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ABSTRACT

Ilnvtronmental pollutlon ts a ma1or conccrn all ovcr thc \\orld Among lhcm

wlslewalcr polluhon from lnduslrlcs has takcn attentlon ofrescarchcr\ becarlsc ofthc \crlou\

halards to humans and cnvlronmcnt Wastcwaler must bc lrcated bcforc dlschar_qc rnto lhc

cnvlronmcnt !'or the trcatmcnL natural blopollmcrs such as carragccnan ha\e attraclcd Jn

rncreasrng amount ofattcnllon Thc blopolymer cafia8ccnan ls nalural scat\ccd thrt ha\ bccn

used rn rhts sludy for thc adsorpllon of crystat vlolcl dlc from th€ aqucou\ \olutron

Crosslrnked caragccnan bcads and carrageenan/graphenc o\ldc bascd nanocomPo\rlr\ \\crc

s)nthcstzcd FTIR results shoued cfficrent sllane cross llnklng of larragecnan bcad\ and

strong rntcraclton ofcarrageenan wlth sltane-functlonallzed Sraphcnc o\ldc lhc cro\sllnlcd

ca[agcenan beads wcrc furthcr cvaluatcd for the adsorptlon slud) of cry stal \ lolcl (('V) dlc

The effect of pH \ras studlcd and found that lt can best bcha\c rn acrdrc rnil ncutral

cnvrronmcnt l'he cffect of adsorbent dosagc on thc adsorptton cdprclt) rc\calcd lhal lo\

adsorbcnt dose was compercnt for adsorptlon ofCv dlc Thc adsorptlon llnotlc\ \\rs \ludlcd

bl applyrng pseudo-first'ordcr modcl and pscudo-second-ordcr modcl l hc c\pcrlm'ntal ddlJ

bcst fits thc pseudo second ordcr modcl By studylng lhe cffcct olconccnt'alron of('! dlc

ma\rmum adsorPtlon was found al concenlratlon of 110 mrg carra8ecnan bcad\ \!crc lound

an efTicrcnt adsorbcnl for thc removal of crystal vlolct dye from lhc solunon
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lntroductron

Now a day, thc world ls factng an unprecedented cnvtronmental crrsrs shcrc thc

detcrlorahonoftheEaflh'sen\'lronmenttncreastngllthrcalcnslhonatural
resources En\lronmcntal potlutlon. malnly of waler sourccs has becomc Publlc rntcrcst(nhmad'

2OO9) Walcr from domestlc se\tage and lndustnal emucnts arc plal rng a Le; rolc ln $asle\\atcr

pollutlon water pollutron has dlversc cffccts on human belngs and ll\rng brou and ts thc

rnterestrng rssuc as lt rs onc oflhe most publlc health conccms U/asle\\ater pollutlon cau\cs

health problems hkc drarrhca. lmtatlon to thc skln' eyes and rcsplraloD tract (Ka''r // (I/'

2OO9) Waslcwaler from lndustnal efllucnls ls also lound to bc carcrnogenlc to\rr and mutaEcnr'

rowards humans and anlmals (Jalna el 4/. 2007)

Dyc tndustry ls a major conlnbutor ln pollutlng the natural cn\lronment (ALsu 2005)

Dyes arc the pollutants prescnt ln the \ aslewatcr of lcather' lc\tlle food proccsstng cosmct'cs'

paper and vanous other dyclng lndustnes (Bhatnagar & Jaln' 2005) Struclurall) lhc) ar'

s)nthetrc aromatrc carbon compounds bonded wr1h \anous functlonal Sroups (Pcarcca d/ a/'

2003) Annually. =70.000 tons of 10,000 types of dyes and prgmcnts arc produccd *orld\\rde

