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ABSTRACT

Heavy metal contamination 1s the matter of concern due to 1ts toxic effects on the human bemngs
as well as on the environment The power shortage m developing countries resulted 1n the
increased usage and production of lead-acid batteries as a cheap alternative power source The
informal recycling of used lead-acid batteries resulted in the increased lead mtovication In this
work, Graphene Oxide has been synthesize using modified Hummer's Method and characterize
with the help of instrumental techniques. FT-IR Raman. SFM and 1GA Chitosan/GO
nanocomposites have been prepared and characterized by FTI-IR and BET and adsorption
efficiency towards the removal of lead (Pb) have been investuigated Adsorpuion parameters for
the removal of lead mcluding. effect of contact ume adsorbent dose pH and imitial concentration
have been studted The characterization results showed the successful synthesis of GO from
Graphite as well as the presence of chemical Tinkages among the polymers and GO The batch
adsorption results showed that the opumum ume for the removal of lead for CS/GO-3 and
CS/GO-10 are 120 minutes The opimum salue for pH and adsorbent dose 1s 3 and 10 mg
respectively The removal efficiency for CS.GO-0. (S:GO-3. CS/GO-10 were 69%% 99°, and
97% respectivels  Lhe above results showed that CS,GO-5 and €S GO-10 beads have improved
removal percent as compared to CS/GO-0 beads However the difference in removal percent
among CS/GO-3 and €S GO-10 s not significant The addiion of GO thus improved the
adsorption efficiency for lead and therefore could be the potential candidates of adsorbents for

the remonal of lead from wastewaters

Vi
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Introduction:

Water (s the most valuable natural resource among all others due to its large usage and
importance Fresh. clean and plentiful amount of water serves as the foundations of a prosperous
community Clean water 1s necessary for the survival of mankind About two third of the total
surface of earth 1s covered with water. that includes oceans, glaciers. freshwater lakes. rivers and
streams (Metcalf & Inc, 1991) Water 1s a renewable natural resource but its uncontrolled usage
makes 1t an exhaustible resource. freshwater 1s of great concern because of its large consumpuion
and other 1ssues related to its degradation Dirty water has become a world's biggest health risk,
and affects all types of life on earth (Lee er af , 2005)

Rapid industrialization and man’s quest for comfort has resulted in the advancement of science
and technology This development in industnialization, population expansion and urbamzation,
lead to severe air, water and so1l pollution, affecting the overall environment of the earth in many
different ways (Huang ef al . 2007) The processing of raw materials generates loxic waste
products, harmful effluents and noxious by-products along with the finished goods The toxic
pollutants from these industries ultimately end up 1n our water supplies (Hanaa et af . 2000}
These toxic pollutants from the industries have severely affected the eco-environment and human
life Industnal pollutants includes harmful gases (NO,. SO,. CO. NH;, norganic pollutants
including heavy metals (As. Pb. Hg, Cu, etc), organic pollutants including dyes (Azo-dses),
and vanous bio-toxics (Azeem. 2009) Among these pollutants heavy metals, organic dyes and
bio toxics are moslly discharged untreated mto water streams, and is the source of water
pollution{Niu & Volesky, 2006, Snoeyink, 1990)

Since many years heavy metals have been used In a number of fields Heavy metal
contamination into the water 1s the matter of concern because of the extreme toxic effects of
these metals on the aquatic life. animals and human beings(Smuda e al . 2007) Metals are of
spectal concern mainly because of therr non-biodegradability, persistence  and
broaccumulation(Unagolla & Adikary, 2015) The pollution due to heavy metals have created
ecological crisis Heavy metals are ubiquitous, they occur in soils, water. plants Anthropogenic
activities like mining dumping of untreated industrial waste also a source of mobihzing the
metals into the environment{Duruibe ef af , 2007)

Heavy metals are defined as any metallic element with relauvely high densny (& 4gcm") and
loaic or poisonous even at lower concenirations (Hanaa ef af . 2000) Heavy metal includes lead,

I e ___
S»ynthesis and Charactenzation of Chitosan/Graphene Qxade nanocomposites

for the remoral of lead from lead-acid battery’s water 1
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cadmium. zinc. mercury, arsenic. silver, chromium, copper, 1ron and platinum group elements
Heavy metals are the natural componentss of earth crust mainly they are present in the form of
ores from which they are usually recovered (Duruibe ef al . 2007)

Lead ts a chemical element from carbon famuly, its atomic mass 1s 82 The physical properties of
lead have been listed in table 1 Lead commonly exists m two ovidation states Pb™ and Pb™
The divalent nature 1s relatively more stable in aquatic environment Lead 1s highly tovic and 1s

also a cumulative poison (Jdrup. 2003)

Table 1 Physical and Chemical Properties of Lead

Physical Appearance Bluish-white
Atomic Number 82

Mass Number 207 2 gmol
Melting Point 327°C
Boiling Point 1155°C

Density

Crystalline Structure
Malleabiity
Conductivity
Corrosion

Toxicity

Solubiliry
Flammability

Ondation States

1134 gem™ at 20°C

Face-centered cubic crvstalline structure
Relatively sofl. capable to be bent or shaped
Poor conductor

Resistant to corrosion

Toxie

Pure metal 1s Soluble 1n acids

Non-flammable

Pb (0). Pb (ID. Pb (IV)

Source http//www ncbi nlm mih gov/books/NBK 158769/
Mankind has been using lead for more than 5000 years i various applications including butlding
materials pigments for ceramics. water pipes etc Ancient Romans used lead in the form of lead
acetate to sweeten old wines Presently lead have been exiensively used in many different

industries such as storage- battery industry (G Urel L er al  2003)

e . __________________ _____________ ]

Synthesis and Characterization of C hitosan/Graphene Ovide nanocomposites
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Lead 1s very toxic metal and 1s of great concern mainly because of its persistence According to
ASTDR lead has been recognized as second most hazardous element afier Arsenic (ATSDR.
2010). The permissible limut of lead 1n drinking water according to WHO 1s 10pgL™". while
according to Pak-EPA 0 05mgL”’ (Snoevink. 1990) Lead exposure accounts for "almost 1% of
the global burden of disease. with the highest burden in developing regions (Azeem.
2009} Chromic or acute exposure to even small quantities of Lead leads to severe health problems
e g organ malfunctioning among human beings It 1s a broad-spectrum town affects all
metabolic functions(Hanaa er o/, 2000) It has the tendency to accumulate into the tissues. blood
and even n the bones and stays for many vears Lead accumulates into the tissues of fishes and
other aquatic organisms from water and enters into the food chain{Farooq ef «f . 2008) Lead can
enters mto the human bodies through mhalation, drinking water containing lead or eaung food
contaminated with lead (Mortada er o/ , 2001. WHO, 19953)

Acute exposure of lead can cause encephalopathy. insomnia migrame. rnitability, convulsion and
even coma The chronic effects of exposure to lead are anemia, kidney disorders, nervous
disorders and even death(Steenland, 2000)

The annual worldwide production of lead for the year (2014) was approxtmately 5 4 mullion tons
and it is also rising with expanding technology(Zahra, 2012) The total amount of lead thar has
been extracted 60% of 1t 1s used by storage battery manufacturing mdustnies specifically
automobile battery, remaining of it has been used by paimnt. pigments industry. ceramic glazing.
plastics. ammunition, weights, gasoline additives, solders and many other different
products{Zahra, 2012) Once the battery life 15 ended 1t became a source of pollution

