel Nanocomposite and its evaluation as an effective
adsorbent for the removal of Heavy Metals from wastewater Page 3
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Removal Advantages Disadvantages | Cost References
techniques
Precipitation Simple and low | Slow process and | Lower Choong et al,
cost produce  large 2007
sludge
Electrodialysis | High separation | High energy | High Mohammadi et
selectivity consumption al., 2005
Membrane No. chemicals | Temperature High Hosamani et al.,
filtration required, taste | limitation, 2010
and color is not | effective for
affected by dose | minor sream
sizes
Coagulation Simple Produce  toxic | Comparatively | Zhang et al,
chemicals used | sludge low 2011

Table 2: Advantages and disadvantages of conventional technologies used for the removal of heavy metals from

waste water.

Treatment technologies for both drinking water and wastewater are one of the most important key

requirements for sustaining human well-being as well as for rising the economy.

So, it is pivotal to introduce, then accomplish advanced and unconventional water treatment
technologies at very low energy consumption as well as higher efficiencies (Zwiener, C et al.,
2007). The outdated materials and cleaning technologies including oxidation, nanofiltration (NF),
activated sludge (AS), activated carbon (AC) and reverse osmosis (RO) are insufficient and
ineffective to clean polluted waters particularly which contain surfactants, pharmaceuticals,
personal care products, and different industrial extracts. The traditional waste water treatment
technologies have insufficient potential for acceptable elimination of pathogenic microorganisms
and a widespread range of hazardous substances and pollutants in wastewater. Problems of energy
shortages, water shortages, health, and climate change can be reduced using better purification

technologies.

S S SO
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There is a need to developm profitable, economical, efficient and authentic materials and
technologies to accomplish a significant saving of clean water by reusing of wastewater (J. W.

Readman et al., 2002).

Previous works showed appropriateness of variety of agricultural provisions (materials) including
corncob, coconut coir pith (Shankar, 2014), rice husk (Sivakumar, 2014 Sivakumar and Nouri,
2015), groundnut husk, tamarind kernel (Shanthi and Mahalakshmi, 2012; Sivakumar, 2014), saw
dust, tea leaves carbon, and different other bio-materials that can be used to treat wastewater
(Sivakumar, 2012).

Various fruit wastes and agro wastes are utilized as adsorbents for the treatment of wastewater,
like orange peel (Adeleke H et al., 2018), banana peel (Nguyen T et al., 2012), pomegranate
(Jaouali I et al., 2018), Corn Cob (Panphrom § et al., 2012) and agricultural wastes (Sultan M et
al., 2018). 20% population of Pakistan is approachable to safe drinking water which is disgusting
and shocking situation for the upcoming generation in future. Therefore it is necessary to treat the
wastewater through technologies that must be cost effective, efficient, as well as economical for

removing the contaminants from wastewater (K.M. Al-Qahtani 2016).

Elimination of hazardous materials from contaminated water is essential for both human health
and ecosystem defense. So in this perspective, different conventional technologies including
adsorption, precipitation, oxidation, reduction, and ion exchange are used usually. Among them
the process of adsorption is the most appropriate technology due to its high competence as well as
profitable consideration (Gupta, V et al., 2016). Numerous marketable and traditional technologies
are proceeding daily but the development of nanotechnology has evidenced as one of the most
advanced and innovative way for the treatment of wastewater. Advances in nano scale
investigation and research made it evident and promising to develop stable economical and
environment friendly treatment methods and technologies for the treatment of wastewater
efficiently in order to meet the standards of water quality that are ever increasing.
Nanotechnological developments and improvements are providing the chances and to encounter
the stresses of drinking water for future generations. So it is recommended that by using variety of
nanoparticles under the subject of nanotechnology it is possible to address different water related

concerns sufficiently (N. Savage and M. S. Diallo 2003).

Synthesis and characterization of Na2SeQ3/orange peel Nanocomposite and its evaluation as an effective
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Adsorbents such as zeolites, activated carbon, polymers, and biomaterials are using on large scale
for the treatment of wastewater (Gupta, et al., 2015). Still, the removal efficiency of these resources
is comparatively less (Gupta, Vet al., 2016). Consequently, it has become vital to find more

competent and capable adsorbents.

Since the developments in nanotechnology became advanced, there is a great potential for the
treatment and remediation of environmental problems (Gupta, et al.,, 2015). In contrast to
traditional materials, the adsorbents doped with nano-particles show greater adsorption rates and
higher competence for the treatment of wastewater, may be due to the extremely large surface area
(Dil, et al., 2017). Different cost effective, resourceful, and environment friendly nanomaterial
have been proposed for decontamination of wastewater because of having unique properties and

functions (Sadegh, et al., 2016).

The perfect adsorbent for treatment of wastewater should fulfil the following criteria (Gupta, et
al., 2016).

¢ Environment friendly and nonthreatening
e Determine a high adsorption capacity and great discrimination particularly for the
contaminants at very low concentration.

e Must be eco-friendly

Newly, research for decontamination of industrial waste by removing toxic metals has motivated
the use of agricultural by-products as an adsorbents through the process of adsorption. As the
agricultural wastes are available in sufficient quantities in agricultural countries it make possible
to use them as a natural adsorbents. Agronomic materials include a variety of functional groups,
lignin, lipids proteins, hydrocarbons and starch. Recent advances and developments in
nanotechnology provides great opportunities to find profitable as well as maintainable water stock
systems. The diverse functional capabilities associated with nano-science is expected to offer
reasonable, great performance solutions for the treatment of wastewater which require less

infrastructure (Qu et al.2013).

