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ABSTRACT

Heav) metal contsmrnaqon ts lhc matter ol'concern duc to rls 1()\tc cffects on the human betngs

as $ell as on the envtronment The po\cr shortage rn developlng Lount es resulted ln the

lncre,tsed usaqe and productlon ol lead-actd batterres as a cheap altcrnattvc po\\er source lhe

rnformal rec)clrng ofused Iead-actd balrenes resulted tn the tncrcascd lead tnto\lcalton In thls

rrork. (iraphene Orrdc has been srnthcsrze uslnq modtllcd Hummcas Nlethod and characterrze

\\rth the hclp of rnstrumental techntques. FT-lR Rarnan. SFNI and ICA Chttosarvco

nanocomposrtes hare been prcpared and characterrzed br' I I_-lR and BET and adsorptron

efficrenc\ to$ards thc remolal oflcad (Pb) ha\e bccn tnvestlgared Adsorptlon paramcteas tbr

the remolal ofleadrncludrng.elfectofcontrctUme adsorbent dose pllnnd tnthalconcentrarron

ha\c been studted The charactenzatlon rcsults sho\ed thc successlul s]nrhests ol CO from

Graphrte as r\ell as rhe presencc ofchemtcal lrnlages antong rhe pollmers and CO I_hc batch

adsorptron rcsuhs sho$ed that the oplrmum Ume for the remo\al of lead tbr CS/GO-5 and

CSrC0-10 are ll0 mtnutes Ihc opttmum raluc tbr pH and ad\orbenr rJose rs 5 and l0 rng

respectr\el\ Ihc remoral efficrcnc\ lbr CS,CO-o. (S,CO-5. CS/GO-10 \\ere 6900 99oo,rnd

97oi, respecttrely lhc abore results shor\ed that CS,GO-5 and CS (;O-10 beads ha\e rmpro\ed

remolal percent as comprred Io CS/GO-o beads Horrcrcr lhe dtffercncc rn remo\al percent

among (S/GO-5 and CSGO-10 ts nol srsnrficanl The addrrron ol CO rhus rmpro\ed fie
adsorptron efficrenc\ for lead and lherefore could bc thc potcntral candldales o[.rdsorbcnts t'or

the remoral of lead from \csre\a1ers
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INTRODIJCTION Chapter I

Introduction:

Waler ls thc most valuable natural resource among sll others due to tts large usage rnd

rmportance Fresh. clean and plentrfr.rl amount ofrvater senes as rhe fbundalrons ofa prosperous

communrt) Clean \\,aler rs necessarv for the surutval of manhnd About two thlrd of the total

surface ofeanh rs co!ered \\tth \\ater. that includcs oceans. glacrers. fresh*ater lakes. nrers and

streams (Metcalf & Inc. l99l) Water ts a renervable natural resource but tts uncontrolled usage

makes rt an ehhausttblc resource. fresh$ater ts of great concem because of rts large consumptron

and other rssues relatcd to its degradatton Dlrty t\ater has become a \\orld's btggest health rrsL,

and alTects all types of life on ca(h (Lee e/ ,//. 1005)

Raprd industrralzatron and man's quest for comfort has resulted rn the advancemcnt of screncc

and lechnolo-qy This development in rndustnalzatron. population crpansion and urbanlzatlon.

lead to sercrc arr, rrater and sotl pollutton, affecting the overall enrtronment ofthe eaflh in man)

drffercnt Nays (Hran9 el al .2007) The processrng of raw matedals genemtes toxrc \\asle

products. harmful emuents and no\rous by-prducts along wrth the fintshed goods The torrc

pollulants from thesc rnduslrics ultlmately end up rn our \\ater supplres (Hanaa et ol .2000)

These loxrc pollutants from the indust cs have sc!crely affecled the eco-envtronment and human

life Industrral pollutanls includes harmful gases (NO.. SO.. CO. NHrr rnorganrc pollutants

includrng hcav)'metals (As. Pb. Hg. Cu. etc), organrc pollutants rncludrng dles (Azo-dles).

and vanous bro-to\rcs (Azeem. 2009) Among lhese pollutants heav)' metals. organrc dles and

bro lo\lcs are mostl) drscharged untrcated lnto \\,ater stre,lrns. and ls the source of Nstcr

pollutron(Nru & Volcsky. 2006. Snoeyrnk. 1990)

Slnce man) )ears heav-v mctals halc been uscd ln a numbcr of fields Hea\) mctal

contamrnatron mto the water rs the matlcr of concern because of lhe e\tteme to\lc cffects ol
these metals on the aquatrc L[e. anrmal,s and human beings(Smuda et al - 2001) Nletals ar(r of

speoal concem marnly becausc of therr non-brodegradabr lrq. perststence and

bloaccumulation(Unagolla & Adrkar). 2015) Thc pollutron due to hea\"r mekls ha\e created

ecologrcal crisrs Heav) metals are ubrqurtous. the) occur rn solls. $ater. plcnts Anthropogcnrc

actl\rlres lrke mining dumprng ol untrcated rndustrial \\astc also a source ol mobtlrztng the

metals rnto the environment(Dururbe e1dl . 2007)

Heavy metals are defined:rs an\ metalLc element \!ith relalrvelt hrgh densn) (>.lccml) and

to\rc or porsonous eYcn at lo$er concentrations (Hanaa cI (J/. 2000) lJe.r!) metal lncludes lead.

SlDlhcsrs )trd Ch.rz(t.nz.lioo otChrtosrn/G]rph.n. Orrd. n.nocooposx.s
for th. r.mor rl of l..d frcm lc)d-r(rd batt n's $ rt.r



INTRODUCTION

cadmrum. zrnc. mercur). arsenrc. stlver. chtromrum. copper. tron and pl,rttnum group elements

Hea!\ metals are the natural componentss ofearlh crust mainl) the\ are present rn the form of
orcs from whrch thev are usuallv recovcred (Durutbe er a1 . 100?)

Lead rs a chemrcal element from carbon famrly, tls atomic mass ls 82 The phlstcalprope(res of
lead hare been ltstcd rn table I Lead commonl) e\ists rn t\\o oridatron states pb*l and pb_l

The dr\alent nature rs relattleh morc stable ln aquattc enlronment L.ad ts htghl! to\rc and ls

also a cumulatrve porson (Jdrup. 2003)

Teblc I Phlsrcal and Chcmlcal Propentes ofLead

Physrcal Appearance

Atomlc Numbei

Mass Number

Melhng Pornt

Borling Pornt

Densrt)

Crlstalllne Structure

IUalleab,lrt)

Conductrvrty

Corrosron

Tor.rcrtl

Solubrlrr)

Flammabrlrt)'

O\ldatron States

Blursh-\\hrtc

82

207 2 gmol I

i2'1"C

I t55 "C

II34gcmiat20"C

Face-centered cubrc crvstalllne structure

Rclati\el) soft. capable to be bent or shaped

Poor conductor

Reslstant to corroston

Touc

Purc metal rs Soluble tn actds

Non-flammable

Pb (0). Pb (rr). Pb (rv)

Source http //$ w1v ncbr nlm nrh gov/booksN BK 158769/

Manklnd has been usrng lead for more than 5000 lcars rn tarrous appltcatlons

materrals prgments for ceramrcs. \\ater ptpes etc Anclent Romans used lead

acetate to s\\eeten old \\tnes Presentl) lead have becn e\tenstvel) used

industfles such as storage- bafter) rndustr) (G Urel L ct al 2005)

rncludlng burldlns

rn the form ol lead

rn manv d r fferent

Stnth.s6 ind ( harct.rrz.trcr of( hrtosidGr.phco. Oudc D.nocomposrt.s
for th. r.morrl ofl.rd tron l.rd.rcrd baii.n's s.t.r



INTRODUCTION Chaptcr 1

Lead rs rcrl toxrc metal and rs ofexeat conccm marnlv because of rts persrstence Accordtng to

ASTDR lead has been recognzed as sccond most hazardous element after A6enlc (ATSDR-

2010). The permlssrble hmrt of lead rn dnnklng Nater accordrng to \lllO rs l0pgl'. $hile

accordlng to Pat-EPA 0 05mgl-' (Snoe] inl. 1990) Lead crposure accounts for .almost 
10% of

the global burden of dlsease. $lth the hrghesr burden rn dereloprng re8rons"( zeem.

2009) Chronrc or acute e\posure to even small quantrtres of Lcad leads to scrcre health problems

eg organ malfuncttontng among human beings It ts a broad-spectrum to\tn affects all

metabolrc functtons( H anaa el al ,1000\ [t has the lendenc] to accumulate tnto the ttssues. blood

and even rn the bones and stals for man) vecrs Lead accumulates lnto the ttssues offishes and

othcr aquatrc organisms from rr'ater and enters tnto thc food chatn(Farooq cl a/. 2008) Lead can

enlers uto thc human bodrcs through mhalatton. dnnktng \ater contarntng lead or eatrng food

contamrnatcd \!rth lead (Monada et al ,2001. WHO. 1995)

Acute e\posurc of Iead can cause encephalopathy. insomnla mtgramc. rrntabtlttv. con!ulston and

even coma The chronic effects of exposure to lead are anemra. kidney drsorders. nervous

drsorders and eren death(Stccnland. 2000)

The annual Trorldwrde produchon oflead for the )car (201.1) r\as appro\rmatel) 5-l mlllton tons

and rt is also .tsrng wrrh e\panding technolog)(Zahra, 2012) The total amount of lead thar has

been extracted 60% of rt rs used b1 storagc baflcn manufactuflng rndustfles spectficalh

automobrle battery, remarning of rt has been used b) patnl ptgments tnduslr). ceramtc glazlng.

plastlcs. ammunition. \\etghts. gasoltnc addtllvcs. solders and many other dtflerent

produc ts( Zahra. 20 I 2) Once the baftery llfc rscndcd lt became a source olpollution

Lcad acrd bafte es are thc most common and cheap of all the rechargeable battenes and have

been ertensrvcly used as car batterres and unttl recenll) rhatr use as altemate source ofelcctncltt

rn developing countfles have also been I ncreased( Bahad r et ol 2007\ Lead actd bafterres are

composcd of lead plales as clect.odes that are drpped rn rhe bath ofsulphuflc actd elcctrollte. rhe

[hole assembl] rs sealed rn polypropllene plastrc casrng (Bahadrr c,/ a/.2007) Lead acrd

battenes are rechargeable battenes but successtve charglng and drschargrng resulted rn The

lo\\eflng the effictenc), of batteles due to dctcfloratton of lead plates Oncc the untts aae no

longer etliclcnt the) arc sent to used lead actd batteries (ULAB'S) rec),clcrs During the

recycling operattons lead has been reclatmed and ts sold tn a market In the de\eloprng countfles

llle Pakrstan the reclc|ng of these battefles ts a source of tncome But thc practlccs that are