20-30 % otthesc dyes arc wasted durlng tcxtlle dyclng and fintshrng proccssc5 rnto thc tndu\trl'rl

emuents (Roblnson el al .2002) Texrrle tndustry consumes large amount ol-uatcr and \ancl\

and large amounl of chcmtcals lrke dyes tkoug}out lts manul'aclunnts and lintshrng proccss

slages

Pallstan has a leadtng rolc ln textlle lndustry It c\porls more lhan 60ou ol tc\trlc

producE to dtffcrent countnes Among all rndustnes. texttle rndusuf Lontnbulcs .l60 o to thc Iolal

output produced tn Paklstan ln Asla. Paklstan ls thc 8th largest c\poncroltcrttlc gtxrdr and lhc

tolal contnbutron to the tolal CDP rs 85% loxlc \ astc gencratlng from Jll]crcnl te\trlc

rndustncs around maJor cltrcs ofPaklslan are progresslYcl) pollutrng thc Nalcr b(rdrcs lrkc rtrcrs

streams and Arabran Sea (lrfan,2009) Most ofthese cffluents arc non-btodcgrad'iblc and eauscs

damage to the envrronmenl When these dyes are drscharged lnto thc \\astc slrcdms_ lhc\ arc

dlfficult to brodegradc due to complex aromattc molecular suucturcs and s\nthctlc orlSrn lt 15

also undesrrablc aesthctrcally Eren a very lo\,! concentratlon of dlcs ts hrghll rrsrhlc and

unattraclr\c (Khaltrr & Srngh, 1998) lts treatmcnt ls also a major drlcmma lor cnrlronmcntal

managers as rts dcgradalron ylclds carclnogenlc and lcthal products

Bropolymcr nanocompostlcs bascd on Carr.SccnadcnPhcnc oxrdc for Fnvrronmcnral ApPlrc,rlron



'l cxtrle rndustry uses drffcrenl dycs for colortng Among thcm. cr] stal \ rol€t Is onc ol'thc

lmponant dye that ts productng cnvrronmental and hcalth problcms CDstal \rolct {C\') r\ a

basrc dye, also lnown as gcnttan \rolct. methyl vlolet l0B and basrc vlolcl 3 (l lma c/ (r/ 1016)

Ils molecular werght rs 407 98 and bclongs lo class tnarylmethane d)cs (Mohammcd tt al 20ll

) Its absorptlon rangc ls 589 to 598 nm on UV spcctroscopy CV ts uscd lor drllcrcnl purposcs

such as pH lndrcator (tums vlolct fiom yellow with the transltlon at a pll l6) as 'rctr\c

rngredrcnt in Cram's statn and as baclenostatlc agent ln mcdlcal communll) rn humans and

anrmals as an extemal sktn dtsrnfectanl and ln textlles, palnts and pnntlng tt ts uscd as a purplc

dle (Alok Mlttal er a/.2010) whcn drscharged lnto the envtronmcnt vla rnduslnal clllucnl l1 rs

harmful for ltvtng btota and human betngs It can pcrslst lnto thc cn\lronmcnl ln \Jrlct) ol Nals

as lt ls Lnown lo bc a rccalcltrant molcculc as ll cannot be mctaboll/cd bl mtcrobes and also

non-bfodegradablc (Chakaborty el at, ?Oll) Thercfore. tt rs ncccssdr\ ro salill rcmore ('\'

from rndustnal elTlucnts beforc dlscharge Into the envrronmcnl

Contarnlnatcd watcr must bc treated before dlscharSe Inlo lhc cn\lronmcnl ('onstdcnng

the uastewater trcatment technlques. \ ell known mcrhods arc phl stcal chcmrcal and broloqrcal

methods Ph)slcal methods lnclude filtratlon. rc!erse osmosls. Prccrpl(0llon mcthods

(scdrmentatron, coagulatron. and flocculatlon). adsorptton (on actr\a1cd carbon. slllca gcl

brologrcal sludgc)etc Btologtcal proccss can bc aeroblc (revrval ofbtologlcal sludgc rn aoralion

basrns) and anaerobtc (dccay and rot ln stabihzng lagoons) depcndrng on thc prcscncc or

absence of oxygen Btologtcal method also lncludes degradatlon bl spcctal lungr Chcmrcal

methods rcqutre chcmtcals for lhc dlscoloratlon of uatcr and rl lncludcs rcductlon- o\rdallon-

complcxrmetnc mcthods, lon exchangc and ncuuallzallon (!orgacs et dl -2001)

Industnes such as. tcxtrlc. tannery, pulp and papcr lndustrlcs rnlrcqucnll) appl) lhcsc to

lreal thclr emuenls becausc of relatrvcl) hlgh operatlng cosls and lou remo\rl clllclencles