S
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Wastewater treatment technologies related to nano-technology are encouraging to overcome the
challenges regarding wastewater treatment. These technologies offer advanced treatment
capabilities as well (Bunani et al. 2015). The worth and value of the waste can be enhanced
affectedly through nano-technology which comprise microfiltration, nano-filtration and reverse
osmosis. It also enlighten the economic and environmental development of organizations to
produce and improve better quality water for future generations (Wu et al. 2011). The management
and recycling of wastewater can be achieved through using nanotechnology which provide greater

chances to eliminate distresses associated with water.

It require less dependence on large infrastructure. Nanotechnological water treatment
technologies are achieving much focus and concentration in developing countries (urban areas)
that mark an extensive variety of contaminants. A viable municipal water management is a
definitive and ultimate aim which can be reached by implementing supreme management systems
with engineered nanomaterials (He et al., 2010). Adsorbents are nano scale small particles having

abundant fascination to adsorb pollutants from aqueous solutions (Madhura et al. 2018).

These adsorbents may be used effectively as well-organized, economical and eco-friendly
adsorbents in order to remove several toxic substances from aqueous solutions like azo dyes and
heavy metals (Singh, S et al., 2011). The process of adsorption is a spectacle in which the adsorbate
is added on the adsorbent surface where a solution having absorbable solute approaches to contact
with a solid with a extremely porous surface, then due to liquid—solid intermolecular forces of
attraction some of the solute molecules are deposited on the solid surface (Wang, L et al., 2012).
Application of nanoparticles can be linked with many fields like medical, environmental studies,

energy generation, food industries, electronics production, and agriculture (Wang, Y. and Herron,
N, 1991).

The most frequently used nanoparticles which have widespread uses are silver, zinc, gold, copper,
iron and selenium. Essential mineral selenium is a metalloid and an essential micronutrient. It plays
vital roles in the human body by improving the action of enzymes like seleno-enzymes and
glutathione peroxidase that protect the body in contradiction of immunity related diseases

(Romero-Perez, A et al., 2010).

Synthesis and characterization of Na2SeQ3/orange peel Nanocomposite and its evaluation as an effective
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]

Nanoparticles uses in communal customer products and machines because of their unique
properties than bulk materials (Crutzen, et al., 2014). Selenium is an important trace element in

the diet, required for maintenance of health and growth (Skalickova, et al., 2017).

The waste of orange peels is generated mostly from juice manufacturing industries which cause
different health environment (soil and water pollution) related problems because of production of
bulk amounts. soil and water pollution. Therefore, reclamation and conversion of orange peel
waste has been a hot topic of concentration recently and it is one of the most important alternatives
for the preparation of sorbent materials. Orange peels as a sorbent can be used to eradicate
contaminants such as color and chemical oxygen demand from wastewater. Orange peels are
produced in large amounts throughout the Pakistan mostly from juicing industries so it can be used

as an economical bio-sorbent for the treatment of pollutants present in aqueous media.

This present study deals with the assessment of efficiency and effectiveness of selenium
nanocomposite with orange peel for treatment of synthesized wastewater and the probability of
removing selected heavy metals from water polluted with Pb and Cr. So this study will provide a
reference document for adsorption capacity of Se/orange peel nano-composite by using

nanotechnology.
1.1. Problem Statement

As a result of different anthropogenic activities, today world is facing serious threats of air, water
and land pollutions particularly pollution of water, has raised up severe environmental influences.
Production of large volumes of contaminated water polluted with different heavy metals has put a
lot of stress on the human beings and environment. Different treatment technologies are available
to control water pollution but the drawback of operational & maintenance cost and complicated

procedure involved in the treatment is associated with them.

00 s U o A
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1.2. Aim of the study

The aim of the present study is to examine the removal efficiency of Se/orange peel nanocomposite
as a low cost bio-adsorbent for the removal of selected heavy metals (Pb and Cr) from synthetic

wastewater.
1.3. Objectives

Therefore objectives of my study:

1) To synthesize and characterize the dried orange peel nano-composites.

2) To investigate the removal efficiency of orange peels as an adsorbent to minimize the
treatment cost.

3) To study the effect of pH, initial metal ion concentration, dose and time required for bio-

sorption

Do s s asseesse ettt et Sttt AR SRSt eSS A RS e RS RS RS eRR T R SAE T eAER brS S S et S et eterere
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Chapter 2 Literature Review

2.0. Literature review

Water is an important component for living organisms and its pollution is one of the
major worldwide environmental threats today. Invasion of substantial quantities of surfactants,
organic and inorganic waste, sediments, sewage, synthetic dyes, and heavy metals into all types of
water bodies has been increasing at faster rate over the past century because of rapid
industrialization, population growth, agricultural activities and other environmental and geological
changes. Fresh water that is free of contaminants and poisonous substances, is vigorous to the
biosphere’s health, as well as serious feedstock in different industries. Significant consideration
has been rewarded to the environmental complications and harms concerning treatment of water

recently (N. Savage, M. S and Diallo, J. 2005).

Predominantly, the dyes are matter of great concern present in industrial wastewaters because they
have toxic and potentially dangerous moieties as well as being the source of aesthetic problems
(Javed, M and Usmani, N., 2013). The problems existing by such wastes are the hot and critical
issue for the most of developing countries including Pakistan. These pollutants are very damaging
and are threatening seriously. Therefore there is a dire need to develop such technologies that are
environment friendly and economical to remove pollutants. At present there are a number of
methods that are in operation to remove and minimize these wastes are including ion exchange,
electro-coagulation, membrane filtration, advanced oxidation, biological degradation, photo

catalytic degradation and adsorption.