Lead acid batteries are the most common and cheap of all the rechargeable batteries and have
been extensively used as car batteries and until recently their use as alternate source of electricity
in developing countries have also been increased(Bahadir ef al 2007) Lead acid bateries are
composed of lead plates as electrodes that are dipped in the bath of sulphuric acid clectrolyte, the
whole assembly 1s sealed \n polypropylene plastic casing (Bahadir ¢t af . 2007) Lead acid
battertes are rechargeable batteries but successive charging and discharging resulted mn the
lowering the efficiency of batteries due to deterioration of lead plates Once the units are no
longer efficient they are sent to used lead acid batteries (ULAB’s) recyclers During the
recycling operations lead has been reclaimed and 1s sold 1 a market In the deseloping countries

lihe Pakistan the recycling of these batteries 1s a source of income But the practices that are

Syathesis and Characterization of C hitosan/Graphene Ovide nanocomposites
for the removal of lead from lead-acid battery’s water 3
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followed for the recycling are informal and generate lead pollution The plastic seal of batteries
are break open with the help of an axe and battery’s acid which also contain small amount ol
lead are simply dumped into the nearby water streams The lead plates are melted to reclaim
useful lead. the melung operation produces tead ash that enters inte the air People hiving nearby
these recyching facilities are greatly exposed to lead contamination (Khan. 2010, Mohammed ef
al 1996, Roberts 2003) A study from Pakistan has reported that the children of the recyclers
and the other people v ing near these facilities are at a greater rish of overexposure as compared
to other people (Khan, 2010)

The mcreasing demand of pure and fresh water has raised concems for the conservation and
purificauon of polluted water and 0 design and environmental friendly. cheap and efficient
method for the removal of harmful pollutants

The conventional methods used for the removal of lead from waste waters can be broadly
classified into for classes. chemical precipitation. electrolytic recovery adsorption. 1on exchange.
solvent extraction The methods commonly includes are owvidation reduction. 1on exchange,
treatment with hime, reverse osmosis. electrolytic recovery(Fan e af . 2013) The advantages and

disadvantages of these methods have been listed in the table below,

Table 2: Advantages and Disadvantages of Conventional Remonal Techniques

Advantages Disadrantages
Electrodialysis
« Adsorbate 1on removal take place with » Removal of chelated 10ns 15 not
) electricity satisfactory
+ Less number of chemicals » High operational cost
e Generates pure metals e High capnal cost

Chemical precipitation
e (Can be used to remove cffluent metals e (Cannot be used when metals are
o Lesser capital cost present in trace amounts
e (enerates Jarge amount ol tovic sludge
15 produced

o Causes flocculatton and sedimentatton

e ——— e
Synthesis and Charactenzation of Chitosan/Graphene Ovde nranocomposites
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¢ (omplex breaks and adjustment of PH
18 necessary
Ion exchange
Can facilitate adsorption process. Regeneration and fouling
High capital and operational cost
Adsorption
¢ Efficient and economical Needed regencration
» Remove metals and other pollutants
€ven In trace amounts
e Simple process. don’t generate toaic
sludge

¢ Lower operational and capital cost

1.1.Adsorption

Adsorption method 15 a preferred option among all other because 1t is relatively simple. cheap.
and effective even at lower concentrations of metals and it does not generate any toxic sludge
(Musico er af . 2013)
Adsorption is defined as the process of mass transfer in which substance 15 transferred from the
liquid phase to the surface of a solid, and becomes bound either physically or chemically
The substance that 1s being removed 1s termed as adsorbate, and the solid. liquid or a gas phase
which adsorbs 1s termed as adsorbent Adsorption process 1s broadly classified into two types,

1 Physical adsorption

n  Chemical adsorption
In physical adsorption, weak forces of attraction ke dipole interactions, hydrogen bonding and
weak van der waal's forces holds the molecules of adsorbate Physical adsorption has short
equilibrium time and 1t 1s also reversible
In chemical adsorption chemrcal bonds are responsible for holding the adsorbate molecules [If
covalent bond 1s holding the adsorbate atoms/molecules 1t termed as weak chemical adsorption.

and 1f 1t 1s 1onic bond 1t 1s called as strong chemical adsorption It 1s also ireversible

Synthesis and Charactenzanon of Chitosan/Graphene Ovide nanocomposites
for the removal of lead from lead-acid battery’s water 5
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The adsorbate molecules are adsorbed in the surface of adsorbent by several mechanisms. 1on-
pairing (oppositely charged sites). 1on-exchange (replacement of counter ions) hydrophobic
bonding. polarization of electrons or dispersion forces (Hill. 1939)

1.1.1. Adsorption Models:

The measure of adsorbate adsorbed per unit adsorbent mass as a function of the adsorbate
equilibrium 1s expressed by adsorption isotherms The requisite data for the simulauons by
different models are derived from adsorption experiments A known amount of adsorbent 1s
equilibrated with a known concentration and volume of adsorbate The resulting equilibrium

concentration of aliqout 1s calculated by the following mass balance equation.
(Ce—Co) xV
e=——
m

Where Co 1s the oniginal concentration of adsorbate. Ce 1s the equilibrium concentration, m 1s the
mass of adsorbent and V 1s the volume of the solution

1.1.2. Adsorbent:

The choice of suitable adsorbent 1s very important. a good adsorbent 1s cheap and easily
available. show high selectivity and 1s reuseable Surface area. Pore size distribution. surface
chemustry and polanity, shape, size are few of the various parameters used to determine the
adsorption capability of the adsorbent

Vanous norganic materials (charcoal, silica, zeohte. alumina. clay etc) and organic materals
(natural and synthetic polymers) as well as the composite of both (polymer nanocomposites)
have been used for the adsorption process (Kanchana ef af . 2012, Prakash er al . 2012, Zoleikani
etal .201%)

Being hazardous to living organisms. 1t 15 essential to remove the toxic heavy metals from
potable and waste water by eco-friendly methods. before their utyhzation and discharge into the
environment Chitosan 1s a natural polymer. abundantly available and 1s biodegradabie and
biocompatible so 1t 1s the ideal candidate for the removal of toxic pollutants The present study
will use this low-cost biopolymer chitosan obtained from fisheries waste as an efficient
adsorbent for the removal of heavy metal 1ons

The aim of this study 1s the synthesis and characterization of novel adsorbent for the removal of
Pb(11) from lead storage batteries wastewater

The objectives of the present study are

s
Synthesis and Characteruzation of Chitosan/Graphene Oude nanocompostites

for the removal of lead from lead-acid battery s water 6
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o To synthesis of Graphene Oxide
* To synthesize and characterize chitosan/graphene oxide nano-composites

* To evaluate the effect of adsorption parameters (pH.dose rate.ume of adsorption) on the

adsorption of lead from lead-acid bartery’s water

Synthesis and Characterzation of Chitosan/Graphene Ovide nanocomposttes
for the removal of lead from lead-acid battery s water 7
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Human developments since industrial revolution have resulted 1n the severe air water and soil
pollution The uncontrolled discharge of pollutants from industries and urban centers has
deteriorated the eco-environment (Fan er af . 2013) Among all the harmful contaminants heavy
metals are the most toxic ones Heavy metals have hazardous eflects on both aquatic and
terrestrial organisms (Yan ef af, 2012, Fan et al, 2013) Lead has been recognized as a
longstanding environment contaminant among all the various heavy metals Various studies have

reported the tovic effects of lead.