Among above.mentloned technrques adsorptton ts found to be an clllclcnl and cconomlc mclhod

to removc dyes and prgmenls It ls found to bc an advanccd proccdurc for thc rcmo\al ol

pollu(ants duc to rts low operauonal cost. stmplc dcstgn, easc of opcratlon and In5cn5tll\ll) to

toxrc substanccs(Sr \ amanr & Lccna Crace.2009)

Adsorpuon ts the proccss ln whtch thc contamlnant (adsorbatc)ln llquld lorm mounts up

on thc surface ofsohd adsorbenl The pollutant adsorbed on the surlacc rs callcrl adsorbatc and

Bropolymcr nznocomposrtcs bascd on Carrrgcenaivcr.Phenc o\rd. for Ln!rronmcntal Applrc.lron



Introductlon
Chrptcr I

thc sohd matenal on \rhlch adsorbate ts accumulatcd ls catled adsorbcnl Adsorptlon I\ Iound to

be an efficrenl mcthod to remove pollutants from wastc \ atcr as It ls an clTiclcnl and cconomlc

proccss A good adsorbcnt possess quallllcs llkc casy to proccss largc 5url'acc arca long scrrtcc

trme, srmplrcrty of dcslgn. hlgh adsorptlon capaclly' abuldanll] a\arlablc non-to\r! lo

cnvrronment and brodegradable (Yai el al - 2014) Dtffcrcnl low-cosl adsorbcnls lllc pcat- ll)

ash. fe(rlrzer wastes, clay mlnerals. scwagc sludge, and agncultural b1-product such as llheal

slraw, barlcy husks etc to remove dlfferenl pollutants lrom wastc$aler (Crlnl 2006)

Adsorplton process can be affected by dtffercnt factors such as Porc slTc' sPccrtlc surl)cc

arca. nalure. molccular srze. polanty, surfacc lunchonal groups and uetght ofadsorbcnt llesrdcs

thrs, the opcrattnB condltrons. such as pH, lonlc strcnglh and tcmpcraturc Jl\o affccts thc

adsorplron capacrl) (Srte, 2001)

ln firsl stcp of proccss of adsorptton. the adsorbalc molcculcs prcscnl rn thc hquld

solutlon transfers to thc surface ofthe adsorbent Then, thesc moleculcs mo\c lc) thc acll\c sltcs

of thc adsorbent and travel along the pores of thc adsorbenl I hc adsorbalc molcculcs udsorb\ on

thc lntenor surface ofthe pores ofthe adsorbent (Roscn.200'l) I-he process ol adsorpllon rs

shown rn figure I

Bropollmer nanocomposrtes can bc used for the adsorPtron ol pollutants lrom

\rastcwater Blopolymer nanocomposltes aje lhe comblnatlon ol' pollmcrs lrom blolotsl'al

sources and nanoslzed tnorganlc solids \ hlch forms nanostructurcd malcrlals (Vancssa Iclrla

Cunpo et ol , 2009) Biopolymer polysacchandes ltkc carragcenan har c attracted dn lncrcasc

rnterest becausc of tls propcrtles llke they are cost effectlve. brodcgradablc b:o compattblc and

renewable (Cnnt, 2006) Bropolymer caragecnan belongs to sulphaled pollsacchartdcs Ilmtll

havrng hrgh molccular werght obtalned by the cxtracllon of rcd sca$ccd Il rs 
'omposcd 

ol'

galactose and anhydrogalactose unlts coupled by gllcosrdrc hnkages (PrajaPatr cl ul ' 1011)

Graphenc has taken a greatcr lnteresl bccause of lts lrcmendous prop'nlcs llkc unlquc stru'ture'

low cost. tnduces no toxic effects and extraordlnary elcctronlc and mcchanl!al proPcrtlcs (\ an8

et al - 2010) Bccausc of the eco-fncndly nature of the canagecnan lhc Prcscnt stud\ ras

desrgncd to synthestzc carrageenan based nalocomposttc lc Carragcenan/Craphcnc O\ldc

nanocompostte for the removal ofdyes

O.pofy*orpo"tcs bat.d on Carngccnan/Graphcnc oxrde for Envrronmcnlal Apphc'lron



Introductron Chaptcr I
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Figrrc l. Schcoetic llorv of rdsorptron proc.a! stcps