20% population of Pakistan have access to nontoxic drinking water which is a frightening
condition for the upcoming generations in future. So it is obvious to clean wastewater through such
technologies that must be cost effective, inexpensive, ecofriendly, effective as well as competent
for the elimination of contaminants from wastewater (K.M. Al-Qahtani 2016). Various natural
biosorbents are present in environment having the capability to treat water contaminated with
heavy metals. A variety of used materials such as rice husk, fruit waste, peat moss, red mud,
zeolites, fly ash and sugar industry waste have removed numerous organic pollutants from 80-

99.9% (Khan et al., 2012; Gangadhar et al., 2016 and Nuruzzaman et al., 2016).
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adsorbent for the removal of Heavy Metals from wastewater

Page 10



Chapter 2 Literature Review

Bio-sorption is recognized as one of the greatest technologies for cleansing and refining of water
due to its economical, cost effective and environment friendly properties. This process is resilient
enough to appreciate the requirement of water reuse and extraordinary overspill standards in the
industries. Bio-sorption is principally a mass transmission process through which the metal ions
are transferred from the solution to the sorbent and then bound by physical or chemical associations
(Agarwal et al., 2011, Gupta, et al., 1998, Gupta and Nayak, 2012, Babel, and Kurniawan, 2005).
Dissolved pollutants (organic and inorganic) of water can be eliminated through an effective

adsorption technique (Gwenzi et al., 2017).
2.1. Agricultural waste

Agricultural wastes can also be used as sorbents to remove contaminants (heavy metals) from
aqueous solutions. Because of plentiful accessibility of agricultural by products like rice husk
which is economical as well as serious disposal problem is associated with it, agricultural waste
can be considered as one of the richest source for low cost adsorbents (Selvakumari et al., 2002).
In previous literature Ni in wastewater was treated with orange peel (Ajmal et al., 2000). Numerous
low cost bioadsorbents have been recognized including orange peel, sawdust, cellulose waste,
sunflower waste and palm-fruits etc. and these are cost effective as well as accessible over a large

scale.

Recent consideration has been rewarded for manufacturing nano-bioadsorbents to increase the
removal efficiency and large accessibility of adsorbent i.e. cost effective agricultural waste is
altered into nano-scale adsorbents by several physical or chemical processes. Studies showed that
most of the wheat straw has been left for burning directly so it is essential to make its best use to
avoid pollution. Therefore Huang et al., have conducted a research study on structure, morphology
and components of wheat straw which has a vascular bundle arrangement and offer extra surface

area for the alteration of chemicals (Huang et al., 2005).

Activated rice husk waste is potentially a beneficial material for the elimination of Cu and Pb from
aqueous media (Wong et al., 2003). Orange peel is one of the low cost adsorbents used to treat
wastewater. Agrarian wastes particularly, waste having high percentage of lignin and cellulose
comprises polar functional groups including amino, carbonyl, alcoholic, phenolic and ether groups

which have great capacity for metal binding (Hossain M et al., 2012).
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Agricultural waste Metal they removed _ References . l
. W ‘
Tea industry waste Cd (I, Cu (I1) Ozasik et al., 2004
Ni (I) Maloc and Nuhoglu, 2017
Cr (V] Maloc and Nuhoglu, 2017
Potato peels Cu (1) Amana et al., 2017
Cork powder Zn (1D Kanawade and Gaikwad, 2011
Water melon shell Cu (II) Banerjee et al., 2004
Grape stalk wastes Cu (ID, Ni (IT) Villaescusa et al., 2004

Table 3: Removal of heavy metals by agricultural waste from waste water

2.2. Activated carbon

Activated carbon (AC) is one of the most extensively used adsorbents which is extremely porous,
shapeless solid comprising of micro crystallites with a graphite lattice, commonly produced in
small pellets or a in a powder form. Most commonly used adsorbents for the removal of metal ions
are biomaterials, zeolites and industrial solid wastes (Wang et al, 2008), clay minerals (Wilson et

al. 2006) and activated carbon (Satapathy et al., 2006, Pollard et al., 1992).

Contemporary and advanced industries started manufacturing of activated carbon in 1900-1901 in
order to substitute bone char in the sugar purifying industry (Bansal et al., 1988) and ground
(powdered) activated carbon was produced first time commercially in Europe in the initial era of
19th century, through spending wood as a raw material (Mantell et al., 1968). It can be produced
from any material ensuring high content of carbon. As it has advanced permeable structure and

large surface area for adsorption of heavy metals so it is a good adsorbent for the elimination of
chromium (Anirudhan and Sreekumari, 2011).

For the very first time activated carbon was used as an adsorbent for the treatment of waste water
in 1940, but it cannot be used in large amount concerning high cost. So this situation compelled

scientists in the direction of the development of low cost options of activated carbon (Khan et al.,
2012).
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Activated carbon is synthesized from vineyard shoot where phosphoric acid was used as an
activating agent whose permeability was better when the raw material was activated (Corcho et
al., 2006). Large surface area and enormous pore size makes activated carbon as a best adsorbent
for the treatment of contaminated water to remove of heavy metals (Fabregat et al., 2012). These
materials are nearby accessible in huge quantities so, they are economical (Mohana et al., 2007).
Activated carbon (AC) is now produced from different agro-based wastes which include moso and
bamboo (Lo et al., 2012), hazelnut shell activated carbon (Kobya 2004), rubber wood sawdust
(Karthikeyan et al., 2005), treated sawdust of Indian rose wood (Garg et al., 2004)coconut shell
carbon (Babel & Kurniawan 2004), coconut tree sawdust (Selvi et al., 2001), sugarcane bagasse
(Sharma & Forster 1994), viticulture industry wastes, lex, grape stalk, pomace (Sardella et al.,
2015), and wood activated carbon (Selomulya et al., 1999).