Falk. 2003 investigated about the Childhood lead poisoning and 1ts health effect. the study
revealed that although for vears the maximum use of lead has been phased out however man
sources that can cause lead poisoning are still there such as. flour mills tead-glazed ceramics,

mming and smelting etc

Ayana ef al . 2008 have also studied the lead exposure among the workers in lead acid battery
repair Units of transport service enterprises a case study from Ethiopia The results of the finding
indicated that the average level of Unimary aminolevulimic acid among the workers were
significantly high 1e >16pug/ml

Ahmad et af . 2014 searched about the health effects of lead intoxication among the workers of
lead-acid batteries industry 1n Bangladesh The studies revealed that the informal recycling
methods for the recovery of lead 1s responsible for the unusually high exposure of lead among
the worhkers. the average blood levels were very high The common illnesses among the workers
were headaches colic pams, nausea. hypertension and anemia  All these diseases were
attributable to the high levels of lead exposure

Among the various methods for the removal of lead adsorption 1s the most suitable method
because of 1ts low-cost and 1t does not produce toxic sludge or any other type of secondary
pollution The success of metal removal can be achieved only by the choice of suntable adsorbent
malterial. cheap abundantly available. reusable. non-toxic. biocompatible, biodegradable and
having large surface area Various stydies have been carried out for finding suitable adsorbent.
Gercel & Ierdi 2007 Reported that the Adsorption of lead (I!) 1ons by activated carbon extracted
from plant matenal. Eupliorbia rigida. adsorption kinetics and various other parameters like pH
and temperature have been studied The calculated maximum adsorption capacity (¢} of lead

(1) 1ons was 1 35 v 10" mol g™ or 279 72 mg ¢™' at 40 °C

L ____________ - ______
Synthesis and C haracterization of ( hitosan/Graphene Ovide nanocomposites
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Xu et af . 2008 Uses Oxidized muluwalled carbon nanotubes (MW ( NTs) as sorbent for ihe
removal of Pb(ll} from aqueous solutton Adsorption parameters adsorpion time. pH. 10nic
strength. foretgn 1ons. and oxidized MWCNTS® contents under ambient conditions using batch
techmque have been studied The results indicate that the efficient remoral of Pb (1) from
aqueous solution 1s hmited at pH 7-10
Boudrahem et af . 2011 investigated the efficiency of date tree leaves as a low cost adsorbent for
removal of lead 10ns from aqueous solution Batch experiments were conducted to study the
effects of the main adsorption parameters in detail  The maximum removal of lead(11) 1s found
to be 94 % at pH 5 8. iiual Pb(ll) concentration of 10 mg L™ adsorbent dose of 1 gL
agitation speed of 200 rpm 10nic strength of 0 003 M. and temperature of 25 °C
Azouaou et al . 2013 studied aboul the efficiency of un-treated orange barks as adsorbent for the
removal of Pb™ Batch kinetic and equilibrium experniments were conducted to study the ellects
adsorption paramelters for aqueous solutions of lead The results revealed that the adsorption was
favorable and the maximum adsorption capacity found was equal tol12 36 mgg '
The use of polymer based nano-composite 15 an emerging low cost, efficient and cheap adsorbent
{Zhu & Schmauder. 2003)
2.1 Polymer nano composites:
A composite material 15 defined as “a combination of two or more chemically distinct phases
separated by an interface The properties of composite matenial are unique and different from
that of its parents A composite material consists of a matrix phase (greater proporuen) and a
remforcing phase/filler that 1s present in small quantity (Monve ef of 1999) There are three
ty pes ol composites depending upon the type of matrix that has been used.
Metal matrix composite (metal or metal alloy matriv)

i Ceramic matrin composite (n-organic non metallic material’s mairiy)

it Polymer matrix composite (polymeric matrix)
Polymer nano-composites are composed of a polymeric matrix (natural/ synthetic) and nano-
liller are used as a reinforcing agent (Zhu & Schmauder. 2003)
A number of polymeric nanocomposites have been developed and studied for various

applications(Cho er uf . 2006)

Svnthests and C haracterization of € hitosan/Graphene Ovide nanocomposites
for the remosal of lead from lead-acid battery's water g
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Polysaccharides are natural polymers, monomers of polysaccharides are hnked together with the
help of glycosidase linkage Polysaccharides easily degrade and their degradation products are
non-toxic
Polysaccharides are classified on the basis of their source as

1 Plant derived polysaccharides

1 Marine polysaccharides

i Extracellular matnix polysacchandes

1iv Polysacchandes derved from microbes
2.1.1 Chitin and Chitosan:
Chitin 1s the second most abundant polysaccharide after cellulose obtained from shells of
crustaceans Chitin 1s poly-B-(1. 4)-linked 2-acetamido-2-deoxv-D-glucopyranose Chitosan 1s a
derivative of chitin obtained by deacetylation of chitin When the chitin has degree of
deacetylation (DAA) greater than 50% 1t 1s termed as chitosan (He ef «f . 2015) The structure of

chitin and chitosan has been shown in figure 1

Figure 1 chemical structure of CHITIN and CHITOSAN

Chitosan was first discovered by Rouget 1n 1859, the current annual production of chitosan 1s
estimated to be 3000-10.000 tons It 15 the only cationic polymer, abundantly avaiable. non-
toxic. biodegradable and also biocompatible 1t 1s due to these propertics of chrtosan that 1t has
been used n polymer nano-composites for various applications (Morley er af . 2006) The

various applications of chitosan have been shown in the Figure 2

e e——————  __ ____________ _ _________________ _ __ ___]
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Wastewater
Treatmet Agriculture
Medical (growth promoter)
Food Industry CHITOSAN Drug Delievry
Biotechnology Cosmetics
Healthcare

Figure 2 Applications of CHITOSAN

2.1.1.1 Properties of chitosan:

Chitosan 1n cationic n nature. the amino group protonated in the acidic environment. the
protonation occurs at C-2 position of NH: causing solubilisation of chitosan n acids like HCI.
HNQO; and acetic acid The pKa value of chitosan 1s 1n the range of 6 2-6 §(Rinaudo. 2006)
Chitosan serves as metal chelating agent. amino groups on chitosan chain can reacts/bind all
transition metals from group 3 however 1t cannot bind alkah metals as well as alkaline earth
metals{Unagolla & Adikary. 2015) In acidic environment amtno groups protonated and bind
metals 1ons by 1on-exchange (Unagolla & Adikary. 2013)

Chitosan has an ability (o adsorbs great vanety of metal 1ons including Cu. Pb. Cd. Hg and a
number of dyves as well Various studies have reported the adsorption efficiency of chitosan
derivatives of chitosan and its composites with other bropolymers (cellulose). synthetic polymers
{Polyvinyl alcohol). clays (sepiolite. bentonite). carbon nanotubes. graphene /graphene oxide for
the removal heayvy metals including lead

Kamart er a/. 2009 Studied the adsorption capacities of chitosan and chemically modified
chitosan beads for acid dves The chitosan was chemically modified with ethylene glycol
diglveids | ether (EGDE) and acid dves used were Acid Red 37 (AR 37) and Acid Blue 25 (AB
25) Adsorption/ Desorption parameters have been studied in detail Results indicated that the
cross-linked chitosan beads showed comparativels lower adsorption than without cross-linked

chitosan beads This 1s due (o the reduction of active sites for adsorption as thex were occupied

.
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by the EGDE molecules The desorption study data rew ealed that both cross-linked and uncross-
linked chitosan beads retain their adsorption capability after three cycles of adsorption
desorption Results from FT-IR analysis showed that there 1s a physical interaction between dyes
and chitosan-based adsorbents

Ngah ¢t af . 2010 synthesized. characienzed and studied adsorption abilities of chitosan-
tripolyphosphate beads for Pb (11} and Cu (1) The effects of various adsorption parameters have
been studied in detai]l The maximum adsorption capacities for Pb and Cu were 57 33 and
26 06my/y respectively In binary metal systems the beads were more selective towards Cu over
Pb The thermodynamics parameters showed spontaneous and endothermic in nature |R spectra
were used to explain the mechanism ol adsorption