-

Slnl[68 .Dd ( hrncl.rratron of( hrtosn/Greph.n. O\rd. ,.ro.omposf.s
for ih. Emo\rl ofl.rd fmm l.rd.rcrd battcrl,s $.t.r 3



INTRODUCTION Chapt€r 1

follo\\ed for the rec)clrng are rnlormal and generate lead pollutron lhe plasllc seal ofbaltefles

are breal open \\rth lhe help of an a\c and batlco's acrd \hrch also contarn small amount of

lead are srmpl) dumped rnto the ncarb]' Natcr streams The lead plates are melted 10 reclarm

useful lead. lhe meltrn_q operatron produces lcad ash lhat entcrs rnlo the arr People lr!rng nearb)

thesc rec)clrng facrlrlres are greatl) e\posed to lead contamrnatron (Khcn. 2010. luohammed e/

a1 1996. Robens 2003) A stud) from Palrstan has reponcd that the chrldren oflhe rec]clers

and the olher people lrr rng near these facrlrtres arc at a greatcr flsl of olererposure as compared

to orher pcoplc (Khan.20l0)

Thc rncrcasing demand ofpurc and fresh \\ater has rarsed concems lor the conservatron and

punllcatron of polluted satcr and to desrgn and en\'rronmental fnendl). chcap and cfficrcnt

method for the remo\al ofharmful pollutants

I_he conventronal mcthods uscd lor the removal of lead from \\aste \\ale6 can be broadll

classified rnto lor classes. chcmrcalprccrprtatron. clectrolllrc reco\er\ adsorp(ron. ron e\change.

sollent e\trachon The melhods commonly rncludes are o\rdalron reductron. ron c\change.

treatment \\rth lrme. rcversc osmosrs. electrolltrc reco\ery(Fan e/ a/. l0l3) The advantages and

drsad\antages ofthese methods ha!e bcen lrsted rn lhc table belo\\.

Trblc 2: Advanlages and Dlsad!antages ofConventronal Remo\al Technrques

Advantagas Drsadrrntrgcs

Elcctldi.b/ri
. \dsorbale lon remoral lake place \\rth

- eleclflc(\

. l-css number ofchemrcals

. Cencrales pure metals

Chclricrl pEaipitrtion

. Can bc used to remore cfTluent metals

. l-esser caprtal cosl

Rcmolal of chelated rons rs nol

salrsfactor)

Hrgh opcrallonal cost

Hrgh caprtalcost

. Cannot bc used \hen metals are

presenl rn lrace amounls

. Cenerates larqe amount o[torrc sludge

rs produced

r Causes flocculatron and sedrmentatron

llnth.sr.nd ( herrcl.n22tron of Chrtosrr/Crrph.r. Oud. nrnocompo$l.s
for ih. r.moral oflcrd fmm l.rd-rcrd b.llcn \ $.t.r
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. Comple\ breaks and adlustment of PH

1S necessar)

Ioo crcbrngc

Can facrlrtare adsorplron process. Reseneratton and foullng

Hrgh caprtal and operatronalcost

Adlorptiotr

o Efficient and economrcal Nccdcd regencratron

. Remove metals and othcr pollutants

even rn trace amounts

. Srmple process. don't generatc to\rc

sludge

. Lo\\er operattonal and capttal cost

l.l.Adsorption

Adsorptron method rs a preferred optton among all other because tt ls relatlvcl! stmple. chcap.

and effcctrle even a! lo\\cr conccntmtrons of metals and lt does not gmemte anv toxrc sludge

(Musrco er a/.2013)

Adsorptron is defincd as the proccss of mass transfer tn $htch substance ls lransfemed from the

LqurdphasetothcsurfaccofasoLd.andbecomesboundeirherph)stcall)orchcmrcall]

The substance that rs bemg removed ts termed as adsorbate. and the solrd. ltqutd or a gas phase

\hrch adsorbs rs lcrmed as adsoibent Adsorptton process ls broadly classrfied tnto h\o t)pes.

r Ph) srcal adsorption

r Chemicaladsorptron

In physrcal adsorptron. \\eak forces ofaftraction ltkc dtpole lnlerncttons. h;-drogcn bondrng and

\\eak \an der \aal s forccs holds the molecules of adsorbatc Ph\stcal adsorpllon has shon

equrlrbflum Ime and l! ls also reverslble

ln chcmrcal adsorptton chemrcal bonds are responstble for holdtng thc adsorbatc molecules If
covalent bond rs holdrng the adsorbate atomVmolecules lt termcd as \\eal chemrcal adsorptron.

and rf rt rs ronlc bond rt rs called as slronq chemlcal adsorptton It ts also lrreverstble

Srnlh.sB rtrd Chrr.ct.nahon otChnos.n/Grrph.n. Oud. nrnocomposrt.s
tor thc r.mvrl otl..d frcm l.td-rcrd birt.n\ s:rr.r
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The adsorbate moleculcs arc adsorbed rn the surface ofadsorbenl b) se\cral mechanisms. lon_

parnng (opposrtel! charged srtes). ron-e\change (rePlacement of counter lons) hldrophobrc

bondrng. polarrzatton oleleclrons or drspersron forces (Hrll. 1959)

l.l.l. Adsorption Mod.ls:

The measure of cdsorbalc adsorbcd per unit adsorbent mass as a lunctron of the adsorbale

equr|brrum rs c\presscd by' adsorptron rsothcrms The requlsrte dala for the srmulatrons b}

drfferent models are denved from adsorptton e\perrments A kno\!n amount o[ adsorbenl ls

equ'librated wth a knoNn concentratron and lolume of adsorbate The resultrng equrltbrtum

concentralron ofaLqout rs calculatcd bt the follo$tng mass balance equallon.

Chapt€r 1

(Ce-Co)xV
Qe=

\! here Co rs the oflginal concentratron ofadsorbatc. Ce rs the equrltbnum conccntratton. m ts the

mass oladsorbent and V rs the !olume olthe solulron

1.1.2. Adsorbcnt:

Thc cholcc of surtablc adsorbcnt rs very lmportant. a good adsorhent rs chcap and castl!

alarlable. show hrgh selectrvrty and ls rcuscablc Surface area. Pore srzc drstrrbutron. surfacc

chemrslr) and polafll!, shapc. srzc arc ferv of the varrous paramelcrs used to detcrmrne the

adsorptron capabrlrl) of lhe adsorbent

Vanous rnorganic mateflals (charcoal. srlrca. zeolrte. alumrna. cla) elc) and organic materlals

(natuial and slnthetlc pollmcrs) as \lell es the composrle of both (pollmer nanocomposrles)

have been used for the adsorptron proccss (Kanchana el.r/. 2012. Pralash el a/. 2012. Zoler[anr

ct ol .2015\

Berng hazardous to lrlrng oreanisms. rr rs essentral to remole lhe to\rc hcav) metals liom

polable and \\asle \ater b! eco-frrendll methods. bcfore thetr ultltzatron and dtscharSe tnto the

envrronment Chttosan rs a natural pol\mer. abundanll) alarlablc and rs brodegradable and

brocompatrblc so rt rs the idcal candidale for the remoral oftortc pollutants The present stud)

Nrll use thrs lo\\.cost bropol)mer chrlosan oblarned from fishenes rrastc as an elTictent

adsorbent lor thc removal ofhea\\'metal rons

The arm of thrs stud)' rs the s) nthesrs and charactcflzatron of novel adsorbent for the remo!al ol

Pb(ll)from lcad storase ballefles \\asterater

The obJeclr\es ollhe prcsent stud] are

Slnth.ss rnd Chrrict.n lrotr ofCh(os./Cr.ph.r. O\rd. nanocomposrl.s
tor th. rcmor.l ofl.rd fmm l..d-.rrd b.ll.n s srtcr



iNTRODUCTION

To slnthesrs ofGrrphene O\rdc

To sT nthesrze and characterize chltosar/graphene orrde nano-compos(es

To evaluate the effect of adsorphon pammetcrs (pH-dose rate.trme of adsorptlon) on thc

adsorprion of lead from lead-acld bamerv's \\ater

Stnthcs6 rnd Ch.r..rcnatrotr of Chrtos.n/crrph.r. Orrd. Drtrocompoei.s
torth. r.mottl ofl.rd from l.id-acrd b.tt.n's rrr.r
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Human derelopments slnce rndustflal re\olutron ha\e resulted rn lhe se\ere alr \\ater and sorl

pollutron The uncontrolled drscharqe of pollutants tiom tnduslflcs ind urban centers has

deterrorated the cco-cn\rronmcnt (Fanela1.20l3) Amongall Iheharmful conlamtnants hea\\

metals are lhe most lo\rc ones Hca\) melals ha\c hazardous ellects on bolh aqualrc and

Ierreslflal organrsms (Yan el al .2012. Fan er al, 2013) Lead has been recognrzed as a

lon-qslandlng en!rronmenl contamlnant among all the \arious hea\) melals Vaoous studtes ha\e

reported the 10\rc effects of lcad.

Fall. l00J rnvestrgatcd about the Chrldhood

revealed lhat although for )ears lhe maxrmum

sourccs thal can cause lead porsonrng a.e strll

mrnrng and smeltrng etc

lead porsonrng and rrs health ctTcct. thc slud)

use of lcad has bcen phased out ho\\e\er man\

there such as. flour mrlls lead-qlazed ceramrcs

A)ana ., a/. 2008 harc also sludred rhe lead e\posure among rhe Norlcrs in lead acrd barter)

reparrLInrtsoflransponsenrceentcrpnsesacascstud!fromElhropra The results ofthe findrng

!ndrcated Ihal the average le\'el of Llflnar) amrnole!ulrnrc acrd among the \\orLers \\ ere

srgnrficantl) hrgh re >l6pg/ml

Ahnad et al - 201.1 searched about thc heallh effccts ol lead rnto\rcalron among rhc \\orkers of

lead-acrd battcfles rndustr) rn Bangladesh Thc studres re\ealcd lhat rhe lnformal rec\clrng

methods for lhe recovcr) of lead ls responslblc for the unusuall) hreh erposure of lead among

the r\or[ers. the a\eragc blood lerels \\ere !er] hlgh The common lllnesses amonq the \orlers

\\ere headaches colrc parns. nausea- hlperlcnsron and ancmra r\ll these drseases *ere

attnbutable lo lhe hrgh le\els o ead e\posure

Among the larrous methods for the remolal of lead adsorptron ls lhe most sultable method

because o[ rls lo$-cost and lt does not produce to\rc slrrdge or an! othcr t]pe of sccondar]

pollutron Thc success ofmetal removal can be achleved onl) bl the chorce ofsurtable adsorbent

materal. cheap abundantl! a\arlablc. rcusable. non-to\rc. brocompalrblc. brodcgradablc and

har rng large surface area Vaflous studrcs ha\'e becn carfled out for findrng surtablc adsorbent.