Chromium was removed from wastewater through the use of activated carbon produced from
rubber wood sawdust from which the adsorption capacity of maximum 44 mg/g was achieved at
optimum of pH 2 (Karthikeyan et al., 2005). Because of containing pectin (galacturonic acid),
cellulose, lignin and hemicelluloses, orange peel waste is recycled and used as a bio-adsorbent for
the elimination of chromium from wastewater. Because of its easy accessibility and low cost it is

very attractive adsorbent (Feng et al., 2011).
2.3. Nanotechnology

The advances in nano-science recommends the nanotechnology as beneficial technology for
resolving most of the current water treatment issues by using nano-sorbents, catalytic membranes,
bioactive nanoparticles, nano-catalysts etc. (Diallo, J, M. S and N. Savage, 2005). Nanotechnology
is low-cost technique that does not include sophisticated equipment and long procedure. The
process is simple, easy, and safe to handle, and work effectively (Khatamian, M et al., 2017). At
present, numerous nano-substances are manufactured with the help of this deriving technology
which has great significance in scientific research (Maynard, A. D et al., 2004). Nano-composites
and nano-sized metal oxides cleanup water under the several water quality limitations such as

competing ions and pH (Sunbaek, B et al., 2010).

5 0 00001 OO SOOI
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Nanoparticles are a new cohort of such materials that are highlighted for the remediation and
treatment of environment because of having unique possessions like magnetic property, small
particle size, big surface area, pore size, biocompatibility, thermal strength, and chemical inertness
(Ahmed et al., 2015).

High surface area, high active sites, low particle diameter and magnetic character of adsorbent are
accountable for the higher removal capability for pollutants (Herrero, R et al., 2016). Recently,
nano-composites, metal-based adsorbents and metal oxides are applied for cleanup of pollutants
from pollutant sites (Hmidi, N et al.,, 2017). Moreover, development and redevelopment of
adsorbent make the process important in respect to cost and removal capacity (Musmarra, D et al.,
2009). Adsorption is extra trustworthy, encouraging process having competence, working
simplicity, cost effectiveness, local accessibility of adsorbents and regeneration potential of the
adsorbents (Musico et al., 2013, Kumar et al., 2014, Joshi et al., 2018 and Thitame and Shukla,
2017).

Various cost effective, efficient and environment friendly nano-materials having distinctive
functional properties are suggested for possible uses in cleansing of groundwater, drinking water,
industrial effluents and surface water (Savage, N., and Diallo, M.S, 2005, Theron, J et al., 2008,
Sadegh, H et al., 2016, Asfaram, A. et al., 2017). It was revealed that the nano-materials may play
a significant part in the treatment of waste water (Singh, S., 2013). The nano-materials may be
effectively used as operative, economical and environment pleasant adsorbents to eliminate several
contaminated substances from wastewater like heavy metals and azo dyes etc. (Zwiener, C et al.,
2007, Joss, A et al., 2006, Sadegh, H et al., 2016, Savage, N., and Diallo, M.S, 2005, Singh, S.,et
al., 2011, Tuzen, M., and Soylak, M 2007, Zhao, Y.-G et al., 2010).

Nanotechnological developments are providing the chances to encounter the demands of fresh
water for future generations. Now it is recommended that it can sufficiently report most of the
water quality related concerns and problems through using variety of nanoparticles (N. Savage and
M. S. Diallo 2003). Currently, nano-materials are providing promising methodology for the

removal of heavy metals from wastewater.
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Over the previous limited years, nano-materials have drawn-out a lot of attention. The earlier time
spans countersigned the growing uses of nano-materials in the environmental safety field as well
(Kharisov, B.L et al., 2014). Remarkable research on nano-materials have been accepted out to
examine their uses in water treatment for the removal of heavy metals and they have proved great

potential as a promising and positive substitute to remove heavy metals from wastewater (Vunain,
E et al., 2016, Nizamuddin, S et al., 2018).

Carbon-based nano-materials were primarily used in the electronics industry due to their
astonishing electrical and thermal properties (Dresselhaus, M.S andTerrones, M. 2013). However,
some other extraordinary properties they exhibited are; simplicity of chemical or physical
modification, capability of removing both organic, and inorganic pollutants large surface area,
have prepared carbon-based nano-materials as ultimate substitutes for handling wastewater
(Rodrigues, D.F 2015).

Wastewater treatment plants concerning cost contribution and these plants have also problems
related to dumping (AG E-S, and Mansour HF 2013). To overwhelm this problem fruit waste is
used as cost effective and economical adsorbent for treatment of wastewater. Adsorption is a
technique that is most efficient, profitable and cost effective as well as it does not require the use
of energy for the treatment of contaminated water; this technology is eco-friendly (Baseri JR et
al., 2012). Various agricultural wastes and fruit waste are used as adsorbents for the treatment of
water, such as banana peel (M. Hossain et al., 2012 and R. Olaoye et al., 2018), orange peel (A.
Pandiarajan et al., 2018), pomegranate (Jaouali I et al., 2017), and agricultural wastes (Sultan M,
et al., 2018, Hassoon HA (2018) and Ibrahim S, et al., 2004).

Wannahari M ,et al., 2018 used nano-magnetic adsorbent composite produced from sugarcane
bagasse for removing copper from contaminated water, adsorption-desorption studies indicated
that it can demonstrate high stability for regeneration with good re-adoptability (Kumari et al.,
2018). Tellez k, et al., 2011 adsorbed chromium through a composite by incorporating
nanoparticles of iron into orange peel pith and it was investigated the % removal and adsorption
capacity for this composite were 71% and 5.37 mg/g correspondingly than raw orange peel that

was 34% and 1.90 mg/g respectively.

B
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To control water pollution number of treatment technologies are available but the drawback of
higher operational cost, complicated procedures involved and the generation of toxic sludge is
associated with them. So the scope of this contemporary research is to examine the adsorption
capacity of orange peels applied as an adsorbent for the treatment of contaminated water containing
selected heavy metals. As the waste produced from fruits is discarded and dumped openly in our
country which may cause different environmental problems including leachate that will ultimately
damage and destroy earth. Therefore this contemporary research study on wastewater treatment
will provide the idea for treating contaminated water through using orange peels waste as an

efficient and economical adsorbent.