Prakash et o/ 2012 Investigated the adsorption abilities of chitosan with Nylon 6 membranes for
copper and cadmmuum ions from synthetic industrial wastewater Chitosan and Nylon 6 were
cross-linked using Glutaraldehyde by blending 1t with different ratios of glutaraldehyde. 11 12
and 2 1 The prepared membranes were then used as an adsorbent for the remosal of copper and
cadmium from wastewater The prepared were characterized with the help of IR XRD.
TGA/DTA DSC. and SEM Adsorption parameters. pH. dose rate concentration of heavy metal
solution and contact time had been done The resuits of adsorption parameters showed that the
opumal pH 1s 5 for both the metals and opumum adsorbent dose was 3g/100m] for both metals
kanchana er af . 2012 synthesized nanocomposites of chitosan. methyl cellulose and clay
(kaoline) and enhanced adsorption capacities have been investigated for Pb Glutaraldehyde was
used as a crossiinking agent The prepared composites were characterized using FTIR. DSC
SCM TTIR and DSC confirmed the successful synthesis of nanocomposites and SEM
micrographs explained the surface morphology of the nanocomposnes The effects ol vanious
parameters have been studied 1n detail The results showed that nanocomposttes of chitosan with
haoline are efficient adsorbent compared to chitosan/ methyl cellulose nanocomposites The
optimum ume for adsorption was 300 minutes. optimum adsorbent dose was 6gL ™" and optimum
pH 1s 6 The Freundlich i1sotherm model beis explams the adsorption mechamism The second
order hinetic model best explains adsorption kinetics

Kamal ¢t af 20134 prepared TEOS cross-linked chitosan, PVA composite beads for the removal
of Cu (I} from aqueous solution The chemtcal solubiliny test and the swelling behavior of the

beads were studied 1n acidic media The prepared beads were instrumentally charactenized by

L _________________ __ ________________________ _
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infrared spectroscopy  The resulis showed that the cross-linking not only improves the
mechanical properties and stabihty of the beads but also preserved active adsorption sites on
chitosan  The various adsorption parameters have been studied with the help of barch adsorption
experiment The results mdicated the maximum adsorption capacity was 224 6 mg/g according to
Langmuir 1sotherm for Cu™™ 1ons Experimental data best followed Langmuir and Freundlich
1sotherm models The thermodynamic paramelers suggested endothermic reaction

Bibi er af , 2015 also prepared chitosan/CNT’s nanocomposites and investigated the adsorption
properttes ol the prepared nanocomposites for the removal of poly-aromatic hydrocarbon The
CNT's were y-treated, wradiated 1n air at 100kGy FTIR showed the characterisuc peaks of
functional groups as well changes in the peaks and mntensives SEM micrograph of
chitosan/CNT’s nano-composites showed umiform dispersion of CNT's within the polymer
matrix  The results of swelling behavior 1n water and adsorptive removal of naphthalene of the
nanocomposites showed that addiion of CNT s lowers the swelling ability of the membrancs
while the membranes uptake 87°% of NAPH within first 30 minutes

Hassan ¢t af. 2016 synthesized, characterized and studied the adsorption behavior of
chitosan/Polyvinyl alcohol blends Methyltrnmethoxysilane (MTMS) 1s used to cross-link the two
polymers Removal of textile dyes (nelson red and palatine orange) has been tested The prepared
membranes were characterized using FTIR. various adsorption parameters have been studied

The FTIR spectrum confirms the presence of linkages between the two polymers The maximum
dye removal was 1230mg/g and 935mg/g for palatine orange and nelson red respectively The
kinetic data best fits mn pseudo first order equation while Langmuir 1sotherms best explains the
mechanism of adsorption Thermodynamic studies results suggested that the adsorption process
was spontaneous and endothermic

Azaam e¢f al , 2016 prepared chitosan composites with clay. chitosan/clay composites with Ag
and Au nano-particles The prepared nanocomposites were characterrzed with the help of FTIR,
XRD and SEM Batch adsorpuion methodology was used 1o determine the adsorption capacity of
prepared nanocomposites for Cu (II} Batch adsorpuion studies revealed that the adsorption
capacity have greatly increased due to addition of Au and Ag nano particles compared 1o
chitosan/clay nanocomposites without nano particles The maximum adsorption capacity for Cu
1s 181 5 mg/e

s |
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2.2 Reinforcement:

Renforcements are also called as charge or fillers and in nanocomposites they are in nanoscale
are added mnto the matrix to enhance its mechanical properties and also to lower its cost (Monye
ct al , 1999) Varnous forms of reinforcements have been used n polymer matrin e g exfohated
clays. glass fibers Carbon nanotubes. carbon nanofibers. Graphene ! graphene oxide nano
crystalline metals etc

2.2.1 Graphene oxide:

Graphene 1s the new addition to the fascinaung carbon famuly, graphene was first discovered
isolated and characterized by Andre Geim and Konstanun Novoselov n 2004, and recened
“Nobel Prize” in phystcs 1in 2010 (Yang er ol , 2012)

Graphene s an allotropic form of carbon and 15 considered as a mother element of some of the
allotropes of carbon !t 1s single sheet of carbon atoms (2-D) arranged in the honey-comb [ike

structure (Tana er af . 2013) (Figure 3)

Figure 3 Structure of Graphene (b) Graphene Oxide (a)

Graphene has excellent mechanical properties. 1t 1s the thinnest. strongest and stiffest material in
the world as well 1t 15 a very good conductor of heat and electricity (L er of . 2014) Graphene
shects single atom thick so they have very high surface area and also serves excellent adsorption
properties (Hana et «f . 2011, Lee ¢r af . 2008)

Craphene ovide 1s dervatinve of parent graphene synthesized by the controlled oxidation of
graphite Figure 3(b) Graphene oxide 1s very similar 1o graphene except it contains oxygen-
containing functional groups on 1its surface (Chen ef @/ 2012) The graphene owide 1s prepared
by following one of the following developed method Hummer s. Brodie's or Staudnmeir These

oy gen-conlaining funcuional groups improve their interactions with polar solvents by providing
L ____ ___________ ___ __ ]
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the polar surfaces as well as reactive groups Due to high surface area (greater than CNT s) and
presence of oxygen containing functional groups make it an excellent adsorbent for the removal
heavy metals and dyes

Graphene ouide exhibits excellent adsorption abilities but due to dispersion in liquid media its
apphication 1s hmited for the removal of heavy metals However graphene oxide has very high
mechanical strength has functional groups on the surface so they can be used as reinforcement
{nano-fillers) into the polymer matny (Hana efal 2011)

Fan et al . 2012 synthesized bio-adsorbent made up of magnetic chitosan and graphene owde
(MCGO) for the adsorption of methylene blue The prepared bio-adsorbent were characterized
by Scanming Electron Microscope, IR, X-Ray Diffraction The effect of various adsorption
parameters were also investigated The results showed higher adsorpuon capacities and fast
kmeucs for the removal of Methylene blue Pseudo second order kinetic model best explains
kinetics data and the experimental data followed Langmuir 1sotherms and freundlich 1sotherms
Yu ef af . 2013 synthesized graphene oxide-chitosan aerogels for the removal of Cu 1ons The
chitosan-graphene oxide composites were lyophilized to prepare aerogels and were adopled as an
adsorbent to remove Cu 1ons Results indicated the adsorption capactty of aerogels was 2 54 %
10 mg/g calculated by using Langmuir isotherm model Pseudo second-order model well
describe the Kinetic dara Intraparticle model predicted the mechanism of adsorption was
diffusion Higher Ph values and high temperature favors the adsorption process