Cercel& ferdr 2007 Repo(ed rhat the Adsorptron of Ie.]d (ll) rons b\ aclr\ared carbon c\tractcd

from plant malcral. Euphorhw ngulu. adsorptron hnetrcs and !anous other parameters lr[e pH

and lcmpemture ha\e been studred fhc calculated ma\rmum adsorptt()n capac() (q-,.)oflcad

(ll) rons \\as I 35 ' l0-1 rnol g-' or 279 72 mg g-r at J0'C

Sr nlh.sls ind ( hrrrctcrrrroon of( hrtos.dCr.ph.nc Oud. tritro.ompoil.s
tor lb. r.mor.l ofl.rd from l.rd-rcrd b2tt.n's $2t.r
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Xu et a/. 1008 Llses O\rdrzcd multr[alled carbon nanolubes (\1\\( N-l-s) as sorbenl lbr the

removal of Pb(ll) from aqueous solutton ,\dsorplton parametcrs adsorptron lrme. pll. ronlc

strengh. forerqn rons- and o\rdrzed M\\'CNTs' conlenrs under amhtcnt condrttons usrng batch

technrque hare been studted The results lndlcate lhat the eflclent rcmoral of Pb (ll) from

aqucous solutron rs hmrted at pH 7 I0
Boudrahem rz r.r/. l0l I rnvestrgated lhe efTicrencl ofdate trec learcs as a lo\ cost adsorbenl lor

remoral of lead rons from aqucous solulton Batch e\pe menls \ere condr.rcted to slud) lhe

effectsofthe marn adsorplton paramctcrs tn dctatl The ma\tmum remo\al oflead(ll) rs found

to be 9.1 90 at pH 5 8. rnrtral Pb(ll) concenlralron of l0 mg L I adsorbent dose of I g L I

agrtatron speed ofl00 4,m ronrc srrenglh of0 005 l\r. and remperature of15 oC

Azouaou e/ al . 2013 studred aboul thc efllcrency of un-lreared orange barls as adsorbent for rhe

remo\al of Pbl' Batch ltneltc and equlllbrrum e\penments \\ere conductcd to slud) the ellicts

adsorptron parameters for aqucous solutrons of lead The results rerealed that the adsorpllon Nas

lavorable and the ma\rmum adsorption capacrt! found \\as equal to I l2 i6 mgg I

The use of polr mer based nano-composrte rs an emergrng lor\ cost. elllcrenl and cheap adsorbenl

(Zhr, & Schmauder. 1003)

2.1 Polvmar nano compositas:

A composrle mateflal ls dellned as "a combtnatlon of tNo or more chemicalh drstrncl phases

scparalcd b) an tntcrface The propertres ol compostle maleflal arc untquc and drfferent from

that of rts parenls A compostte maleflal conststs ofa matrr\ phase (grealcr proponton) and a

rernforcrng phasc/liller that rs presenl tn small quantrt! (lllor1e er a/ I999) Ihere are lhree

t) pes ol'composrles depending upon the t) pe of matfl\ thal has bccn used.

Mclal matn\ composrtc (metal or metal allo\ matfl\)

i Ccramrc matrrt composlte (tn-organtc non metallrc materral-s mJlfl\)

ll Pol\mcr maln\ composrtc (pol\menc matn\)

Pol\mer nano-composrtcs are composed of a pol\menc matn\ (natural/ s\nlhellc) and nano-

liller arc used as a rernforcrng agent (Zhu & Schmauder. 1003)

,\ numbcr of pollmcrrc nanocomposlles ha\e bccn dc\eloped and studrcd for varrous

applrcanons(Cho (, .,/ . 1006)

Srtrth.ss rnd ( h2nct..Erircn ot( hrtos../Crrph.nc Orrdc n.nocompost.s
for th. r.mor al of l.2d frcm l.rd,rcd batt.n's $.1.r
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Pollsaccharides are natural pollmers. monomers ofpolrsaccharrdes are hnked togelher \\rth the

help of gl;cosrdase ltnLage Pollsaccharides eastly degrade and rhetr decradatron products are

non-to\rc

Pohsaccharrdes arc classrfied on the basrs oflherr source as

r Planl derived pohsaccharrdes

ll l,.' anne pollsacchaldes

lll E\tracellularmaht\pol\sacchafldes

rv Pollsaccharides denred lrom mrcrobes

2.1.1 Chrtrn .nd Chitosen:

Chltln rs the second most abundant pol\saccharide after cellulosc obtarned from shells of
crustaccans Chrtin rs poly-R-(l. .l)-ltnked l-ace(amrdo-2-deoxy-D-glucopl ranose Chrtosan rs a

deri!atr\e of chltm obtarned b), deacetllatron of chrtrn \ryhen the chrtin has degrcc of
deacerylatron ( DA-{) greater than 5006 rt rs termcd as chrrosan (Hc el ul .2015\ The strucrure of

chllln and chllosan has bcen sho\\'n ln figure I

CHPH CHPH CHOH CHPH

CHITIN CEITOSAN

Frgurc I chemrcalsfiucture ofCHITIN and CHITOSAN

Chrtosan was first drscovcred b) Rouget ln 1859. the current annual productron of chttosan ts

estrmated lo be 3000-10.000 tons It 15 the onl.,- catronrc pollmer. ahundantl) ararlable. non-

toxrc- brodegradable and also btocompatible It rs due to thesc prope(rcs ofchrtossn that rt has

been used rn pollmer nano-composites for \aflous appltcahons (Nrorle) ca a/.2006) The

varrous applicatrons ofchrtosan hare been sho$n rn the frgure 2

S] nth.srs and ( herr.t.nzrtron of( hxos. cmph.n. Oud. r. n ocomposrt.s
for th. r.mo\.1 ofl.ed from l.rd.acrd brttcn's rat.t 10
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Trcrtmct

Mcdicel
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Biotechnologr Cosmctics

Eolthcrrc

Figurc 2 Applrcatrons ofCH ITOSAN

2.1. l.l Propcrtics of chitos.n:

Chrlosan rn calronlc rn nature. the amrno group protonated rn the acrdrc envlronment. lhe

prolonalron occurs at C-2 posrlron olNHr causrng solubl|sallon of chrtosan rn acrds hke HCl.

HNOr and acetrc acrd ThepKavalueofchrtosanrsrntheraneeof62.6S(Rrnaudo.1006)

Chitosan senes as metal chelatrng agent. amlno groups on chrlosan charn can reacls/bind all

transrlron metals from group 3 hor\ever rt cannol brnd alkah metals as \\cll as alkalrne ea(h

metals(Unagolla & AdrkaD. 2015) ln ac'drc en\rronment amrno groups protonaled and brnd

metals rons b\ ron-e\change (Unagolla & Adrkal.\.l0l5)

Chltosan has an abrllt) (o adsorbs great rcnet) of melal rons rncludrng Cu. Pb. Cd. Hg and a

number of dles asTrell Varrous sludres hare reported thc adsorptron etlicrcnct of chrtosan

deflralr\es ofchrtosan and rts composrtes \!rth other bropollmcrs (cellulose). slnthehc pol)!ners

(Pol)vrnll alcohol). clals (scprolrtc. bcntonrte). carbon nanotubes. graphene /graphene ovde for

lhe rcmo\al hea!! metals rncludrng lead

Kamarr cr a/. 1009 Studred thc adsorptron capacrtres of chrtosan and chemrcall) modrficd

chrtosan becds for acrd dles The chrtosan Nas chcmrcall\ modrficd rrrth eth]lene gl)col

drgllcrdll elher (ECDE) and acrd dles uscd rrere Acrd Red 37 (AR 17) and 4.crd Blue 15 (AB

l5) Adsorpllon/ Dcsorptron parameters ha!e been sludled ln delarl Resuhs rndrcalcd that the

cross-llnled chrtosan beads sho\ed compaplr\el) Io\er adsorplron lhan \\nhout cross-llnked

chrtosan beads Thrs rs due to the reduclron ofactrre srtes for adsorptron as the) \erc occuprcd

Stntt.sr .nd Ct.r.ct.n,rllon ofC hrlosrn/Griph.n. Oud. r.ncomposrl.s
for thc r.moral ofl.,td from l..d-r.rd brlt.n s *.t.. 11
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b! the EGDE rnolecules The desorptron slud) data re\ealed thal both crosslrnled and uncross'

hnLed chrtosan beads retarn therr adsorptron capabrlrt) alier lhrcc c\cles of adsorptron

desorptron Results from FT-lR anallsrs shosed that there rs a phlsrcal rnleractron betseen dres

and chrtosan-based adsorbents

\gah ct a1. 2010 slnthesrzed. chamcrenzed and studred adsorptron abrlrtres of chrosan-

tnpollphosphale beads for Pb (ll) and Cu (ll) The effects ofrarrous adsorplron paramelers ha\e

been studred rn detall The ma\lmum adsorplron capacrtres for Pb and Cu rrere 57]l and

26 06myg respcctr\el! ln brnan metal s)srcms thc bcads \\ere more selecrr\e to\!ards Cu o!er

Pb The thcrmodlnamrcs paramcters shoNed spontancous and cndothcrmrc rn nature lR spcctra

\\ere used to e\plcrn lhe mechanrsm oladsorptron

Prakash e/ a/ 20l2ln\eslrgated the adsorptron abrlrtres ofchrtosan \\ld N\lon 6 membrancs for

copper and cadmrum rons from s;nthelrc rndustflal \laslewater Chrlosan and \\lon 6 \cre

cross-lrnked usrng Clutaraldeh)dc b) blendrng rt \!th drffcr.nt ralros of _qluramldeh) de. l l l l
and 2 I The prepared membranes \\ere lhen used as an adsorbent lbr the remoral olcopper and

cadmrum from \\aste\\ater The prepared \\cre charactenzed \\rth thc help of IR XRD.