The alm of thrs stud\ ls to syntheslze a nolel matenal to remedlate to\rc pollutants from

the eNTonment and to checl the feasrbrlrtv ofthe product on lab scale

Obicctivc!:

1 To swthestze carrageenan based nanocomposrte usrng graphene ortde as nanofiller Thc

mrin objcctive of this work is to dcvclop ahc bro brscd nrnocompositcs. Attempt will
bc medc to Iitrd thc 6!icr rtrd chcrp.r wry tor this dcvclopmcnt rnd renewable

roatenals w1[ be cxptorcd as the precursors

2 To charactenze ofthe nanocomposlte by drflerent avarlable techmques (SEM. TGA and

FT-]R)

3 Thc trrro(oDpoliac. will bc rpplicd for.dsorption tpplicrtion in leriou! ficlds to

minimizc ex$trng problems and challenges

Bropolvmcr nenocompotrtes b.s.d on Carragccmn/cnphcnc oxrdc for Envronmentrl Apphczhon
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Llterature Revlew Chapter 2

Watcr polluhon rs a maJor ploblcm arcund the uorld and chemrcal tndustl ls lbund to be

a maJor cont butor ln pollutlng the envltonment. The worldwrde hrgh level of productton and

extcnsive usc of dyes generates colorcd wastewaters *hrch cause en\lronmsntal

pollutron(Saeeda et al ,2OlO ) The envfonmental rssues surroundrng thc \\ater pollutron ln

rndustnal effluent ts a conhnutng problem for dyesruff manufacturers. d\ers finrshcrs 'rnd \\alcr

compames They consume several toxtc substanccs for thc manufactuie oI Iinlshcd producls and

releases unused toxlc substances as lndustnal waste lnto thc cn\lronmcnt (\Lsu 200j) lhc

dlscharge of lndustrtal emuen(s contalnlng toxlc contamlnants such as to\lc mctals, d)cs c$uscs

negatlve rmpacts on lhe envlronment (Khattn & Srngh, 2000. Ramakr:shnan & Nagaralln'

2009) Accordrng to researchers, among the chemlcal lndustr) organtc coloranl mduslr)

contnbutcs 3402 m pollurmg thc envltonment (Robrnson er a/. 2001) Enrrronmental sclentlsls

and regulatory bodtes are contlnuously factng thcse lssues and to olercomc thcsc problcms'

rcgulatorJ' bodles cnforccd stnngcnt color standards to rcducc thc quallt) ofcolor rn cfflucnts

drscharge (Low & Gan, 1999) Therefore, Paklstan ENlronmental Protectlon Agcnr) (Nhnrslr)

of Chmate Change) has establlshed Nallonal Standards for Water Qualll] lor Paklstan lol

example the maxlmum contamiflant lcvel for colour ls 15 hazen l'able 1 sho*s thc ma\rmum

contamlnants levels to detcrmlne watcr quallty (Dll el 4/ , 2008)

When wastewater contatnrng dyes dlscharged lnto the enl1ronment vla lnduslrlal cfflucnt'

rt rs harmful for llvtng btora and humal belngs lt can pcrslst lnto thc cn\ Ironmcnt ln \ anel\ ol

$ays and also non-brodegradable Whendlscharged mto thc frcshuatcr btldrcs' somc dycs ure

dctflmcntal for aquattc ltfe They decrcases thc groMh of aquatlc llle \rncc d\es rcduces llghl

pcnctratlon rnto watcr bodtes thus dccrcascs photosynthesls efficrenc) of aquatrc planls(Ng'rha 3/

a/,20ll.Slokar&Marechal,lgg8,Strrcklard&Perkrns,1995)Someoflhed)csclsoc'tusc

senous damage to dlffcrent pans of human betngs such as hvcr. braln' kldnc)_ rcploducll\e

system and ncruous system People worktng rn tcxtrlc lndustD are at hrgh nsk to bladder

canccr(Bhatnagar & Jarn, 2005, ChatterJee e t ol ,2O1O, Pools el a1 . l978) Hence dccolorrzal ron

of dyc *aste mafter through removal of dye ls an lmponant aspect of lexllle !\Jste\\Jler