Lia et uf . 2014 prepared chitosan/graphene oxide nanocomposites through wet spinning method
and thewr mechanical and dye adsorpuon properttes are been experimented Batch adsorption
experiments were conducted and the effect of adsorptton parameters had been investigated
Experimental results indicated that the addition of 4 wt% loading improve the tensile properties
of fibers Adsorption 1sotherms studies data revealed that Langmuir model best [its to the
experimental results and kmeuc studies data folloned pscudo-second order model
Thermody namics data suggested that the process of adsorption was spontaneous and exothermic
Fan et af . 2013 synthesized magnetic chitosan/graphene oxide through a facile and fast process
and studied the adsorpnion apphcation for metal ons The samples were charactenized using FT-
IR. TEM, VSM and XRD The results of characterization confimmed the successtul preparation
of nanocomposites The SEM and TEM results showed that magnetic chitosan assembled on the

surface of graphene oxide lavers The adsorption ability of magnetic chitosan graphence ovide

e e ——————
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composites had been mvestigated for lead metals The maximum adsorption capacity for lead
was estimated to be 76 94mg/g

L er a/ 2014 reported an easy method for the preparation of PVA/chitosan/Graphene oxide
biocomposite nanofibers by electro-spinning Electron beam irradiation was used to form a
homogenous solution of chitosan from chitosan colloidal gel SEM, Raman spectroscopy was use
lo characternized the prepared nanofibers The results of the FESEM showed the umiform
distribution on nanosheets of graphene oxide The average diameter of the biocomposite
nanofibers decreases with increase in the percentage of graphene oxide Mechanical property
data revealed that the highest tensile strength was 2 78MPa and is 25% higher compare with
nanofibers without graphene oxide

Gedam et al . 2015 investigated the adsorpuion capacity of graphite doped chitosan composites
for lead metal The prepared composites were characterized using following nstrumental
techmiques, X-ray Diffraction, IR and Scanning Electron Microscope Batch adsorption studies
were conducted and various adsorption parameters have been investigated The results of
charactenzations confirmed crystalline structure, wide range of porosity, and the presence of
(=0 and —OH funcuonal groups Adsorption studies showed that adsorption of lead 1s highly
dependent on pH. maximum uptake of lead was 98% at pH value of 6 1g/L 1s the optimum
dosage for adsorption and 120 minutes s the opimum ume Langmuir model best explains the
mechanism of adsorption and pseudo second order 1s the best fitted the Kinetic data

Sheshmanmia ef al . 2015 prepared nano-structured composites of chitosan/FeQOOH/Graphene
ovxide The prepared nanocomposites were characterized by following instrumental techniques.
IR, X-ray Diffraction, and Scanning electron microscope and removal of lead by the
nanocomposites had been investigated T'he results indicated that adsorption process significantly
dependent on these parameters

Ge & Ma, 2015 synthesized chitosan/graphene oxide nanocomposites and 1ts adsorption
propertics for the removal of chromwm 1ons The graphene oxide used was maodified with
triethy lenetetramine and the nano-composite was prepared by using microwave irradiation
method The prepared composites were synthesized using following mstrumental techmques,
FTIR, XRD SEM BET and elemental analysis the results indicated that the prepared composites

have high adsorption capacity for chromium as compared with other conventional adsorbents

e —————————
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available The maximum adsorption capacity was 219 5 mgg™ and the optimum pl1 value was 2
Adsorption process followed pseudo-second-order hinetic model and Langmuir 1sotherm models
Moharram er a/ . 2015 have also prepared and studied adsorption properties of chitosan/graphene
oxide nanocomposites The adsorption properties for lead have been investigated SEM and FT-
IR techniques were used o charactenze the prepared composttes Batch adsorption experiments
were conducted to study different adsorption parameters The SEM mucrographs indicated that
by the addihon of graphene oxide to the cross-linked chitosan the surface morphology has
changed as 1t increases the folding and roughness of the composites The FT-IR spectra further
confirmed the chemical interactions between chitosan and graphene oxide The results of the
adsorption studies were as follows: optimum pH was 3 opumum mitial dose was found to be
02

Zhao et af . 2015 synthesized chitosan/ graphene oxide hydrogels and investigated the adsorption
capacity for dves The hydrogels were prepared via self-assembly of chitosan molecules on
graphene oxide and were charactenized by difterent instrumental characlerization techniques,
Raman spectroscopy. SEM, TEM and XRD The adsorption data indicated the efficient removal
of three dve molecules from aqueous solutions, Congo Red dye. Methylene Blue and Rhodamine
B The dye adsorption capacity of the composite hydrogels mainly attributed to the Graphene
oxide sheets and chitosan serves for the gelation of graphene oxide sheets

Wang er al.. 2015 investigated the adsorption capacities of magnetic ¢vclo-dextnin-graphene
oxide nanocomposites for the removal of malachite green from aqueous solutions The prepared
nanocomposites were characterized with the help of FT-IR. TEM, VSM (vibrating sample
magnetometer) The effect of adsorption parameters like adsorption time, adsorptron
temperature. and pH of solution. adsorption kinetics and 1sotherms were investigated The results
mndicated that the maximum adsorption capacity was 990 10 mg/g at 45°C and the opumum pH
was 7 Desorption studies showed adsorption capacity after five adsorption-desorption cycles
was greater than 80% The kinetic data followed pseudo second order hinetics equattons and
1sotherm data followed l.angmuir adsorption model

2.3 Cross-linking:

Cross-linking took place when the pendant groups or the backbone of polymer chams forms
bonds between different chans of the polymer 1t may be a physical interaction or a chemical

interaction (1onic/ covalent/ secondary mteractions) Different methods and technigues are used

e pe——)
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to cross-link polymer chains different cross-linking agents have been used to cross link polymer

chains in order to improy e its mechanical properties (Xie et al 2010)
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3.1 Chemicals and solvents:

Acetic Acid. Ethanot Trethoxyorthosihicate (TEOS). Vinyltniethosysilane (VTESH). Sodium
Hydroxide (NaOH) Ammonium persulphate, Hydrochloric acid (HCl) and Lead Nitrate
Pb(NOs)., Graphite powder. Sulfuric actd (H.SOy).Potassium permanganate (KMnOj),
Hydrogen peroxide (H20:) All chemicals are of analytical grade Distilled water was used in ail
the preparation

3.2 Polymers:

Chitosan (product number 3646. viscosity 200-799 centipoise degree of deacetylation > 75%
bulk density 0 15-0 30 g/em’® . M, 115000-135000), for mdigenous production of chitosan. crab
shells were obtained from Karachi, Pakistan Polyvinylalcohol (98-99% hydrolyzed . M,
85000-90000)

3.3 Procedure for the synthesis of graphene ovide (GO):

Expanded graphite was prepared from commercial graphite by treating it with known volume of
concentrated HCI diluted with 25ml of distilled water followed by successive washings (o
neutralize 1t Filtered and dried to obtain expanded graphite

Sulphuric acid and phosphoric acid 1n the ration 9 1 were added into the weighed amount of
expanded graphite (Ig) in a flask fined with magnetic stirrer and was stirred on 1ce bath for 30
minutes at 0°C The temperature was continuously monitored as soon as temperature raised from
0-5°C weighed amount of polassium permanganate was added slowly Remove the ice bath and
continued stiming for another half hour, than added 10-15ml of distiiled water continue stirning
for 15-20minutes Scaled the flask and allowed it to botl for 2 hours at 100°C Then added 15m}
of disulled water and 5ml of 30% hydrogen peroxide and allow 1t to sur for 30 more minutes and
decant Then added 20ml of HCI and 60ml of distilled water stired for 30 minutes W ashed
neutrahzed and dried