TCA,DTA DSC. and SEM Adsorptron parameters. pH. dosc ratc concentralron ofhca\) mctal

solutron and contact lrme had been done Thc results of adsorptron paramelcrs sholred that the

oplrmal pH rs 5 for both lhe melals and optrmum adsorbent dose $as 5g/l00ml lor both melals

Ranchana dr a/. 2012 slnlhesrzed nanocomposrtes of chrtosan. methll cellulose and clar

(laolrne) and enhanccd adsorplron capacllres ha!c been rn!estrgated for Pb Clutaraldehldc rras

used as a crosslrnkrng agent The prepared composrlcs \\cre characteflzed r.rsrng FTIR. DSC

SI-M fTlR and DSC confirmed the successful slnrhesrs of nanocomposrtes and SEI\l

mrcrographs e\plarned lhe surface morpholoey of the nanocomposrres The eflects ol'ranous

parameters ha\e been studred rn delall The results shorred rhat nanocomposrtes oIchrtosan rrrth

laolrnc arc efTicrent adsorbent compared to chrtosan/ methll cellulose nanocomposltes The

optrmum tlme for adsorptron \as J00 mrnutcs. optrmum adsorbent dosc \ras 6gL I and optrmum

ptl rs 6 The Freundhch rsotherm model bets e\plarns the adsorptlon mechanrsm The second

ordcr lrnelrc model best e\plarns adsorplron hncllcs

Kamal c/ o/ 20lJ preparcd TEOS cross-lrnkcd chrtosan,PVA cornposne bcads for lhe remo!al

ofCu (ll) from aqueous solulron The chemrcal solubllrt) test and lhe s\elllne beharror ofthe

beads lrcre sludled ln acrdlc medra lhe prepared beads Nere lnstruntcntall\ characlcrzcd b]

Sr nth.$s.!d Chrnct.hzrlrcn of ( h(os../Craptr.nc Orrd. nino(omposrl.s
for lh. r.nor rl of l..d trom lcrd,rc'd b.ll.n s eatcr t2



rnfrared spcctroscop) The results sho\\ed that the crossltnkrng not onl) tmpro\es the

mechanrcal propertles and stabrltty ofthe beads but also prescned actt\e adsorptron srtes on

chltosan Thc va ous adsorptton parameters have been studled \\tth thc help of batch adsorptlon

e\pcnment The results tndtcated the ma,irmum adsorptron capaclt) \\as 2l-1 6 mg/g accordrng to

Lanqmurr rsotherm for Cul_ rons E\penmental data best follo\\cd Lanqmulr and l'reundlrch

rsothcnn models The thermod)'namtc parameters suggested endothermlc reactton

Btbt et ol .2015 also prepared chltosan/CNT's nanocomposrtes and rn\esugated the adsorptron

propertres olthe prepared nanocomposttes for the remolal of polr-aromaltc hldrocarbon The

fNT's \ere'f-treated. rrradrated rn arr at 100kG! FTIR sho$cd lhe charEcTerrsrrc pcaks of

functronal groups as r\ell changes rn the peals and tntensttres SEM mrcrograph of

chrtosan/CNT's nano-composiles showed unrform drsperston of CNT's [rthrn the pol]'mer

matfl\ The results ofswelltng behavtor rn $ater and adsorptt!e remo\al ofnaphthslene ofthe

nanocomposrtes sho\\ed thal addttton ofCNT s lo$ers the strellrng abrlrg ofthe membrancs

\\hrle the mcmbranes uptake 87"b ofNAPH rlrthrn first 30 minutes

Hassan c/ .I/. 2016 synthesrzed. characte zcd and studted the adsorphon behavror of
chitosan/Poly,,rnyl alcohol blends Meth) ltnmctho\ysrlane (MTMS) rs used to cross-lrnk the t\o
pohmcrs Removal ofte\ lc d)cs (nelson red and palartne orange) has been tested The prcpared

membranes \\ere charactenzed usrng FTIR. \aflous adsorpoon pammcters ha\e been studred

The FTIR spectrum confirms rhe presence oflrnkages belNeen the t\\o pollmers The marrmum

d1e removal \!as 1230mg/g and 935mg/g for palatrne orange and nelson red respcctrvely The

krnetrc data bcst lits rn pseudo first order equa(ion whrle Langmutr tsotherms best e\platns the

mechanrsm ofadsorptton ThermodlTlamlc studics resulrs suggested that the adsorptton proccss

\\ as spontaneous and endothermrc

Azaam et al ,2016 prepared chrtosan composttes \\rth cla). chttosan/clay composrtes \tth Ag

and Au nano-partrcles The prepared nanocomposrtes !\ere charactefizcd \\rth the help of FTIR.

\RD and SEN{ Batch adsorpllon mcthodolog\ \\as used to determlne the adsoaptton cap,tclt} of

prepared nanocomposttes for Cu (ll) Balch adsorpuon studtes rc\ealed lhat the adsorptton

capaclt) ha\e greatl; rncreased due 10 addttton of Au and Ag nano parttcles compared lo

ch(osan/cla) nanocomposrtcs \\rthout nano pcntclcs The maxrmum adsorptlon capacrtv for Cu

rs l8l 5 mg/S

S)nlh.sr rnd Ch.ract.nahon of( h(orrn/Grrph.n. Oud. n.nocomposrt.s
tor lh. r.mo\rl ofl.rd trom lcad-rcrd brtt.n s*rt.. 13
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2.2 Rcinforccmcnt:

Rernforcements are also called as chargc or fillers and rn nanocomposllcs the) are rn nanoscale

are added rnto the matfl\ 10 enhance its mechantcal propentes and also to lo\\er tts cost (N,lonc

ct dl . 1999) Vanous fonns of retnforcements hale been used tn polr mer matrN e g e,.fohaterl

cla1s. glass fibers Carbon nanotubes. carbon nanofibers. Graphene i graphene o\ide nano

cr\stalllne metals etc

2.2.1 Graphenc otidc:

Craphene rs the ne$ addttton to the fasclnatlng carbon famrly. graphenc \\as first dlscoveaed

rsolated and characteatzed bl Andre Germ and Konstanttn No\,oselo! tn 200.1. and recet\ed

''Nobcl Prize" rn phlsrcs rn 2010 (Yang er o/ . 2012)

Craphene rs an allotroptc form of carbon and ls constdcred as a mother elemcnt oi some of the

allotropes of carbon lt rs srngle sheet olcarbon aloms (2-D) ananged tn the hone)-comb llke

slructurc (Tana er./1. f0l5) (Frgure.l)

Figurc 3 Strucnrre ofGraphene (b)Graphene O\rde (a)

Craphene has ercellcnt mechanrcal propertles. lt ts the thrnnest- strongest and strffest materral rn

thc \\orld as\\ell rtrsa\er],goodconductorofhealandelccr ctt)(Lru.1rl.f01.1) Graphene

shects slngle atom thtck so thcy ha!e !el._r'htgh surfoce area and also ser\cs e\cellent adsorptton

prope(res (Hana er r.//. 101 l. Lee (,/.r/.2008)

Craphene orrde rs den\atr\e of parent graphene slnthesrzed b1 the controlled oxldatron ol
graphrte Flgure j(b) Craphcne o\tde ls \er\ srmrlar to eraphene e\ccpt tt contatns o\\qen-

conlarnrng fi:nclronal groups on lts surface (Chen .,1 ,/ l0l2) The graphene o\lde ts prepared

b) follo\\lng one ofthe follorrrng dereloped method Hummer s. Brodtc_s or StJudnmelr These

o\)Bcn-cgntalnlng functronal groups rmprovc thelr lnteracttons \\lth polar soh,ents b) provtdtng

Slnth.sr rnd Ch.rtcl.rrzinon of Chrtoss/Gr.ph.n. O\rdc n.nocompostt s

for inc r.mor)l ofl.rd trom lcrd-.crd battcrt's $rt.r 14
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the polar surfaces as \\ell as reaclt\e groups Due to htgh surface,trea (greatcr lhan CNf s) and

presence ofo\)gen containtng [uncltonal groups make lt an e\ccllent adsorbent for the remoral

heavy metals and d\es

Graphene oudc e\hrblts e\cellenl adsorptlon abtlttres but duc 10 dlsperslon ln ltqutd mcdla tts

applrcatron ls hmrted for the removal of hea!\ metals Ho\\e!er graphene orrde has req hrgh

mechanlcal strength has functronal groups on the surface so thc)'can be used as retnforccmcnl

(nano-fi llers) lnto the poh mer matrr\ (Hana et.r/ 20ll)

Fan et ul - 1012 s)nthesrzed bro-adsorbent made up of magnetic chrtosan and graphene orrdc

(MCCO) for the adsorption of melhylene blue The prepared bro-adsorbent $ere characteflzed

b1 Scannrng Electron Mlcroscope. lR. X-Ra) Dlflrachon The effect of vaflous adsorptton

parameters \\ere also rnveslgated The results sho$ed hrgher adsorpuon capacttles and fast

krnetrcs for the remolal of Meth)lene blue Pseudo second ordcr klnetrc model best erplarns

klnctrcs data and lhe erpcrimental data follo\\cd Langmulr lsothcrms and flreundhch rsotherms

Yuct al -2013 slnthesrzed graphene o\rde-chrlosan aerogels for lhe remo\al ofCu rons lhe

chrtosan-graphcnc o\rde composrtes \\ere hophrlrzed to prepare acroqels and \\erc adopted as an

adsorbent to remove Cu rons Resulls indicated lhe adsorptton capacrty ofaerogels Nas 254x

10 mg/g calculated bt' usrnq l-angmurr rsotherm model Pseudo second-order model \\ell

descrbe the krnelrc dara lntrapanrclc model prcdicted the mcchanlsm of adsorptlon llas

drffusron Hlgher Ph values and hrgh lcmperaturc favors the adsorptron process

Ln cl dl .20ll ptepared chrtosan/graphene o\idc nanocomposrtcs through Net sprnnrng mcthod

and thcrr mechanrcal and d)e adsorptron propcrtlcs are been c\penmented Batch adsorptron

e\peflmcnts \\eac conducted and the cffect of adsorptron parameteas had bccn rnlestrgated

E\pcrrmental results rndlcated that rhe addltron of .l t{o/o loadrng rmpro.,e the tensrle properltes

of fibcas Adsorptron rsotherms studles data rc\caled that Langmurr model best fits to the

e\peflmenral aesulls and krnetrc studres data follo\ed pscudo-second ordei modcl

Thennod\namlcs data suggested that the process ofadsorptron \\as spontaneous and e\otheflnrc

Fa ct ul .2013 slnthesrzed masnetrc chltosan/graphene o\rdc through a facrle and fast process

and studred the adsorp[on apphcatron for meul rons The samples $cre characlcrrzed usrng FI-

lR. TEI\{. VSNI and XRD The results of chamcterizatron conlinned the successlll prcpa.alron

o I nanoc omposr tes The SEM and TElvl results sho\\ed that magnetrc chrtosan cssembled on thc

surface of graphene orrde larers lhe adsorptlon ahrlrt\ ofmagnetlc chrtosan qraphenc o\lde

S\nih.sts trd (heri(tcflr-2trctr of Chrtosrn/Grrph.tr. O\rd. n.nocomposx.s
tor th. r.morel of lcad from l.)d-rcrd barl.n's $tt.. 15



composrles had been ln\eshsated for lead melals The ma\rmum adsorptlon capactl\ for lead