Ircatment

Bropolymer nanocomposltcs based on Carragecnar/Graphcnc oxldc for Lnvrronmcnlal ApPlrLatlon
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The mdustnal cmuents contalning dyes are dtfficult to rcmo\e due lo thcrr Incrt

propenles llke they are recalcltnnt organic molecules. rcsistanl to aeroblc dlgeshon arc stable lo

heat, sunlght and oxldtztng agents Secondly, low conccntmtlon ofd)es prcscnt In \\astcuatcr rs

drfficuh to remove and have hlgh treatmcnt costs(Ngaha et al ' 201 l)

Among vanous dyes, crystal vlolet (CV) ts a well-known used for dllTerenl lndustrl'rl

purposcs It has been wrdely uscd as dcrmatological agcnt. vctcnnary medlclnc as brologlcal

starn, papcr pnnting and m dye mdustry to grve purple color to fabrrcs (Adak e1(I1 2005) Whcn

cxposed to humans. tt causes moderate eye lmtatlon-causlng achlng scnslt'zatlon to Ilght or ma)

causc pcrmancnt damagc to comea. may be absorbed through skrn and cause skrn and dlgcstr\c

tract rmtatlon or may cause resplmtory and krdney fallure ln c\trcmc cascs Il ts carclnogcnlc

and mrtouc (Mlttal el o1. 2010) lt has bcen rcpofled that lt ts also to\rc to mdmm'rhrn lells lt

was found that tt is non-btodegradable and can perslst m a vaflel) of envrvonments hke rn

freshwater. Iivrng biota and in sotl envlronment(Llm et al ,2016) lhcrclorc tt rs nclcssar] to

salely remove CV l'rom tndustrial eflluents before drscharge tnlo the cnvrronment

A Mlttal et al (2010) reported lhat ovcr thc decadcs' tndustrtcs arc ustng dtffcrcnt

removal lcchmqucs for the removal ofcontamrnants such as coagulatron rererse osmorrs chemrcal

precrpltatron, mcmbrancfiltratlon, solvent c\tracllon, ' photocatal) t lcdegrada tron sonoLhem'cal

dcgradrtlon, catlon exchengc mcmbrtncs, elcctrochemlcal dcgradatlon bloloSlcal proccsscs and

adsorptron(ChattcrJcc et al, 20lO) Industnes such as. tcxtrle' tannery ' pulp ard pJper lnduslrres

rnfrcquently apply thesc to treat thelr eflluents bccausc ofrelatlvcl] hlgh opcratrng costs and lo$

removal cfficlcncles(Yerma et al .2012) Among above-mcnttoncd technrquc\ adsorPtlon r\

found to bc an cfficlent and economlc mcthod to remo\e dyes and plgmenls lt rs lound to b' an

advanced procedure for the removal ofpollutants due to lts low operallonal cosl slmplc deslg['

ease of operatton and lnsensrtlvlty to toxlc substances(Seow & l-lm- 1016) So far man)

adsorbents are used for the pollutants removal Some of the adsorbent\ ale gr\ en rn the lable f

2.1. Biopolym.r denocompositcs

Btopolymer nanocomposltcs can be used for the adsorpuon of pollutants from

wastewater(Crinl, 2005) Btopolymcr nanocomposltcs are thc comblnatron of pol)mcrs from

brologlcal souces and nanoslzcd lnorgantc sollds whlch forms nanoslrlrctured matcnals(Van'ssa

ffiffi-ly,",n"no"o*po,,t".bu,"donCarragcenarr,/GraphcneoxldeforEnvlronmentalAppllcatlon
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Lerna Campo et al , 2009) They have attractcd a greater lnterest o\cr thc last fct\' )ears

Presently. they have galned greater attentlon because of lts natural source t e l'rom protctns and

polysacchandes(Lt et al ,2014) Natural polymers arc non-to\lc. blocompatrblc chcap localll

avarlable and brodcgradable Therefore lhey have been used for drllerenl appltcatron\ Lke lor

controlled delvcry of bloactlre agents. pharmaceutrcals. btomcdrcal applcdtrons and l-or

wastewatcr treatmcnt(PraJapan et al , 2014)