000000 OSSN
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Chapter 3 Material and Methods

3.0. Material and Methods
3.1. Sampling

The samples of Orange peels were collected from local market of Islamabad as its availability,

handling and transportation is stress free and very easy.
3.2. Adsorbent
Selenium/Orange peel nanocomposite

3.3.0. Preparation of Adsorbent

Orange peels samples were collected from local market of Islamabad, cut down into pieces, and
washed two to three times by using tap water to remove extraneous materials (dirt and sands).
After washing these sample materials were dried in the presence of sunlight for one week. Then
dried orange peel samples were crushed to a powder form with the help of grinder. After that
samples (crushed powder) were washed again by using de-ionized water till it became colorless.

Then finally it was dried at 60°C for seven hours in drying oven.
3.3.1. Activation of the Adsorbent

For the activation of adsorbent 10g of properly dried orange peel and 100ml 2M NaOH solutions
were prepared and placed in 500ml reaction kettle then heated at 200rpm at 100°C for 7 hours.
After that resulted orange peel sample was sieved and washed through using de-ionized water till
the filtrate became colorless and neutral. Approximately after two to three days of continuous
washing it became colorless and neutral, then it was treated with Hydrochloric acid (2M) under
water bath at 80°C for 25-30 minutes to remove residual alkali metals in samples. At the end this
prepared activated orange peel sample was washed by using de-ionized water till it became
colorless and neutral. Then finally it was dried in drying oven at 80°C for 4 hours (Kaifeng et al.,
2019).
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Collection of orange peels

U

Washing, drying and grinding
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Activation of adsorbent
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2M 100ml NaOH
Added in 500ml
reaction kettle
heated at 100 °C

Washing
Filtration
Addition of Hel

\ under waterbath

Orange peel sample
was washed and dried
in an oven at 80°C

Figure 2: Flow sheet diagram of activation of Orange Peel

3.3.2. Synthesis of Selenium Nanoparticles

Selenium nanoparticles (SENPs) were prepared by chemical precipitation/reduction method.
Sodium selenite (Na2SeO3) and ascorbic acid (CsHsOs) were used for the preparation of
nanoparticles of Se where ascorbic acid (CsHgOps) act as a reducing operator (Malhotra Set al.,
2014).
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Then aqueous solution of 17.29g Na;SeO3 and 8.806g CsHsOs were prepared in ratio of 1: 4. After
that solution was kept under magnetic stirring condition at different rpm (rotation per minute) and

at ambient temperature for 30 min.

Then the mixtures were allowed to react with each other in the concentrated form until the color
of solution change from colorless to red color. Finally when red color appeared then the solution
was centrifuged at 3000 rpm (rotation per minute) and the selenium nanoparticles were obtained

and placed in a desiccator to dry at room temperature.
Na;SeO3 — 2Na" + SeOBé'
Ce¢Hs0s — C¢H706™ + H'
2Na* + Se03* + C¢H70¢ + H" + H20— Se + 2Na* + CsH70¢™ + H20
3.3.3 Preparation of nanocomposite of Se and orahge peel-Cellulose (OPC)

3g of orange peel cellulose was mixed with 7g of Se nanoparticles, then mixture was added in 30
mL of distilled water and agitated for half an hour with the help of magnetic stirrer. After that it
was shifted to a 50 mL vessel and heated on hot plate with magnetic stirring at 200°C for 24 h,
then resulted sample was washed two times using both ethanol and distilled water. After that it

was dried at 60 °C in drying oven and named as Se/Orange peel nanocomposite.
3.3.4 Calcination

The Se/OP- nanocomposite was calcined at 550 °C in muffle furnace for 3 hours. The obtained
product was expressed as Se/OP nanocomposite and placed in a desiccator for further use in

experiment.

3.4. Characterization of Activated, Non-activated orange peels and

Nanocomposite

The morphology and elements percentage of nano-composite was measured by using SEM
(scanning electron microscopy), XRD (X-ray diffraction) and FT-IR (Fourier transform infrared

spectroscopy) that was performed to explore the functional groups present in the sample.
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3.4.1. Scanning Electron Microscopy (SEM)

SEM is an analytical method that yield high resolution duplicate image of samples by using
focused beam of electrons as small as 15 nanometers. SEM provides three dimensional appearance
of sample images that is beneficial while investigating the surface morphology of a sample. It is
used to examine the morphology of sample. It produces images to collect data about composition

and morphology of samples.
3.4.2. Fourier Transform Infrared Spectroscopy (FT-IR)

FT-IR is a technique that was performed to characterize activated as well as non-activated samples
of orange peels, nanoparticles of selenium and nanocomposite of selenium and orange peels. It is
a technique performed to attain infrared spectrum of absorption and emission of samples. FTIR
analysis recognize organic as well as inorganic materials by scanning them through using infrared
light. It is used for the detection of different functional groups. FTIR spectrum is recorded between

4000 and 400 cm™" as wave numbers.
3.4.3. X-Ray Diffraction (XRD)

XRD is a systematic testing method that was performed to identify and characterize the material
crystallinity. For best results sample material is prepared as finely grounded material,
homogenized and presented to the X-ray beam to determine the composition of sample. It is used
to identify crystalline material and for quantitative determination of impurities in crystals. Another
significant use of XRD is particle size determination. This analytical method is nondestructive and

provides information on the molecular structure of the sample.
3.5.0. Batch Adsorption Experiment

The Se/orange peel Nanocomposite was applied as bio-sorbent to synthetic wastewater containing
selected heavy metals (Pb and Cr) during series of batch experiment under variable parameters of

pH, temperature, initial metal ion concentration and dose of adsorbent at a shaking speed of

100rpm and contact time of 60 minutes.
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3.5.1. Synthesis of Wastewater containing Lead and Chromium