\\as cstrmatcd 1() be 76 g.lme/e

Ltu et al 20ll reported an eas) method for the preparatron of PvA/chrtosan/Graphenc o\rde

brocomposlle nanofibers b) electro-splnntng Electron beam lrradtatlon \ras used to form a

homogenous solutron ofchrtosan from chttosan collordal gel SEI\j. Raman spcctroscop) \\as usc

to charactenzed the prepared nanofibers The results of the FESENI shoued the unrform

drstflbulron on nanosheets of graphene o\tde The a\,erage dlameter of the blocompostte

nanoflbers decreases \\lth lncrease ln the pcrcentage of graphene o\lde }{echanrcal propertv

data rcvealed that thc hrghesr tensrle strcnglh sas 2 78MPa and is l5olo hrgher compare rrrth

nanollbers wrthout graphene o\rde

Gedam.,/.r/.?015rnvestlgatedtheadsorpttoncapacrt)ofgraphrtedopedchrtosancomposilcs

for lead rnelal The prepared coatposttcs \rcrc charactenzed using follourng lnstrumental

technrques. X-ray Diffractron. lR and Scannrng Electron Mtcroscope Batch adsorptron sludres

\!erc conducted and vanous adsorptton parametcrs have been rnleslgated The results of

characteflzalrons confirmed crystallrne structure. wrde ranqc of porosrty. and the presence of

C=O and OH lunctronal groups Adsorptron studres sho\ed that adsorptlon of lead rs hrghl)

dcpendent on pH. ma\rmum uptale of lead \\as 98o,o at pH value of 6 lg/L rs the oplrmum

dosagc lor adsorptlon and 120 mrnutes ts the opttmum trme Lanqmutr model bcst e\plarns the

mechanrsm ofadsorptron and pseudo sccond order rs the b€st fined the krnetic data

Shcshmanra et al . 1015 prepared nano-structurcd composrles of chrtosan/FeooH/Craphcnc

o\rde The prepared nanocomposttes \rere characteflzed by follourng lnstrumental techntqucs.

lR. X-ray Drffrachon. and Scannlng electron mrcroscopc and removal of lead b) the

nanocomposltes had been ln'testrgated l'hc rcsults rnd,cated that adsorptton process srgnrficantl;

depcndent on these pammerers

Ce & Ma. :015 slnthesrzed chrtosan/graphene oude nanocomposltes and rts adsorptton

propenrcs for the remolal of chromlum rons Thc graphene o\tde used $as modrfied rrrth

tnethllenctelramrne and the nano-compostte \\as prepared br usins mrcro\\are trradratton

melhod Thc prepared composrtes \\ere s)nlhesrzed uslng follo\\rne lnsrumental tcchntques.

FTIR. XRD SElvl BET and elementalanal)sts thc results rndrcated that rhe prepared composrtcs

hale hrqh adsorptron capacrtr for chaomtum as compared \\1th olher conventtonal adsorbcnts

Cha

Slnlh.ns rnd ('hrr.cl.rrz:lrotr otChrtostn/Cr.ph.nc Orrdc nrnocomposrl.s
tor th. r.mo\ rl ofl.td from lc.d-e.rd b.tt.r) \ sat.r 16
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avallable The ma\rmum adsorptlon capacrtv \\as:19 5 mgg I and the optrmum pllvalue \\as 2

Adsorptlon process follosed pseudo-second-order krnetrc model and LanSmurr rsothcrm models

Moharmm e/ .r/, 2015 have also preparcd and studred adsorptlon properttes o f ch tlosan/ s raphene

o\rde nanocompostles fhe adsorpnon propen,cs for lead hJ\e be.n rn\estlsatcd SE\I and FT-

IR technrques \\cre used to charactenzc the prepared composttes Batch adsorplron e\perrments

\\ere conducted to studl drfferent adsorptlon parametcrs The SE\l mtcrographs tndlcated that

b) the addrhon o[ graphene oxrde to the cross-lrnled chltosan the surlace morphology has

changed as rt rncreases the foldlng and roughness of the composltes The l'T-lR spectra further

confirmed the chem,cal ,nteractions bet\\een chrlosan and graphene o\tde The results of the

adsorption studres *ere as follo$s: opttmum pH \\as 5 opttmum lntttal dosc r\as tbund to be

o2g

Zhao ?1(r/. 2015 slnlheslzed chrtosarL/ graphenc orrde hldrogels and rn\estrgated rhe adsorptton

capacrtl lor dles lhe hldrogels uere prepared vra self-assembl) of chrtosan molecules on

graphene orrde and qerc charactenzed by drfferenl rnstrumental characteflzatton techntques.

Raman spcctroscopy. SEM. TEN{ and XRD The adsorptron data tndlcated rhe clTicrent remo\al

ol'three d)e molecules from aqueous solutrons. Congo Red dle. Methvlene Blue and Rhodamrne

B The dle adsorplron capacrtv of the composltc h)drogels marnl) aftobuted to the Graphene

oride sheets and chnosan senes for the gelatron of graphene orrde shects

Wang er /1. 2015 rnvcstrgated the adsorptron capacrtres of magnetrc cvclo-de\lfln-graphene

o\rde nanocomposrtes lor the rcmoval of malachrtc green from aqueous solutrons The preparcd

nanocomposrtes vvere characferrzed \\rth rhc help of FT-IR TEM. VSM (lrbratrng sample

magnetometer) fhe effect of adsorptlon parameters lrke adsorptlon ttmc. adsorptron

temperature. and pH ofsolutron- adsorption krnetlcs and rsotherms \\ere lnresttgated l-he results

rndrcated that the ma\rmum adsorptron capacrt) \\as 990 l0 mg/g at -15''C and the optlmum pH

t\as 7 Desorptron studles sho\\ed adsorptron capacrt! after fire adsorptron-desorpuon clcles

\\as greater than 809i, The klnehc data follo$ed pseudo second order knetrcs equatrons and

lsotherm data follo\\ed l-angmurr adsorptton model

2.3 Cross-linking:

Cross-hnlrng took place \r'hen the pendant groups or the hackbone of polvmer charns forms

bonds benreen drffcrcnt charns ofthe pollmer It maY bc a ph\slcal lntemctton or a chemlcal

interactron (lonlc/ covalenl,/ secondao ,nteracltons) Drff'erent methods and tcchnrques are used

Sr nlhcss and ChrDct.rEtron of( hrtosrtr/G.rph.n. O\rd. tr.no.omposrt.s
tor lhc r.mo\il ot l.rd from l.rd.rcrd b.tt.n \ rrt.r 17



Chapter 2

to cross-lrnk g)l\mcr charns drflerent cross-ltnhng agents hare been uscd to cross ltnk pol\mer

charns m order to lmpro\ e rts mechantcal properttes(Xreetd/ l0l0)

5\nlh.sr.od Chrr.ci.rrzriron of (hrtos2n/G.rph.n. Oud. mrocompont.s
for lhc r.morrl oIl.rd from l.id.2crd b.tt.n's ri{.r 18
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3.1 Chcmicals rnd solrcnts:

Acelrc Acrd. Ethanol Trtetho\]orlhosrlrcare (TEOS). Vrn\lrrrelho\\srlane (VTEST). Sodrum

t-lldrorrde (NaOH) Ammonrum persulphate. Hvdrochlonc acrd (HCl) and Lead Nrrrare

Pb(NOr)r, Graphrte porrder. Sulfunc acrd (HrSOr).Potasslum pcrmanganate (KNlnOr).

Hldrogen perovde (HrOr)?\ll chemtcals are ofanalltrcal grade Drstrlled $aler Nas used rn all

the preparatlon

3.2 Poltmcrs:

Chrlosan (product numbcr.i6.16. \,rscostt\ 200-799 centrporse degree of dcacet)latton > 75oir

bull densrtl 0 15-0 30 g/cml . M,^ I 15000-135000). for rndrgenous productron ofchttosan. cmb

shells \\'ere obtarned lrom Ka.achi. Pakrstan Poll'vrnllalcohol (98-9go/o hldrol)zed . NI.,

8_r000-90000)

3.3 Proc.durc for the synthcsis ofgmphcnc o\id. (GO):

Erpanded graphrte \as prepared from commerctal graphlte b) treattng lt \\ lth Lno\\n volumc of

concenlrated HCI drluted rrlth 25ml of drshlled $atcr folloued b1 successrve \\ashrngs [o

neutraLze rt Frltered and dflcd to obtarn e\panded graphrte

Sulphurtc actd and phosphorrc acrd rn the ratton 9 I \\ere added tnto lhe \\etghed amount of

e\panded graphrte ( lg) rn aflask fitted r\rth magnetlc strrrer and *as slrrred on rce bath for -30

mrnules at 0'C The tcmpcrature uas contrnuouslY monrtored as soon as tcmpemture rarsed from

0-5oC rrcrghed amount ofpotasslum permanganate \\as added slo\\l) Remo!e the tce bath and

contlnued strrrrng for another halfhour. than added l0-l5ml ofdtst,lled \\ater conttnue sttrflDg

for l5-20mlnutes Scaled the flask and allo\\ed rtlo boll for2hoursat I00.C Thenadded l5nrl

ofdlstrlled \\ ater and 5ml of30o,o hldrogen pcro\rde and allo\! tt to sltr for l0 more mlnutes and

decant Then added 20ml ofHCl and 60ml ofdrst,lled \\ater strrred for 30 mrnutes \\ashed

neutrahzed and drred

3.1 Procedurc for thc prcper2tron ofpohm.r n.nocompositcs bc.ds (CS/GO-0):

The nano-composrtes were slnrhcsrzed b1, usrng solutton ml\tng melhod Chttosan $as

drssol\ed rn 50ml ol 2o,o acetlc actd solutlon rn a flask fined \\tth magnettc stlrrer at room

rempcrature PVA(Pol)\rn)lalcohol)\\asdrssol\cdseparatel\ In.l0ml ()fdrstrlled\\ateratS0oC

under reflur to set a clear solutron Thc dtssol!ed PVA \\as lhen addcd tnro the chttosan solutlon

under strr ng at room tcmperature for half hour Then added lo'" hydrollzed

! rn) ltrrethoe\\'sr lane and \\elghed amount ol'rntttator dtssolved separatcl) rn 2ml of dtsttllcd

S\ nlh.sr ind Ch.r.cl.rrzairon of( hrtos.n/Gr.ph.n. O$d. n:no(omposrt.s
for lhc r.mor)l oflcrd from lcrd-:crd b.ttcn \ xrt.r 1S
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\later allo\\cd rt to hcat lor 2 hours at 80"C After 2 hours of contrnuous sllrnne loir TEOS

(tfletho\\ orlhos r lrcate ) rras added and allotted to sttr for anolher hour at J5'C and sontcarcd for