Btopolymers are used ln the form of matrlx In thc nanocomposltcs I hc; can bc classtficd

lntonon.ionicandiontcmatenalsThelonrctypcconslstsofanlonlc(Co]So3)and

catronrc pcndants (-NRr*)(BrlLet et al ,2012) The prcsences of thcse tontc groups plal a Lc1

role tn removtng pollutants from wastelater Thc color pollutants arc elthcr catlonlc or anlontc

molcculcs Thcy show complcxlty \ lth thc anrontc and cattonrc Pcnd'rnts of thc

adsorbents(Mahdavtn ru et al .2012) Hence, catlonlc and anlonrc pcndants can bc uscd kr

remove anlonlc and catlonlc pollutants from wastewatel Among the anlonlc poilmers.

caEageenan ls a nafural and effictent adsorbent for the remo\'al of cattonlc cryslal vtolct

dye(Mahdavrma el a/. 2015)

Bropolymcrs arc of great concem ln solvrng the btologlcal and cnrtronmcnlal

problcms In recent years' lt has taken a greater lnterest ln rcmovtng actd:c and bastc dyes 1'rom

aqueous soluhons For example. Yan et al. (2014) lnvcstrgated a sludl lor the remoral of

catronrc dyes from water by absorbrng on acrylamrde/dlatonlc h,vdrogcls I unctlonal groups

prescnt on the surfaccs of the blopolymers play an lmportant to determme thc cnpacrtl'

effecttvencss, selecttvtty and reusabllrty of the adsorbcnt Today' adsorptlon ls the besl mcthod

whrch rnvolves the tnteraction of functlonal groups presenl on the d)cs \\rth the lunctlonal

goups present on the surfaces of adsorbent(Soedt ak' 1994)

Btopolymer caragecnan bclongs to sulphated polysacchandes lamrll ha\rng hlgh

molecular wetght obtalned by the crtmctron of red seaweed(Dantel-da-St lr a ?l (Ii 2008) Ihc

name Carrageenar ts denved from Chondrus cnpus spcctes of scauccd I ocrll) 11 ls lno\\n as

Carrageen Moss or lnsh Moss and Carragaln It ls composed ofgalactosc and anhl d ro galac tosc

uruts coupled by glycosrdrc ltnkagcs (Stucure gtven tn figurc 2)(PraJapatr ct al l0ll) ll rs uscd

ln vaflety of food Products (cheesc, puddlngs, darry desserts' sausages and paltlcs)' cosmctlc

crcarns, shampoo, toothpastes and air freshener gels due to lts cxccllcnt phlstcal lunctronal

ffi;."".p*r1", b"*d - crriage.narvcraphcnc oxlde lot Lnvrronmcntal Apphcalron
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propertres. such as

Campo et al , 2009)

gelhng, thlckenlng. emulsifylng and stabllulng abrlltles(Vancssa I cllla

Tablc: 2. DilTcrcnt n.turrl rdsorbcnts for th. rcmovel of Pollut.nts

2008)

ooet

009)

l

l97l)

lreTl) 
i

19711

cqd. l9q.l)

hhasLar e/ .rl .

Adsorb.nt Pollut.nt reEoved by

rdsorption Proccss

Refcrcnc

Kaohn Crystal Vrolet D)e (Nandl eI .r/ - l

Bagasse charcoal Acrd blue dyc l5 ( l)cmlrbas

Ground shells charcoal Acrd bluc rcd I 17 l)cmlrbas 2

Redwood bark Cd. Pb (Randdll e/ .t/

Plnus plnaster bark Cd, Cr. Pb (l(andall ct al .

(Randall ct al .

Vrsconcelos & B

Black oak bark Cd. Pb. Hg

Actlvaled carbon Pb

Waste tea Cd, Cr (Orhan & Uu)uk

1993)

lbrhan & Iluy uk

19S3 )

Walnut shcll Cr. Cd

Chrtosan Cd. Cr. Hs, Pb (Jha g/ .r1 , 1988. M

197.1, UdalbhasL

1990)

Chitin Pb (Mas ct al .

(Masn ct al .
-range peel (uhrte outer skln Cr

Orange peel (wl[te rnner skrn) Cr (Masfl ct al

l

l

currsor. I

gungor.