For synthesis of wastewater containing selected heavy metals stock solutions of lead (Pb) and
potassium chromate (K2CrO4) were prepared in 100ml distilled water. Working solutions having
concentration of 10ppm and 20ppm were prepared through dilution of both of the standard
solutions (stock). The solution pH were settled by using drops of 1M HCI or 1M NaOH solution.
Then Atomic Absorption Spectrophotometer was used for the analysis of concentration of Pb and

Cr in prepared solutions.
3.5.2 Batch Adsorption Experiment

The Se/OP nano composite was applied as bio-sorbent to synthetic wastewater samples (containing
Pb and Cr) during series of batch experiment under variable parameters of pH, temperature, initial

metal ion concentration, , adsorbent dose and contact time at 100 rpm.
3.5.3. Batch as a function of Initial Concentration

In this experiment initial (primary) metal ion concentration of adsorbate (heavy metals) solution
was varied while adsorbent dose and pH were kept constant. Adsorbate solutions were prepared
having concentration of 10ppm and 20ppm and Se/orange peels nanocomposite was added as an
adsorbent dose and placed in a vibrator (HY-4A CYCLING) at 100rpm for 90 minutes. The aliquot
was drawn at Omin, 30min and 70min. Each aliquot was then filtered through filter paper. The
concentration adsorbed was determined from calibration curve constructed with standards by

running each filtrate on Atomic Adsorption Spectrophotometer (AAS).
3.5.4. Batch as a function of pH

50ml of adsorbate solutions having concentration of 10ppm and 20ppm for lead and chromium
were prepared in a beaker separately. The adsorbent dose of 0.5g and 0.10g were added in
adsorbate solution while the pH of solution was settled by using diluted HCI or NaOH solution
drop wise with the help of pH meter. The beakers containing the solutions were placed in a vibrator
at 100rpm for 90min. Each filtrate was run on Atomic Adsorption Spectrophotometer. (AA-7000,
SHIMADZU).
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3.5.5. Batch as a function of Adsorbent Dose

50ml adsorbate solutions for both lead and Chromium with initial concentration of 10ppm and
20ppm were prepared where adsorbent dose was varied as 0.5g and 0.10g. The solutions were then
placed in a vibrator at 100rpm for 90min. Each filtrate was run on Atomic Adsorption

Spectrophotometer.
3.5.6 Batch as a function of Temperature

50ml of adsorbate solutions for both lead and chromium were prepared with initial concentration
of 10ppm and 20ppm having adsorbent weight as 0.5g and 0.10g. Each sample was then treated
with the temperature of 45° and 60° for 90min in water bath. The aliquot was drawn at Omin,
30min and 90min for both temperatures and each filtrate was run on Atomic Adsorption

Spectrophotometer.
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4.0. Results and Discussions

The purpose of this contemporary study is to focus on the elimination of selected heavy metals
(lead and chromium) from artificially synthesized waste water by means of low cost nano-

composite (Se/Orange peel).

4.1. Characterization of Adsorbent

For characterization of the samples scanning electron microscopy (SEM), X-ray diffraction (XRD)

and Fourier transform infrared spectroscopy (FT-IR) analysis were performed.

4.1.1. Scanning Electron Microscopy (SEM) Analysis

The SEM investigation was performed to characterize the surface morphology of the synthesized
Nano-composite, activated and non-activated orange peels. SEM imaging of samples before (Non-
activated Orange peels) and after treatment is represented in figure 3(a) and figure 3 (b)
respectively. The characterization results in both figures showed that there is a significant change
in morphology of orange peel before and after activation. From figure 3 (a) it is clear and obvious
that orange peel has smooth surface before activation, while figure 3 (b) represented the
morphology of Se/OP nano-composite which showed that it contains irregular intercellular spacing
and pores which are formed due to the NaOH activation of activated carbon. These resulted
outcomes were compared with previous literature which confirmed the successful adsorption
through orange peel nano-composite as it is evident from results that carbon surface is extremely
porous in nature. The pores present on the surface enhance the contact area during adsorption (Tay
et al., 2009). So according to Rangabhashiyam et al., for efficient biosorption an internal surface,

pores and spacing is necessary (Rangabhashiyam et al., 2014).
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Figure 3 (a): Orange peel before activation and (b): Activated OP with Se/NPs as a Nanocomposite

4.1.2. Fourier Transform Infrared Spectroscopy (FT-IR)

To investigate and define various functional groups attached with surface of the adsorbent for
adsorbate binding, a standardized technique (FT-IR) was used to characterize activated, non-
activated orange peels and Selenium nanocomposite sample. Functional groups on the surface of

adsorbent can be identified effectively by FT-IR (Badmus et al., 2007).

Figure 5 showed the FT-IR spectrum of activated, non-activated orange peels samples and
nanoparticles of Selenium which indicate the functional groups in synthesis and activation. The
peak obtained at 3550cm™ is due to —OH stretching vibration, peak at 2830cm™ is may be due to
—CH stretching vibration which is very strong. The band at 2361cm™ is may be the —CH stretch of
aryl acid. The peak obtained at 163 Ocm! is the indication of presence of C=0 stretch of an aromatic
ring, while the peak obtained at 1 190cm™! represent C-O stretching vibration (Prasad et al., 2013).
According to the research done for the adsorptive removal of heavy metal ions from industrial
effluents by using activated carbon produced from coconut waste, the presence of C=0 is the
evidence for good adsorption properties associated with adsorbent that can coordinate with heavy
metals. The presence of all the above mentioned functional groups were matched with referenced
paper (Mallikarjuna et al., 2011) which confirmed the successful elimination (adsorption) of heavy

metals by using Se/OP Nano-composite.
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Table 4: FT-IR Spectral peaks, intensity and representative Functional Groups in Non-activated and Activated

Se/OP Nano-composite.