I hour at room {5oC

The beads uere prepared b) droppmg prepared blend tnro prectprtatron barh (10"i, solutron of

sodrum h)dro\rde) \\rth the help ofa slrrnge and then \\ashed \\rlh plent) ofdrstrlled \\ater to

neutrahze the beads and slore lt rn ar tlght glass conlarner

Frgur.l : Flow-shcct diagrrm ofSynthcsts ofchitosan/PVA bcads

J.5 Proccdure for thc svnthcs$ of bcrds $ lth r rn Ing .mounr of graphcn. o\idc (CS/CO-s,

cs/Go-r0):

The nano<omposrtc uere s\nthestzed b) usrng solulron mr\lng method The r\erghcd amount of

Craphene orrde (005g. 010g. 0l5g) $as sontcatcd rn ultrasonrc bath for 5 hours to ensure

unrform drspersron of Crcphene oude The sontcaled graphene o\lde \as then added ln to the

PVA solutron and strrred for one hour and thcn sonrcated for one hour at room lemperaturc Then

addcd chltosan solulron rnto PVA/Graphene o\tde blcnd and agam stlrred for half hour .rt room

tempernture to cnsure untform mrung ol the t\\o pollmers l_hcn ,tdded lr" h]drollzed

\ ln\ ltflethoc\\srlane (V IESr ) and \\erghed rmount (0 0lg) oI lnltralor (/\mntonrum persulphste)

S!nth.ss !nd Chrr.ct.n12tlor of Cn(osro/G12phcn. O\rdG nrno.omposrt.s
ror th. r.mo\ tl ot l..d from l.rd-r(rd br(.r!,s s.r.r

Synthesis of chitosan/PVA beads

Dlssohed chrtosan ln acetic acid Drssolved PVA rn drstrlled \\ater

Mr\ the tr!o solutrons

Added hldrollzed VTESr+KPS Heated for t\\o hours at 70.C

Added hldrolrzed TEOS healed for.l hours at .l5oC under stlmng and than sonrcaled
for one hour

Drop rt rnto the hardcntng solutron ( l0olo NaOH) \\ rth the help ols)flngc

20
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drssolved scparatell rn lml ofdtstrlled \\cter allo\\cd tr to heat for f hours at 80''C After 2 hours

of contrnuous slrrflng 206 hldrol)zed rfletho\)onhosrlrcate (TEOS) \as added and alloued to

strr for another hour ar .15"C and sonrcated for I hour at -15"C The bcads \ere pr.pared as

mentioned abore

Frgur. 5 : Flow-sheet diagram of Synlhcsis of chitos.n/PvA,/GO bcrds

3.6 Characterization:

J.6.1 Infrrr.d spcclroscopy

The IR speclra of Graphene and beads $ere recorded on FT-IR spectrophotometetr at room

temperature FTJR spcctrophotomc-ter model Ntcolcr 6700. Thermo Electron Corp. and

Wallham. Massachusclts. USA The scannrnq range rvas -1000-500 cm'1. rcsolulron was 6 0 cm l

and ll6lumber of scans

3.6.2 X-Rar Dilfrection:

S) nlhcsts znd Chrr.cl.rE.tror of Chrtosn/Grrph.D. O\rd. rrnocomposn.s
for lh. r.morrl of l..d from l..d-rcrd bafiGn's $2t.r

Synthesis of chitos.n/PVA/GO beads

dlssolved chrtosan ln
acetrc acrd

dtssohed PVA rn drstrlled
\\ater Sonr.alcd GO

Mir PVA solutron and GO and strr rt for an hour and than sonrcate

Added chitosan to the PVA/CO blend

Added hrdrolrzed VTESr+KPS Heated for t$o hours at 70'C

Added hldrollzed TEOS heatcd fo. { hours at 45oC under stlrnng snd than sonrcated
for one hour

Drop rt into thc hardcnrng solutron ( I07o NaOH) \{ ith the help of s} nnec

21
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The X-ra] di(Traclron anallses \\ ere performed on STOE STADI P po\\er drffracromercr ar a

scannrnq ranqe \\as 2o to 50o

3.6.3 Surface Arca Anchsis:

Brunauer Emmeft Teller adsorptlon/desorptton e\perrments \rere perfomicd bv surface area and

porosrt\ anallzer model i\utosorblc. Quantachrome for determrnrns pore rolume. pore stze and

sp.crflc surface area of beads l'he -60 mg samples rrere degassed at 70 "C for 60 mrn All

samples \\ere charactenzed undcr Nl en\rronment b) usrng BJH rsolherm aquaoon to the Nl

adsorptron rsotherm

3.6..t SEM:

Tescan. \IIRA:3 ficld emrssron scaltnlng electron mlcroscope couplcd Nth fDX The samples

\ere drspersed rn ethanol before anallsrs The lmages $cre anal\zcd at drf'ferent maentficattons

3.6.5 Thcrmogrerimetric .nalysN:

l-hemro-gra\ rmetflc anal)srs (TCA)mEere performed usrng TCn'HT DIC HSS2 from O'C ro

1500"C under nltrogen almosphere

3.6.6 Ramen spcctroscopy:

Iiaman spectra \\erc taLen usrng Renishau tnVla Raman mtcroscope (Dtode pump solld DPSS)

at 5.ll nm sreen laser I hc analrsrs $,as carrred out al room temperature I he scannlng ranee \\as

lrom 100 cm I to Jt)00 cm'r under dmbrent condrtton

3.7 B2ich edsorptlon studies:

Slocl solutron ( 1000mgl- I 
1 ol'lead nrtrate $as preparcd b) drssolr rnq calculaled amount of lead

nrl.ate rn dlstillcd \\ater Solutton \r'lth conccntrahon rangtng from Jomgl' to 500mgl,_l uas

prepared b)'drlutlng the slocl soluhon of I000mglr Barch processes at ambrent temperature

(27'C) Nere caraled out for adsorptron e\penments All the erpcrrments \\erc canled-out rn

tnplrcates The concen lral lon ol lead \\ as measu red \\ lth the help of F lame {romlc Absorptron

Speclrophotometer (FAAS) The rrareleneth r\as 283 3nm \\rth a slrr \\ tdrh of I 0

Srnlhcsls rnd ( hinc(.nzri'on of ( h'losrtr/Graph.nc OUd. ranocomposrl.s
fo r ihc r. mor )l of l.rd trorn lcrd-rcrd b.rtt.n s *. tcr 2Z
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The pcrcentage rcmoval "E" was calculatcd by drffercncc method as folJo*s,

Removar o/o = ?:!: x 1oo

The adsorptron capacrty for Pb(ll) have been calculatcd as follows;

Qe=
(ce-Co)xV

3.7.1 Elf.ct of TiEc:

Krnctlc study was done for the opt[ruzahon of trmc for the adsorption oflead Ntratc For krnetrc

study samc amount of (10 mg) of water swollcn beads were taken in 1 1 drfferent glass vrals In

each of the glass vrals 10 ml of 10 mgl'r solution of lcad tmte was added The vtals were

shakcn for stated hme mterval (10 mrnutes to 3 hous) at room t€mperature The shakrng speed

was 140 rpm

3.7,2 Elf.ct ofAdsorbcnt Dosci

The effect ofadsorbent dose was studied by va.ryrng the amount ofbeads fiom 2mg to 20 mg at a

fi\ed rnltlal concentraton of 20 mgl--l for 2 hours The rcst of the parameters were kcpt constant

3.7.3 Eff.ct ofpH:

The effect of pH was measures by varyrng pH from 4 to 6 Flxed amourt of adsorbent and fixed

concerltratlon ofadsorbate were agitated for optlmrzed time at pH vaned 4 to 6 Thc samples was

collected and analyzed for the amount oflead lcft by drffcrence method

1,7.{ EITcct of Initi.l ConccntrrtioD:

For rsothermal adsorptron cxperimcnts flxed amount of adsorbcnt (beads) were added to the 20

ml solutton of adsorbate (lead nrtrate), the lnltral conccntatlon of thc adsorbate was vaned from

lomgl'r to loomgl-r

Synthcs$ rnd Chrr.ct rlz trctr ofChitos.tr/Grrphcnc Ondc n.nocoEposrt s
for lh. r.mov2loflc.d from lcld-.crd brtt.ry's w.t.r 23
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3.8. St.tishc.l Altrlysis:

All the adsorptron paramctcm werc carned out ln tnphcates and an average and standard error of

the tnplrcare has been calculated

3.9. Adsorption of Elcctrolytc:

o The l00ml of elcctrolfe \vas obtamcd ftom uscd lcad-actd battery and filtered wlth thc

help of whatrnann filter paper no I to rcmovc susp€nded partlclcs The concentraton of

lcad and pH of the solutron was dctemmcd

o The pH ofelectrollte was dctermned wr$ the help ofreference electodc polenhometer

o The pH ofelectrolyte was adjusted to thc optEuzcd pH{ wlth thc help of75% solurron

ofammorua

o 20mg of adsorbent (CS/G0-10) was added Into the 20ml solutron of clectrol!,1e and was

agrtated for I20 mrnutcs (optrmrzed) at 140 RPM

o The expenmenl rlas camed in ripLcates

o After 2 hours of agrtatlon the concentratlon of lead was determlned wth the help of

FAAS (Flame Atomrc Adsorptron Spectrophotometer)

Synthcsls end Chrr.ci.flzrlron orChrlosrn-/Grrphcn. O d. rrnocomposrlc!
tor lh. rcnrolrlot l.rd from l€rd-rcrd bzllcry's w2I.r 24
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4.1. Synthesis of Gnphene Oxide:

Graphene ovdc has bcen prepared hy multt-step o\ldatton proccss oltommerctal graphtte fhe
graphrte !ras first conve(ed to e\panded grophtte to t'actlrlate o\tdatton process Sulphurrc acrd

Nas used as an lnteacalattng agent The c\panded graphtte \\as Iurlher c\panded Nlth the help of
9 I ratto of sulphurrc acrd and phosphorrc actd The slurry \\'as than o\rdrzcd \lth the help of
KMnO{ and tempeaaturc rs conkolled b) tce,balh b€causc rt rs hrghll'crothermtc reactlon After

o\rdation of graphtte to graphrte o\tde the porrdcred graphtte o\tde \\as drspersed rn ultrapure

\\ster to separate srngle shcets ofgraphene orlde were bl ullrcsontc bath (Fan ?/ ,r/ . 2013)

4.2. Characteizations of Grephene Oxidc:

.1.2,1 Infrarcd Spectroscopr :

The FTIR spectra are the rnfrared absorptron/emtssron spactrum of IR active compound that can

be cmploled for both the quantllaltve as Nell as qualltatrva analtsrs ofunknorrn mt\ture The

FTIR anallsrs ofGraphene orrde tras perlormed to detenntne the ne\\l) added functtonal groups

after o\rdatlon of graphrte to graphcne orrde Frgure 6 sho\\ed rhe FTIR specrra ofCO. the

spectra sho*ed charactcnstrc peal,s for lhe carborll C=O (l7l-l cm r) aromalrc C=C 6l.l
.rn '1. alko..y C{) (1028 cm r). and h)dro\)l-OH (312t cm r) 

sroups

The prcsence ofabove mentroncd peals rs constslcnt \!(h lhe prevrousl) reported lrterature

(Paulcham] et al - ).015 and Song. l0lJ) confirminq the successful o\rdahon of graphrte ro

Graphene o\rde

{.2.2 RAI,I-{N Spcctroscopt :

Raman spcctroscop) rs an actr\e tool for the characlcflTalron ol carhonaceous mateflals The

common characteflsttc peaks. D band 1200 cm-r to I-150 cn I (dlsorder rnduced band) and G-

band 1500 to I600 cm I lgraphrre band) \crc correspondcd to sp] carbon atoms of the defect

structure and sp2-hvhfldlzed carbon atoms liom thc aromallc structures respectlvel\' (Blbt ea 21.