3.4 Procedure for the preparation of polymer nanocomposites beads (CS/G0-0):

The nano-composites were synthesized by using solution mining method Chitosan was
dissolved 1n 50ml of 2% acetic acid solution in a flask fitted with magnetic stirrer at room
temperature PYA (Polyvinylalcohol) was dissolved separately in 40ml of disulled water at 80°C
under reflux to get a clear solution The dissolved PVA was then added into the chitosan solution
under stirrng at room temperature for half hour Then added 2°% hydrols zed

vinyltriethoexysilane and weighed amount of imtiator dissolved separately in 2ml of distilled
S _ __ ]
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water allowed 1t 10 heat for 2 hours at 80°C After 2 hours of continuous sturing 2°s TEOS
(triethoxyorthosilicate) was added and allowed (o stir for another hour at 45°C and sonicated for
} hour at room 45°C

The beads were prepared by dropping prepared blend nto precipitation bath (10°% solution of
sodium hydroxide) with the help of a syringe and then washed with plenty of distilled water to

neutralize the beads and store 1t 1 air tight glass contamer

Synthesis of chitosan/PVA beads

Dissolved chitosan 1n acetic acid Dissolved PVA n distilled water

\Z

Mix the two solutions

Added hydrolyzed VTES1+KPS Heated for two hours at 70°C

\Z

Added hydroly zed TEOS heated for 4 hours at 45°C under stirring and than sonicated
for one hour

\Z.

Drop 1t into the hardening solution (10% NaOH) with the help of syringe

Figure 4 : Flow-sheet diagram of Synthesis of chitosan/PV A beads

3.5 Procedure for the synthesis of beads with varying amount of graphene ovide (CS/GO-5,
CS/GO-10):

The nano-composite were synthesized by using solution mixing method The weighed amount of
Graphene oxide (0 05g. 0 10g. 0 152) was sonicated m ultrasonic bath for 3 hours to ensure
umiform dispersion of Graphene oxide The sonicated graphene oxide was then added in to the
PV A solution and stirred for one hour and then sonicated for one hour at room temperature Then
added chitosan solution into PV A/Graphene oxide blend and agamn stirred for half hour at room
temperature to cnsure umform mixing of the two polymers Then added 2% hvdrolyzed

viny ltriethoexy sitane (VIES1) and weighed amount (0 02g) of inihator ( Ammonium persulphate)
e —
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dissolved separately in 2ml of distilled water allowed 1t to heat for 2 hours at 80°C After 2 hours
of continuous stirring 2° hydrolvzed tniethoxyorthosilicate (TEOS) was added and allowed to
stic for another hour at 43°C and sonicated for | hour at 45°C The beads were prepared as

mentioned above

Synthesis of chitosan/PVA/GO beads

dissolved chitosan 1n dissolved PVA in distilled Sonicated GO
acetic acid water

S

\/
Mix PVA solution and GO and stir it for an hour and than sonicate

N\

Added chitosan to the PVA/GO blend

Added hydrolyzed VTESI+KPS Healed for two hours at 70°C

N

Added hydrolyzed TEOS heated for 4 hours at 45°C under stirnng and than sonicated
for one hour

\NZ

Drop 1t into the hardening solution {10% NaOH) with the help of syringe

Figure 5 : Flow-sheet diagram of Synthesis of chitosan/PVA/GO beads
3.6 Characterization:

3.6.1 Infrared spectroscopy

The IR spectra of Graphene and beads were recorded on FT-IR spectrophotometetr at room
temperature  FT-IR spectrophotometer model Nicolet 6700. Thermo Electron Corp. and
Waltham, Massachusetts, USA The scanning range was 4000-500 cm™, resolution was 6 0 cm’’

and | 16 number of scans
3.6.2 X-Ray Diffraction:

e __ _ ___ _ ____ ]
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The X-ray diffraction analyses were performed on STOE STADI P power diffractometer at a

scanning range was 2° to 50°
3.6.3 Surface Area Analysis:

Brunaver-Emmett-Teller adsorption/desorption experiments were performed by surface area and
porosity analyzer model Autosorb-IC. Quantachrome for determining pore volume. pore size and
specific surface area of beads The ~60 mg samples were degassed at 70 °C for 60 min All
samples were characterized under N> environment by using BJH isotherm ¢quation to the N-

adsorption 1sotherm
3.6.4 SEM:

Tescan, MIRA:3 ficld emission scanning electron microscope coupled with CDX The samples

were dispersed 1n ethanol before analysis The images wcre analyzed at different magnifications
3.6.5 Thermogravimetric analysis:

I'hermo-gravimetric analysis {TGA)mwere performed using TGA/HT DSC HSS2 from O°C to

I 500°C under nitrogen atmosphere
3.6.6 Raman spectroscopy:

Raman spectra were taken using Renishaw inVia Raman microscope {Diade pump solid DPSS)
at 332 nm green laser The analysis was carried out at room temperature | he scanming range was

from 300 ¢cm™' to 4000 cm”’ under ambient condition
3.7 Batch adsorption studies:

Stock solution (1000mgl. ') of lead nitrate was prepared by dissohving calculated amount of lead
nitrate in distilled water Solution with concentration ranging from 10mgL ' to 500mgL™ was
prepared by diluting the stock solution of 1000mgL ' Batch processes at ambient temperature
(27°C) were carried out for adsorption experniments All the experiments were carried-out 1n
triplicates The concentratton of lead was measured with the help of Flame Atomic Absorption

Spectrophotometer (FAAS) The wavelength was 283 3nm with a sht widih of | 0
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The percentage removal “E” was calculated by difference method as follows,

Co-—Ce

Removal % = x 100

The adsorption capacity for Pb(1l) have been calculated as follows;

_(Ce—Co) xV
€= m

3.7.1 Effect of Time:

Kinetic study was done for the optimuization of time for the adsorption of lead mtrate For kinetic
study same amount of (10 mg) of water swollen beads were taken in 11 different glass vials In
cach of the glass vials 10 ml of 10 mgL™" solution of lead mitrate was added The vials were
shaken for stated time interval (10 munutes to 3 hours) at room temperature The shaking speed
was 140 rpm

3.7.2 Effect of Adsorbent Dose:

The effect of adsorbent dose was studied by varying the amount of beads from 2mgto 20 mg ata

fixed imtial concentration of 20 mgL ™! for 2 hours The rest of the parameters were kept constant
3.7.3 Effect of pH:

The effect of pH was measures by varying pH from 4 to 6 Fixed amount of adsorbent and fixed
concentration of adsorbate were agitated for optimized time at pH vaned 4 to 6 The samples was

collected and analyzed for the amount of lead left by difference method

3.7.4 Effect of Initial Concentration:

For isothermal adsorption experiments fixed amount of adsorbent (beads) were added to the 20
ml solution of adsorbate (lead nitrate), the imitial concentration of the adsorbate was vaned from

10mgL " to 100mgL™"!
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3.8. Statistical Analysis:

All the adsorption parameters were carned out 1n tnplicates and an average and standard error of

the tnplicate has been calculated
3.9. Adsorption of Electrolyte:

o The 100ml of electrolyte was obtained from used lead-acid battery and filtered with the
help of whatmann filter paper no 1 to remove suspended particles The concentration of
lead and pH of the solution was determined

o The pH of electrolyte was determined with the help of reference electrode potentiometer

o The pH of electrolyte was adjusted to the optimuzed pH=4 with the help of 75% solution
of ammoma

o 20mg of adsorbent (CS/GO-10) was added into the 20ml solution of electrolyte and was
agitated for 120 minutes (optimized) at 140 RPM

o The expenment was carried in triplicates

o After 2 hours of agitation the concentration of lead was determined with the help of