Results and Discussions

;

Peaks Functional Groups | Type of vibration Intensity
3644cm’! O-H (Alcohols) Stretched bonded Strong
2897cm’! C-H (Aldehyde) Stretched bonded Strong
2361cm’! C-H (Aryl acid) Stretched bonded Strong
1642cm’ C=C (Aromatic ring) | Stretched bonded Variable
1075¢m’! C-O ( Ester) Stretched bonded Strong
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Figure 5 (a): FT-IR spectra of Orange peel before activation and (b) Activated orange peel with Se as a
Nanocomposite
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4.1.3. X-Ray Diffraction (XRD)

The XRD analysis was performed to analyze the configuration and composition of activated, non-
activated orange peels and synthesized Selenium nanocomposite. Figure 6 showed the XRD
spectra of Se nanoparticles, activated orange peels with Se as a nanocomposite and non-activated
Orange peels. The XRD graph showed that there is a significant change in the structure before and
after activation i.e. development of sharp peaks. These results showed that activated carbon was

amorphous.

These results were compared with previous research that was done for the adsorption of
chlorophenoxyacetic acid herbicides from water through activated carbon derived from coconut
shell (Kasaoka et al., 1989) from which the idea of using Se/OP as a Nano-composite for
adsorptive removal of heavy metals was raised as it is abundantly present in agricultural countries.
The development of sharp peaks in the resulted spectrum obtained suggested good crystallinity of
Se/OP Nano-composite as according to Ghada and Bahig for effective adsorption crystalline nature

of the adsorbent is an important factor (Ghada and Bahig 2015).
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Figure 6: XRD spectra of Non activated orange peels and activated orange peels with Se as a Nanocomposite
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4.2. Batch Adsorption Experiment

Different batch experiments were performed to examine the removal efficiency (adsorption) of the
Se/OP Nano-composite. Series of batch experiments were conducted for each heavy metal
separately to examine the effect of varying pH, effect of adsorbent dose, initial concentration

(heavy metal), temperature and contact time.
4.2.1. Effect of pH

The pH of waste water is a significant key controlling parameter that governs adsorption of toxic
substances from wastewater because it has the ability to effect concentration of counter ions
present on functional groups of adsorbent as well as on the degree of ionization of adsorbate

throughout the reaction (Nuhoglu et al., 2003).

In this current research study an experiment was conducted a;t two different pH i.e. pH 4 and pH 9
to study the influence of pH on the adsorption of selected heavy metals i.e. Lead and Chromium.
The process of adsorption was rapid in both acidic and basic pH but more in acidic for both Pb and
Cr. The % removal of Cr at 10ppm was best at acidic pH while at 20ppm the %removal was best
at basic pH.

The % removal of Pb was maximum at both acidic and basic pH but increased as the pH
concentration changed from 4 to 9. The increase in %removal with increasing pH may be explained
by the fact that hydrogen ions in the solution reduced and the struggle and competition for metals
and hydrogen ions for active sites of adsorbent also reduces which consequently leads to increase
in metal removal (Gueye et al., 2014). Because of metal precipitation from solution in the form of
H+ for pH values more than 6.0, so it usually leads maximum removal at neutral pH and pH 9
(Taffarel and Rubio, 2009). From present study it is evident that adsorption of Pb and Cr by Se/OP
nano-composite was significantly affected by pH.
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Figure: 7 Removal (%) of 10ppm Cr on OPNC at 5mg and 10mg as a function of pH at variable contact time
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Figure: 8 Removal (%) of 20ppm Cr on OPNC at Smg and10mg as a function of pH at variable contact time

Table: 5 Removal (%) of Lead by Nano-composite at variable pH

10ppm
Time Smg 10mg
pH4 pHY pH4 pH9
Initial contact 68.98 59.89 69.88 59.86
30 79.86 69.23 88.87 73.84
60 88.70 84.90 89.99 86.88
90 98.80 89.61 99.88 98.97
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20ppm
Initial contact 69.44 74.66 74.49 79.43
30 74.10 83.84 84.46 84.42
60 89.25 89.39 85.89 94.74
90 94.93 99.88 96.69 99.99

4.2.2 Effect of Adsorbent Dose

Adsorbent dosage is a key important factor for controlling the availability and accessibility of
adsorption sites (Rafeah et al., 2009). In the current study in order to examine the effect and
consequence of adsorbent dosé, varying doses of adsorbent (Smg and 10mg) were used for both
Pb and Cr. According to the results shown in figure 9 it is evident that as the adsorbent dose
increased the % removal of adsorbate also increased while when both adsorbate concentration and
adsorbent dose increase together, the % removal also increase as shown in figure 10. Hence on the
basis of these results it can be concluded that Se/OP Nano-composite has unique adsorption
capacity because of maximum removal off 99.4% at the dose of 10mg for 20ppm concentration of

adsorbate (Heavy metals).

Gangadhar also studied the influence of adsorbent dose for the adsorption of both Malathion and
Phorate which showed that adsorption capacity was increased as adsorbate concentration increased
(Gangadhar et al., 2016). As the amount of adsorbent increased it will definitely enhances the
number of sites for adsorption and ultimately increase the adsorbent surface area (Sulyman et al.,
2016) which supported the maximum adsorption capacity of Se/OP Nano-composite as

represented below.