2015) The Raman spcctrc of lTaphenc orrde sholed D-band at 1i.16 cmr and G band ar 1603

cm l as shorln rn the figure T lloubnercrrr/.rcportedthatlh.prcsenceofDbandat1350cm

and C band at 158.J cm I that has been shlftcd from t580 cm I (C bdnd) and l-j50 cnr I (D

Slnth.srs :nd (firrct.nzahotr of (_h(osan/craph.nc Ot'd. nrnoconposrrcs
for thc r.mov.rl of l.td trom l.$d-icrd b.ll.n \ s.lrcr 2S
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band) ofprrstrne graphrte Raman spectra There rras also srgnrficant tncrease lnthc tntenslt) ol
D and C bands from D/G ratto ofo J.l ln Grdph(e 1() I 58 ln GO

J,2.3 Thcrmo Grevimctnc An.llsrs (TGA):

TGA anallsrs \\as perfofined lo test the thermal stabrlrq of Graphene o\rde Result has been

shoNn rn Flgure 8 The $erght loss occurred tn three stages In thc Flrst stage. a roughl) 5o,o

\\elght loss occurred at the temperatuae of 100oC. prrmanl) due to the loss ofr!ater molecules tn

the grapheme o\rde Dunng lhc second stagc the thermal decomposttron of tnstable o\\gen-

contarnrng functronal groups occurred and there \\as rotrghly 209o \\ctght loss- occurnng at a

tempeiaturc of 230'C Frnalll. 80% \erght loss occurred at 850'C \{as mainl) due to the

combustron ofthc carbon skcleton The snallsrs results clearll rndrcated the e\cellent thermal

stabrllt) of Craphene oxide Songela/.201.1 repo(ed thermal stabtlll! of CO undcr nrlrogen

mvrronmenl and sho\\ed the srmllar three step \\erght loss at 100"C (loss of \\ater molecules).

225'C (dccomposrtion of o\)gen contarnrnq funclronal groups) and 620'C (Combusrron of

Carbon skelcton)

.1,2..1 Scanning Elcctron Microscopc:

Scannlng Electron Mrcroscopl rs also another powerful tool to delermtne the structure and

morpholog) of nanomatenals The SEI\I mrcrographs of s\nthesrzed graphene o\rde has been

sho\\ n rn the figure l0 The SEM mrcro$aphs clearl)'sho\\'ed verv thrn sheets ofgrcphene o\rdc

\\rth smoolh surfaces The FTIR data has already confirmed that thc carbon Ia)ers ofthe graphrte

has becn successfulll o\rdlzed The rnter-planar spacrng behvecn the la\ers carbon aloms rn

gaphrte havc rncreased duc lo the rmplantatron of orYgcn contarnrng functlonal groups on both

sldesoflhe graphrtc sheets. rrhrch reduces the tnter-sheet \ander\\aal s lorces The sonrcatron

funher separated these alread) e\panded structures rcsultrng ln the synthesls ofGraphene o\tdc

(Lra e/.r1. l0l-l)

S\rth.$s rnd (hrrrct.nzrtron of ( hrlo$n/Grtphcn. Oud. nuocomposrt.s
for thc rcmor il ot l.rd tmm l.ad-acrd hrll.n's $.tcr 26
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'*1

Fig 6 FTIR ot CO F'g.7 Rrrnan Sp.crra ofCO FrC t TG ^\ ofCO Ftg 9 Pholog.aphrc rma8e ol-C()
Frg.l0,r-h SENI rmaccs olCo
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4.3 Synthcsis of Nenocompositc bcads:

The nanocomposne beads rrrth and Ntlhour CO \\ere prcpared as menrron ln the proccdure The

ullrasonrc balh t\as used to ensure thc unrform drspersron ofCf) amons the pohmer matfl\ The

rcsults of FTIR drscLrssed bclo\ conllrmed the presence of chernrcal lntcraclton bel\\een thc

chrtosan and CO Frgure l{ belo\r shoNed rhe figurativc rllustralron ol composrtron ofCS CO-5

nanocomposttc beads

Frg. ll: Frgur.nr. rlluslr.tron ofCompostlton ofb.2ds

cslGGs

HP qLLo. -oJ
6o 

s o--r TEOS
HlC cr{,

..{^
cr[tllr

Slntft .sr ind Chir2ci.nTairon of ( h'ios.n/Gmphcn. O\'d. nanoconposrcs
for lhc r.moral ofLad from I.ad-icrd brit.n's nar.r 28
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{.4. Cherecterization of Nenocomposites:

l.{.1 Infrarcd Spcctroscopr

The FTIR anallsrs \\as performed to rn!cstrgale the struclures. lhe prcscncc of\anous functtonal

groups and lhc tlpe oIrnteracrons bet\\ccn dtfferenl components olthc nanocomposrles Ftg I I

sho\ed the I flR speclra ol' pnstrne chrlosan- the FIIR spectra of chrlosan sho\s all

charactenstrc pcals that \\ere alread\ reporlcd tn the pre\ lous ltteraturc I c A broad peal al llso
cm I ofO-tl ofhldroryl group N-H s)mmetflc \rbrarron srrerchrng. srgnrficanr peal al 2878

cm I attrrbutcd to lhe C-H srretchrng !lbrattons Trro sharp peals characteflstrc peak al l 7

cm rand 1585 cm-r carbon) I srretchrng of am rde I (N HCO) and NH bendrngofamrde Ilgroup

A Shon peak at li78 cm-r and IJ37 cm I rs characlcnstrc peal for CHI hendrng Sharp peals ar

ll60 cm-r 1028 cm I and f-i6 cm-r rs lor antr-slmmetnc slretchrn! of C,O-C lrnkagc of

chrtosan monomers and C-O strelchtnc ltbralton respectt\el\ (Burro\s p/ irl :007. Kamal

Yasrn. Rernenb et al -1016\

fTlR spectra of chrtosan/Pv^ blend alier addrng graphene o\rde ha\e been sho\\n In trg l2

The spectrum shoNcd all charactenstlc peaks \\tlh a sltght shrfl. the amrde ll peah at I568 cm l

tool blue shrft to 1573 cm I anrl l5?8 cnt I afler addrng 5oi, and l0"o graphcnc o\rde added

rcspectrvel) and the absence ofcarbon)IstrctchrnS peal ofCOOII rn graphene orrde suggested

Ihal lhere may bc some rnleractlons bet\\ccn carbo\\l group of graphene and NII: group of
pflmar\ amlnes. translormrng pflmar\ amrnes to sccondar) amrncs the C-N strelchlng pcal

shlfled to lo\er rntensrl),duc to the reduclron rn rhe eleclron cloud of (-N bond because ol the

conJugalr\c effect of Eraphene o\tde lhc pcal shtfttng cnd or broadenlnq of thc follo\\tng

peaks Thc broadcntng of OH and N-H peals after lhe addtlton of graphene o\lde ls becaLrse of

the h)drogcn bond'ng (Kumara & koha l0ll)

I_hcsc changes rn the chamctcflstrc peals ofthe composrles \\lth and \\rthout graphene o\tde

rndrcate thc rnteractron bet\\een chrtosan and graphene o\tde

{.1.2. Surfacc Arca Anahsis

BEI anallsrs Nas perlbrmed to (hccl thc o\crall surface area ol'rhc hcJds as \rcll as the pore

slze lhc surlace area ol rhrlosJn/Go bcads \rlh 506 and l0oo dosaqo of CO \\as calculalcd

Sr trlh.ss ind ( h.rrcicnrrlron of ( hrtosin/Gr.phcnc O\'dc n..o(ompo$r.s
for |ft. rcmo\.lofl..d fmm l.2d-r(rd b.ll.n's Bircr 29
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accordrna ro BJl l rsotherm model \as l l5 5l6 mr/g and 36 8l2 mr g respectnel) Thc pore srze

and a\crase pore srzc dlstflburron has esttmaled b] BJtl rsolherm \\a\ i9 57-13 nrn and 7-15608

nm respeclr\eh \hrch rndrcated thal the chtlosan/Co beads a..- rnrcrolorus Fan.,l ll/. l0l-'l

ha\e reponcd rhc BIH surface areaofi82 5ml/gat the loadrng ralc ol 0 tg ofCO lhc rcductron

rn the surface area and tncrease tn pore srze b\ lhe tncreastng thc loadrnq ol'CO rght be due to

lhe agslomeratron of Craphene sheers Kamal ct Ltl )011 ha\c rcpo(ed BET surfacc area for

LS/PVA bcads \\ere ver\ small (01-05m:/!t Ho*erer rhe ad,lrtron Lrf CO ro CS,pVA blends

ha\e rncreased the surface area of lh€ beads as shorrn rn the results mcnl,oned abo\e l_hc

rncreased surface arei rs responsrble for the rmpro\cd adsorplton lrnctlcs

S! nth.s6 rnd ( hrrr(t.nzriron of( hrlosir/(;riphcne O\rd. nrnocompolt.s
for th. r.morrl of l.rd fmm l..d-icrd brtt.n s $rtcr 30
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ii
I
I

Frg 12 FTIR spectrum of Pfistrne

Chrtos.n

FrB 13 Companson of FTIR spectra of

cs/Go{, cs/Go-s cs/Go,10

cslco{ CSIG'O-5 csrGGro

Frg 14 Photographrc rmales of Beads

4.5. ADSORPTION PARAMETERS:

{.5.1. Elf.ct ofCont.ct Timc

Contact Trme rs onlj oflhe \er\ rmportant parametcr as rt determlnes the Ltnetrcs ofthe reactron

b) optlmizrng trme rcqurred to reach the equrltbnum A short opttmum ltme means fisr bnehcs

Srtrlh6E znd (h.rr(ienrrnon olChrtosrn/Craphcn. Orrdc nrno.ompoet.s
for th. rcmorrlofl..d fom l..d-i(rd brtt.A\ s.icr 3t
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and !rce \ersa Flg l5- a sho\\ed the effect ol'tlme ofcontact bet*cen adsorbent anil adsorbate