FAAS (Flame Atomic Adsorption Spectrophotometer)

“
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4.1. Synthesis of Graphene Oxide:

Graphene oxide has been prepared by multi-step oxidation process of commercial graphite The
graphite was first converted to expanded graphite to facilitate oxidation process Sulphuric acid
was used as an intercalating agent The expanded graphite was further expanded with the help of
9 1 rauo of sulphuric acid and phosphoric acid The slurry was than ouidized with the help of
KMnQ, and temperature 1s controlled by ice-bath becausc 1t is highly exothermic reaction After
oxidation of graphite (o graphite oxide the powdered graphite oxide was dispersed n ultrapure

water to separate single sheets of graphene oxide were by ultrasonic bath (Fan ef of . 2013)
4.2. Characterizations of Graphene Oxide:

4.2.1 Infrared Spectroscopy:

The FTIR spectra are the infrared absorption/emission spectrum of IR active compound that can
be employed for both the quantitative as well as qualitative analysis of unknown minture The
FTIR analysis of Graphene oxide was performed to determine the newly added functional groups
after oxidation of graphite to graphene oxtde Figure 6 showed the FTIR spectra of GO. the
spectra showed charactenistic peaks for the carboxyl C=0 (1713 e¢m™} aromauc C=C (1614

cm ™). alkoay C—O (1028 cm ™). and hydroxy1 -OH (3121 em™) groups

The presence of above menuoned peaks 15 consistent with the previously reported literature
(Paulchamy er af . 2015 and Song. 2014) confirming the successful oxtdation of graphite to

Graphene ovide
4.2.2 RAMAN Spectroscopy :

Raman spectroscopy 1s an active tool for the characterization of carbonaceous materials The
common charactenistic peaks. D band 1200 cm™ to 1430 cm™' (disorder induced band) and G-
band 1500 to 1600 cm™' (graphite band) were corresponded to sp3 carbon atoms of the defect
structure and sp2-hvbridized carbon atoms from the aromatic structures respectively (Bibi e af .
2015) The Raman spectra of graphenc oxide showed D-band at 1346 cm™ and G band at 1603
cm™ as shown in the figure 7 Houbner er «f . reported that the presence of D band at 1350 cm™
and G band at 1583 cm™ that has been shifted from 1580 cm™ (G band) and 1350 cm™ (D
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band) of pristine graphite Raman spectra There was also sigmficant increase mn the intensity of

D and G bands from D/G ratio of 0 44 in Graphite to 1 38 in GO
4.2.3 Thermo Gravimetric Anahsis (TGA):

TGA analysis was performed (o test the thermal stabthity of Graphene ovide Result has been
shown n Figure 8 The weight loss occurred in three stages In the First stage, a roughly 5%
welght loss occurred at the temperature of 100°C. primarily due to the loss of water molecules in
the grapheme oxide During the second stage the thermal decomposition of instable oxygen-
contaming functional groups occurred and there was roughly 20% weight loss. occurning at a
temperaturc of 230°C Finally, 80% weight loss occurred at 850°C was mainly due to the
combustion of the carbon skeleton The analysis results clearly indicated the excellent thermal
stability of Graphene oxide Song et a/. 2014 reported thermal stabiluy of GO under nitrogen
envirenment and showed the similar three step weight loss at 100°C (loss of water molecules),
225°C (decomposition of oxygen contamning functional groups) and 620°C (Combustion of
Carbon skeleten)

4.2.4 Scanning Electron Microscope:

Scanning Electron Microscopy 1s also another powerful tool to determine the structure and
morphology of nanomatenals The SEM micrographs of synthesized graphene oxide has been
shown n the figure 10 The SEM micrographs clearly showed very thin sheets of graphene ovide
with smooth surfaces The FTIR data has already confirmed that the carbon layers of the graphite
has been successfully onidized The inter-planar spacing between the layers carbon atoms n
graphite have increased due to the implantation of oxyvgen containing functional groups on both
sides of the graphite sheets, which reduces the inter-sheet van der waal’s forces The somication
further separated these already expanded structures resulting n the synthesis of Graphene ovide

(Liaetal . 2014)
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4.3 Synthesis of Nanocomposite beads:

The nanocomposite beads with and without GO were prepared as menuon n the procedure The
ultrasonic bath was used to ensure the uniform dispersion of GO among the polymer matrin The
results of FTIR discussed below confirmed the presence of chemical interaction between the
chitosan and GO Figure 14 below showed the figurative sllustration of composition of €S GO-35

nanocomposite beads

Fig. 11: Figuratine dlustration of Composition of beads
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4.4. Characterization of Nanocomposites:

4.4.1 Infrared Spectroscopy

The FTIR analysis was performed (o inyvestigate the structures. the presence of various functonal
groups and the type of interactions between different components of the nanocomposites Fig |1

showed the FTIR spectra of pristine chitosan. the FTIR spectra of chitosan shows all
charactenistic peaks that were already reported in the previous hierature 1 ¢ A broad peak at 3290
cm ' of O-H of hydroxy! group N-H symmetric vibration stretching. significant peak at 2878
cm ' attributed to the C-H stretching vibrations Two sharp peaks characteristic peak at 1647
cm™ and 1585 cm™ carbonyl stretching of amide 1 (NHCO) and NH bending of amide 11 group

A Short peak at 1378 cm™' and 1437 ecm™ 1s charactenistic peak for CH- bending Sharp peaks at
1160 cm™ 1028 cm ' and 936 cm™' 15 for ant-symmetric stretching of C-O-C linkage of

chitosan monomers and C-O stretching vibration respectively (Burrows ef of 2007, Kamal

Yasin. Remertb ef af . 2016)

[TIR specira of chitosan/PVA blend after adding graphene ovide have been shown in Fig 12
The spectrum showed all characteristc peaks with a slight shift, the amide Il peak at 1568 ¢cm ™
took blue shift to 1573 cm™ and 1578 em™’ after adding 5% and 10° graphene oxide added
respectively and the absence of carbony! stretching peak of COOH in graphene oxide suggested
that there may be some interactions between carboxyl group of graphene and NH: group of
primary amines. transforming primary amines 1o secondary amines The C-N stretching peak
shifted to lower intensity due to the reduction n the electron cloud of (-N bond because of the
conjugative effect of graphene ovide The peak shifting and or broadening of the following

peaks The broadening of OH and N-H peaks after the addition of graphene ovide 15 because of
the hydrogen bonding (Kumara & koha 2014)

These changes in the characteristic peaks of the composites with and without graphene ovide

indicate the interaction between chitosan and graphene oxide
4.4.2. Surface Arca Analhysis

BET analysis was performed to check the overall surface area of the beads as well as the pore

size 1he surface area of chitosan/GO beads with 3% and 10° dosage of GO was calculated
L e————————— ________ _____ ]
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according to BJI isotherm model was 113 516 m*/g and 86 822 m* g respectinely The pore size
and average pore size distribution has estimated by BJH 1sotherm was 59 5733 nm and 74 5608
nm respectively which indicated that the chitosan/GO beads are macroporus Fan ef af . 2013
have reported the BJH surface area of 382 Sm~/gat the loading rate of 0 1¢ of GO The reduction
n the surface area and increase in pore size by the increasing the loading of GO might be due 10
the agglomeration of Graphene sheets Kamal ¢f «f 2014 have reported BET surface area for
CS/PVA beads were very small (0 2-0 Sm/g) However the addition of GO 10 CS,PVA blends
have increased the surface area of the beads as shown in the results mentioned above The

increased surface area 1s responsible for the improved adsorption hinctics

e ———  _____  _____________________ -
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Fig 12 FTIR spectrum of Pristine Fig 13 Comparison of FTIR spectra of
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Fig 14 Photographic images of Beads