Synthesis and characterization of Na2SeO3/orange peel Nanocomposite and its evaluation as an effective
adsorbent for the removal of Heavy Metals from wastewater
Page 29



Chapter 4 Results and Discussions

OPNC5mg at pH 4 OPNC 10mg at pH4

74.495

519
——10pDm =l 20p0

%Adsorption
8

g 1000m =@ 20ppm

10 15.65
1 2 3 4

Time({Min) Time (Min)

Figure: 9 Removal (%) 10ppm and 20ppm Cr on Smg and 10mg OPNC at pH4 as a function of adsorbent
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Figure: 10 Removal (%) 10ppm and 20ppm Cr on Smg and 10mg OPNC at pH9 as a function of adsorbent

dose at variable contact time

Table: 6 Removal of Pb by Nano-composite at variable dose and initial concentration

Smg
Time pH4 pHS
10ppm 20ppm 10ppm 20ppm
Initial contact 58.98 54.40 59.89 59.51
30 69.86 59.12 69.23 68.84
60 88.79 84.25 84.91 80.39
90 99.86 94.43 89.61 89.38
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10mg
Initial contact 69.88 84.49 49.86 79.43
30 88.87 89.46 63.84 84.42
60 89.99 90.89 76.88 94.74
90 97.69 99.88 88.97 98.46

4.2.3. Effect of Temperature

In this present study in order to examine and evaluate the effect of temperature on the efficiency
of adsorption, varied temperature were used i.e. 45° and 60°c for both Pb and Cr at different time
intervals. The results given in figure 12 and table 7 showed that by increasing the temperature the
% removal of metals increases as well. Moreover as the adsorbate concentration and adsorbent
dose increase together, the % removal (adsorption) also increases as shown below. Hence the
optimum dose is 10mg, optimum temperature is 60°c at concentration of 20ppm for both lead and
chromium because of maximum removal of about 98.3% for lead and 95.93% for Chromium. The
results showed that temperature was most effective parameter for heavy metal adsorption. At
higher temperatures the adsorption capacity of OPAC increased may be due to high porosity and
large surface area. This current investigation is compared with previous literature i.e. the dye
removal from aqueous solution using polymer composite films, where the adsorption increased in
the same pattern as mentioned above (Robati et al., 2016). So it can be concluded that OPAC is an
effective and promising material for heavy metal adsorption from wastewater as it is abundantly
available in large amounts. So it is concluded that orange peel waste is very effective, low cost
adsorbent, easily available in large amounts and has maximum removal efficiency due which it
was an effective step to use this waste by doping with nanoparticles to enhance the removal

efficiency in a very less time and also it does not required large infrastructure.
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Figure: 11 Removal (%) of 10ppm Cr on OPNC at Smg and 10mg as a function of Temperature at variable
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Figure: 12 Removal (%) of 20ppm Cr on OPNC at Smg and 10mg as a function of Temperature at variable

contact time

Table: 7 Removal (%) of Lead by Nano-composite at variable temperature

10ppm
Time Smg 10mg
45°¢ 60°c 45°¢ 60°c
Initial contact 36.75 26.79 47.86 46.88
30 49.688 40.69 69.68 57.69
60 66.59 65.48 78.8 63.88
90 89.09 79.058 89.89 71.87
20ppm
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Initial contact 55.64 62.895 63.395 73.395
30 70.545 74.38 75.695 81.44
60 83.395 82.395 87.395 93.73
90 90.145 93.745 95.895 98.395

4.2.4. Effect of Initial Concentration

In this experiment the adsorption study for the removal of Pb and Cr was carried out at initial
concentration of 10ppm and 20ppm to determine the influence of initial concentration on the
efficiency of adsorption (heavy metals i.e. Pb and Cr) using Se/OP Nano-composite. According to
the experimental results given in figure 7, figure 8 and table 5 it is evident that percentage
adsorption increased by decreasing initial concentration. It is also concluded from the given results
that adsorption capacity improved by increasing adsorbent dose along with increase in adsorbate

concentration because of increase in number of adsorbent sites and of the adsorbate particles.

These results were compared with previous research i.e. Gupta, 2015 examined the effect of initial
concentration where the concentration of sorbate was varied over the range of 10-50mh/L in the
presence of 10mg of adsorbent. In this research study it was observed that by increasing the

concentration of sorbate the adsorption efficiency of phenanthrene was increased (Gupta, 2015).

The adsorption capacity also increases by increasing initial concentration (10ppm and 20ppm) of
heavy metals just because of lower ratio of initial number of metal ions to the available surface
area at low concentration and vice versa, therefore the removal of heavy metals depends upon

concentration as well (Bakka et al., 2016).

4.2.5. Effect of Contact Time

The adsorption study was carried out at different parameters (5-10mg adsorbent dose, 10-20ppm
initial metal ion concentration, pH 4-9 at the speed of 100rpm with varying contact time) to

investigate the elimination of selected heavy metals i.c. Pb and Cr from aqueous solution of

synthetic wastewater. Therefore effect of contact time was investigated over the range of 0-90

minutes for both Pb and Cr.
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On the basis of investigated results it is evident that the percentage removal increased by increasing

the contact time that might be due to accessibility of more active sites on the surface of adsorbent.
Hence optimal interaction time for the elimination of both Pb and Cr was observed at 90min
because the contact time was independent of metal ion concentration for the maximum removal

by activated carbon.
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Chapter 5 _ _ Conclusion

5.0. Conclusion

The present study aimed to investigate the adsorption capacity of Se/OP Nano-composite. In this
investigation activated carbon was synthesized from orange peels for the elimination of Pb and Cr
through the process of adsorption. The characteristics of adsorbent can be determined by its

physical and chemical properties.

From batch experiments it is concluded that adsorption capacity can be influenced by various
factors including pH, temperature, and concentration of heavy metals, adsorbent dose, and contact
time. From experimental results it is concluded that activated carbon produced from Orange peels

is an encouraging and favorable adsorbent for the elimination of Pb and Cr.

Orange peels is discarded, inexpensive and abundantly available in agricultural countries, so this
study provides an evidence that Orange peel doped with nano-particles is cost effective and
suitable natural adsorbent for the elimination of pollutants and heavy metals from contaminated

wastewater or effluents.
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Heating of sample mixed with Washing with Distilled water
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