It rs qurle clear from thc figure that lncrease tn the contact lrme tncreJscs the adsorptton capactl\

,'removal percent of lcad metal ljo\\e\er the chanqe tn adsorptton capac(\/ remo\al percent rs

srgnrficant Nrthn llrst 60 mlnutes of agrtatron After 60 mrnutes the change ls not !en,

slgnrllcant ond ultlmately equrltblum ls achte\ed aftcr about ll0 mrnutcs of agltalon So thc

optrmum contact ttme for the adsorptton of Pb*l appears to b 120 mlnutes

The adsorptron ol'Iead occurs follo*rng nro steps firstl) the transfer of metal rons on to the

surface ofbeads and then lhc attachment ofmetal tons on to actl\e adsorplton srtes Duflng first

60 mlnutes ofcontact trme a number ofadsorption sttes are avatlable lor btndtng Pb-l Afier 60

mrnutes due to gradual decrease of brndtng sttes thc rate of adsorptlon also decreases

Nloharram e/ a/. l0l5 havc r.ported that thc equtltbnum tlme for adsorplton of lead on to

CSi CO bcads \\as 300 mrnutes ho$eler the o\ erall lrend for adsorptron rr as srmrlar as there \\ as

an raprd adsorptron rnluallv and decreases gradualll untrl equthblum ts reached

{.5.2. Effcct ofpH

The eflecl ofpH rs one ofthe most rmpoftant parameter Js tt affects the o\'erall chemrstry ofthe

adsorbent as uell as adsorbatc Chttosan usualll drssolves at lo\er pll (actdrc) \alue due to thc

prolonatron of Ntl group Thc prepared beads *ere stable at pH \aluc of :[ but pl]lalueless

than ,{ results rn thc drssolutron of beads and accordrng ro thc pouabat\ dtagram lor lead. Pb*: rs

pre\ent rn the tbrm of lcad hldro\rde Pb(OH)r at hrgher pH \rhrch readtl) prccrprtates so pH >.1

&<6 \erc selected to stud) the effect of pH on thc adsorptron oflead (Yu er a/.l0ll) The

cffect of pH ha\,e been sholrn tn Fls l5-b the remo\al peicentage rncreases \!rth lncrease ln pH

laluc from i[ to 5 ho\\e\er srgnrficantll large remoral percenr pH 6 mrghl he att buted to the

panral adsorphon and panral precrpttatron of lead rn thc form of lcad hldrorrdc The trend rs

srmllarforall composrtrons The rclativel)'lo\\ pcrcenl removal at lo\\cr pll value of.l ma1 be

due 10 thc competltlon of Pb lons cnd H- lons ha\c tncreased and \acanc\ for the adsorptron o[
Pb *as reduced Horle\er rncrease rn the pH ralue from J to 5 resulted tn thc lncrease ofpcrccnt

rcmoval of lead due lo the rncrease tn the number of vacincres for Pb So the pH \alue of 5 ls

selectcd as the optlmum pH fbr thc adsorphon of lcad Nloharram eral- 2015 ha1e also rcported

Srnlhcsls :nd Chrrrct.rrzrtron of ( hxosrn/Grrphcr. Oud...nocomposrt.s
torrh. r.mor.l of l.id trom I.id-a.rd b:rr.n \$,t.r 32
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lhat the opomum \alue ol'pll tbr the adsorptton of lead on Chttosan based adsorbenrs rs 5

(l\lohanam er a1 . l0l5 )

1.5.3. EfTcct ofAdsorbcnt dos.

L.flect ofadsorbent dose has been rn!estleated b) var)'rng the amount ofadsorbent keeplng rcst

ofthe parameters (ptl. ttmeand,nrhal concenrftrlron) constant The lig l5-c showed the elTect

of\arJ rnc adsoibent dose on the adsorptlon of Pb': The adsorbent dose *as varred lrom 2mg to

10 mg the figure sholed that there ls an rncrease ln the percent remo\al of Pb-: *rth rncrcase rn

thc amount of beads from 2mg to l0mg ho\\e!er the lncrease has bccome tnstgntl]cant afler

rncrease ofadsorbent \\eight lOmg to 20mg Srmllar trend ts obser\ed rn all ofthe composrtrons

(CS/CO-0. CS/O-5. CS/CO-10) The rncrease tn the rcmolalpercent rs altnburcd to the rncrcase

rnthenumberofbtndtngsrtcsbltheaddtttonoImoreadsorbent At a cenarn amount srnce therc

rs no fu(her mcrease e\,en \\rth lncreaslns amount of.rdsorbent because ofthe follo$rng n\o

posslble reasons (r) Increasc rn the un-saruratton srtes ( )Pafltcle a-qgregatlon resulttng tn thc

decrease rn the total surfacc area and reduces adsorptton capaclt) katnal eI a1, 201.1 and

Moharram e/./1. 2015 havc also reported that lncreasa ln the wetghl of adsorbent tnlttall\

rncrcases the adsorptton of Pb Horerer further tncrea.re reduces thc adsorptlon due to the

aeglomeration ofadsorbents (Jrn & BaI.2002- Kamal. \'asrn Rernen crdl.2016)

{ 5.{. EfTcct oflnrtial Conccntretion

The adsorptron efliciencl for CS/GO nano-composrles have becn tn!estlgatcd for Pb b) !ar) rns

the amount of lnrtlal concentraoon of adsorbatc Ftg 15-d sho\ed thc effect of tnttlal

concentralron ofadsorbatc on rhe remolal percent oflead The concentratron ollead rras.raned

from l0 to l00mgl As the ligure sho\\ed \\,th rntt,al rrse tn the concentratton ofadsorbate thc

adsorptron capact) also tncrcases ho\\e\er for CS/CO-0 the equlltbnum ts reached at 50 mgl I

of lead nrtrate Nhlle for CS/CO-5 and CS/GO-10 the adsorptron capactt)'rcaches 56mg/g and

6{119/9 at l00mu L'l of Pb': concentratlon respcctl\el} and equrlrbrrum rs not reachcd at

l00mgl l. the abole mentroncd resuhs clcarl) sho\\ed that addllton of CO enhanccs the

adsorptlon capicrt] ofthe beads for Pb and rncrcase rn the amount of CO liom 5oo - 10oo also

rmpro\es the adsolptron capaclt! but the rncrease ts not \eD slgnlficant (Fan .,/ u1 . 201-l . Zhao

r/ rl/.2015)

Sr nlh.sr rtrd Chrnct.rrz.hon of( hrtosrn/Gr.ph.n. Or'dc nrnocompos't.s
tor ih. r.mor)l ofl.rd from lead-.crd bitlcn\ $ricr 33
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Ettcct of Contict timc Eff.ct of pH

I
!,

,01

Effcct of Adsolbcnt dosc tflcct of lniti.l Conclntntion

ir.
t!.

cig
t

Ftg. I5: Vanous Adsorphon P.r.mclcrs for tbc rcmor rl of lcrd

I.6. ASORPTION OF ELECTROLYTE:

lhe electrolvte samplcs oblarned from used lead-acrd batter\ \\as first ancl)zed for the amount

oflead The amounl oflead present ln the electrol\ta has been sho\rn tn thetable I The amount

of lead tn all the three samplcs \\ere <2 msl'l \hrch rs also greater that the permtssrble lc\els ol

lead accordmg to Pak-tPA and \\'HO standards llo*erer after the ad\orptron of lead through

CS/CO-10 nanocomposrtes usrng optlmrzed paramcterc. the le\el ol learl rn the electrol)tc ts

almost zero 'l_he abore results clearll shoscd the e[ficlency ofnano!omposltes for the remo!al

ol laad on the real-trme samplcs The delalled rcsults hare been sho\\n tn tahle 3

S\nlh.srs aod Ch.rrct.rzilron of (hrtosrn/Cr.ph.n. O\rd. nrnocomposl.s
for lhc r.mor il ot l..d from lcrd-)(rd brn.n s $.t.r 34
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Teble J: Comperison of conccntration of lcad bcforc ard aftar adsorption of clcctroh te

S. No pH ofelectrolytc Conc.ntr.tron of lc.d (mgl-'r) Pcrmisslbl. limit of lead
IPh) mol -r

Initial Final pH
DH

B.f.;- -TAfr*
AdsorDlion lAdsorntron

<I 35 llJ 000 Prk-EPA 005
<l i5 200 000 wHo 0 0l
<l 35 28 000 I]S-EPA 005

Slnth.sE rtrd Chnric(.nzrhon of ( hrtosin/Crrph.r. Oudc n.nocomport.s
for th. r.no\'.| ot l.id fron l.rd,acrd bntlcn s $a1.. 35
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CONCLUSION
Hea\) metal contamtnatton ts a \\orld\\tde problem and lhere ts necd ofclfictenr cosl effectr!e

and eco-fnendl) melhod for the removal of heary metals The porrcr sho(age rn developlng

countflcs resulled rn the enormous addrtron of lead acrd baneD \\aslc rcsultrne tn an lncreased

lead contamrnalron

ln the present slud) a no\'el. cheap and grecn adsorbents ha\e been prcpared tbr the remoral of
lead liom Nastesater Thc adsorbents \cre prcpard fiom llsherrcs \rasle chrlosan and \!as

modrfied \\[h rhe hclp of CO Both products are brocompatrble and non.to\rc lhc
characlcrrzatron of CO and beads confirmed the successful s.rnrhesrs of GO and CS/CO

nanocomposrles The optrmum trme lor adsorplron Nas found to be l]0 mtnules the oprrmum pll

\aluc \!as 5 The optlmum $erght ofadsorbent \\as found to be l0 m_e lhe rcmo\al clllclenc\

Nas lbund to bc 69ob. 99o" and 9606 for CS/'CO,0. CS/CO-5 and (Si(,O-t0 respecrr\cl\ The

cfficrenc\ of' nanocomposrtes \\as also tn\esttsated for real-ltme samples (electrol\le ol'uscd

lead-acrd batterl ) and rs able 1(] remo\c lead completel\

lhc aborc findrngs ol'the rcsearch cre encouragrng and CS/CO can be a potenllal adsorbenr

to\ards thc rcmo\clof lead

The loadrng rate of CO can be l'urther tncreascd to enhance the slabllrl\ ofthe beads m acrdrc

medra

The adsorptron efficrencv ofthe bcads can be checled for othcr hcarl rnetals lrle Cu Cretclo
determlne Ihe specrficrl\ ofthe adsorbent lo\ards melals

lhc reuseabrlrtl ol'thc adsorbenl can be determrned b! desorptron slLrdrcs

S)nih.tls rtrd (h2.rct.nzrirotr of Chrtosrn/Gnphcnc O\rd. naro(ompont.s
for th. r.mor.lofl..d from lcrd-acrd bati.n's $ri.r 36
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