4.5. ADSORPTION PARAMETERS:

4.5.1. Effect of Contact Time

Contact Time 1s one of the very important parameter as it determines the kinetics of the reaction

by optimizing time required to reach the equilibnium A short optimum ume means fast hinetics
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and vice versa Fig 15- a showed the effect of ime of contact between adsorbent and adsorbate
It1s quite clear from the figure that increase in the contact time increases the adsorption capacity
‘removal percent of lead metal However the change in adsorption capacity/ remosal percent 1s
significant within first 60 minutes of agitation After 60 minutes the change 1s not very
significant and ulimately equilibrium 1s achieved after about 120 minutes of agitarion So the

optimum contact time for the adsorption of Ph** appears to b 120 minutes

The adsorption of lead occurs following two steps firstly the transfer of metal 10ns on to the
surface of beads and then the attachment of metal 1ons on to active adsorption sites During first
60 minutes of contact time a number of adsorption sites are avatlable for binding Pb™ After 60
minutes due to gradual decrease of binding sttes the rate of adsorption also decreases

Moharram ef al . 2015 have reported that the equilibrium time for adsorption of lead on to
CS/GO beads was 300 minutes however the overall trend for adsorption was similar as there was

an rapid adsorption initially and decreases gradually until equilibrium 1s reached

4.5.2. Effect of pH

The effect of pH 1s one of the most iImportant parameter as it affects the overall chemistny of the
adsorbent as well as adsorbate Chitosan usually dissolves at lower pH (acidic) value due to the
protonation of NH group The prepared beads were stable at pH value of 4 but pH value less
than 4 results m the dissolution of beads and according to the pourba diagram for lead. Pb*™ 1s
present in the form of lead hydroxide Pb(OH): at higher pH which readily preciprtates so pH >4
&<6 were selected to study the effect of pH on the adsorption of lead (Yu er af . 2013) The
cffect of pH have been shown in Fig 15-b the removal percemage increases with increase in pH
value from 4 to 5 however significantly large removal percent pH 6 might be attributed to the
partial adsorption and partial precipitation of lead in the form of lead hydroxide The trend 1s
similar for all composittons The relatively low percent removal at lower pH value of 4 may be
due to the competition of Pb 1ons and H™ 10ns have increased and vacancy for the adsorption of
Pb was reduced However increase in the pH value from 4 1o 3 resulted in the increase of percent
removal of Iead due to the increase in the number of vacancies for Pb So the pH value of 3 15

selected as the optimum pH for the adsorption of lead Moharram er af . 2015 have also reported

e —
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that the opumum value of pH for the adsorption of lead on Chitosan based adsorbents 1s 3

(Moharram er af . 2013)
4.5.3. Effect of Adsorbent dose

Lffect of adsorbent dose has been mvestigated by varymg the amount of adsorbent keeping rest
of the parameters (pH. time and 1nitial concentration) constant The fig 15- ¢ showed the effect
of vary ing adsorbent dose on the adsorption of Pb™> The adsorbent dose was varied from 2mg (o
20 my the figure showed that there 1s an increase 1n the percent removal of Pb™ with increase 1n
the amount of beads from 2mg to 10mg however the increase has become nsignificant after
increase of adsorbent weight 10mg to 20mg Similar trend 1s observed in all of the compositions
(CS/GO-0, CS/0-5. CS/GO-10) The increase 1n the removal percent s attnbuted to the increase
in the number of binding sites by the addition of more adsorbent At a certain amount since there
1s no further mcrease even with increasing amount of adsorbent because of the followng tvo
possible reasons (1) Increase in the un-saturation sites {n) Particle aggregation resulting n the
decrease 1n the total surface area and reduces adsorption capacity kamal et af, 2014 and
Moharram ef «f. 2015 have also reported that increase in the weight of adsorbent nitially
Increases the adsorption of Pb However further increase reduces the adsorption due to the

agglomeration of adsorbents (Jin & Bai. 2002. Kamal. Yasin Reinert eral, 2016)
4 5.4. Effect of Initial Concentration

The adsorption efficiency for CS/GO nano-composites have been investigated for Pb by varying
the amount of imtial concentration of adsorbate Fig 15-d showed the effect of nitial
concentration of adsorbate on the removal percent of lead The concentration of lead was varied
from 1010 100mgL" As the figure showed with initial rise n the concentration of adsorbate the
adsorption capacity also increases however for CS$/GO-0 the equilibrium is reached at 50 mgL ™'
of lead nitrate while for CS$/GO-5 and CS/GO-10 the adsorption capacity reaches 56mg/g and
6Img/g at 100mg L of Pb'" concentration respectively and equitibrium 1s not reached at
100mgl . the above mentioned results clearly showed that addition of GO enhances the
adsorption capacity of the beads for Pb and increase in the amount of GO from 5% - 10°, also
improves the adsorption capacity but the tncrease 1s not very significant (Fan er af . 2013 . Zhao

efal 2015)
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Fig. 15: Vanous Adsorption Paramelers for the remon al of lead

4.6. ASORPTION OF ELECTROLYTE:

L he electrolyte samples obtatned from used lead-acid battery was first analyzed for the amount
of lead The amount of lead present in the electrolyvte has been shown 1n the table 3 The amount
of lead in all the three samples were <2 mgL ™ which 15 also greater that the permissible levels of
lead according to Pak-LPA and WHO standards However after the adsorption of lead through
CS/GO-10 nanocomposites using optimized parameters, the level of lead n the electrolyte 1s
almost zero The above results clearly showed the efficiency of nanocomposites for the removal

ol lead on the real-trime samples The detailed results have been shown in table 3

L e ]
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Table 3: Comparison of concentration of lead before and after adsorption of electroh te

8. No pH of electrolyte Concentration of lead (mgL.™) Permissible limit of lead
L (Pb) mgL"'
Initial Final pH | Before After
, pH Adsorption | Adsorption
| <] 35 234 000 Pak-EPA | 005
2 <] 33 200 000 WHO 001
"3 <1 35 228 000 US-EPA [ 005 T
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CONCLUSION

Heavy metal contamination 1s a worldwide problem and there 1s need of effictent cost effective
and eco-friendly method for the removal of heavy metals The power shortage n developing
countries resulted in the enormous addition of lead acid battery waste resulting in an increased
lead contamination

In the present study a novel. cheap and green adsorbents have been prepared for the removal of
lead from wastewater The adsorbents were prepared from fisheries waste chitosan and was
modified with the help of GO Both products are biocompatible and non-toxic  The
characterization of GO and beads confirmed the successful sinthesis of GO and CS/GO
nanocomposites The optimum time for adsorption was found to be |20 minutes the opumum pl|
value was 3 The optimum weight of adsorbent was found to be 10 mg The removal efficiency
was found to be 69%. 99% and 96°% for C5/GO-0. CS/GO-5 and €5/GO-10 respectively The
efficiency of nanocomposites was also nvestigated for real-time samples (electrolvte of used
lead-acid batters) and 1s able to remove lead completely

I'he above findings of the research are encouraging and CS/GO can be a potential adsorbent
towards the remosval of lead

The loading rate of GO can be further increased to enhance the stability of the beads in acidic
media

The adsorption cfficiency of the beads can be checked for other heavy metals ke Cu Cr etc to
determine the specificity of the adsorbent towards metals

lhe reuseability of the adsorbent can be determined by desorption studres

3y nthesis and Characterization of Chitosan/Graphene Oude nanccomposites
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