971)

s71l

t97l ) -
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ln addrtron lt has been e:\tcnslvely used ln pharmaceutlcal lormulatlons(Ghanam &

Klernebudde, 201I) Besides lhrs. lt ls galnlng a gleal rnterest ln stud)lng blologrcal bchaltor

and rs rdentrfied as cffcchve and specific compound for antttumor, antlcoagulant and antrvlral

actlvitres It rs also proved as al effictent polysacchandc agatnst HIV lransmrssron aftcr chemlcal

modrficauon or after coupltng wlth anhvlral agents (Bucl' 2006) Studres pro\cd that thcse

polysacchandes can be also used as prototype for novel therapeul:c agcnt that rs c\Pccted lo bc

more cffrctcnt and less loxrc than the cuEent chemotherapeutlc agcnts(Lr et al 201'l)

Dcpendmg upon the chemlcal structue and propertles carageenan arc dtr'rdcd rnto dlffclent

types are classrfied rnto i, (lambda), K (Lappa), i (ro1a), U (nu)' p (mu) and O (thcta)(V L

Carrrq et ol ,2009) Dependrng on the position and numbcr of sulphale gouPs' and phl rtccr-

chemlcal propertles, cg vrscosity and gelatlon chamcte sttcs' the most pre\alenl and

commcrcrally attractrve types of carrageenan arc kappa (l sulphatc group) rota (2 sulPhate

groups) and lambda (3 su)phate groups) carragecnan(Sanlalta er a1' 2006) lhe structure oI

kappa canageenan rs glven ln figure 3

2,2. Crrregccnan Extr.ctioD Process

The dtfferent steps tnvolvlng rn thc extractlon of k-caragc!-nan arc gllcn ln thc figure 2

In a typrcal ptocess, specle of euchcuma. hyp-nea' chondrus and lurccllana arc uscd as a rar,

matenal Once they are recetved from harvestmg locatlon the) ale sun bleached to drl

complctely and then dlrectly sent to lhe processlng locatton llefore shlpment the) arc subjccted

to test extEctlon ln order to assess the qualtty of extract Other factors such as contenl5 ol

motsturc, salt and sand and non carrageenanoph),tes ale evaluated ln thls stage Depcndmg upon

the tcxtue ofcarragcenan, thc dnes seawecd ls treated wlth 5-l0oZ NaOII tbr a panlcular t'mc at

a temperature of 80-90 'C 156n. 15s 564weed ts sublected to bolllng l'urnace and tts crttact rs

collected m an evapoEtor m ordel to reduce the gel volume After hot extractron filtrate ls agaln

evaporated to reducc the volumc of filtrate whlch ls thcn extrudcd lnto cold 1- I 50 o KC I solutlon

through splnnerets The gelled threads formed are then subjected agarn to \ashrng \\(h KCI

soluhon and are thcn dehydrated by prcssing method Thc dncd carragccnan ls thcn mllled lo get

k-carrageenan powde(PraJaPatl et al . 2014)

u.p"l]-.. ""r""".p"** 
bascd on Carmgccnar/Graphcnc oxlde lbr En! rronm'ntal n pplrcalron 11
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Carragcenan forms thermoreverslble gels and have htgh vrscosltl \\hlch malc thcm ldedl

lor rndustnal and economlc use The prescnce of cattons controls the gelatlon propertlcs ol thls

bropolymcr and its physlc-chemrcal propertles depend on the molecular *ctgh1 and chemrcal

structure(Yermak er 4/, 1999) Canageenan nanocomposltes have been wldcly uscd lor drftcrcnt

appllcatlons that are glvcn ln table 2

Polysaccharidcs l*e caragecnan have attacted an lncrcasc lnteresl becausc of lts

propenles ltke they arc cost effectrve, blodegradable, bto compattble and rcn$rablc(Mahdar rnta

& Mosallanezhad, 2016) It has been used in thc form of nanocomPosrtc\ for a \anet) of

apphcanons Some of thc nanocomposltes are glven tn tabte J Bccause of thc eeo-lncntJll

naturc of the carageenan, the present study was deslgncd to slntheslze canagccnan bascd

nanocomposrte le Carrageenar/Graphene Oxlde nanocomposlte for the removal ol dlcs

Besrdes rts exccllent propcnles, lt has some drawbacks such as lolv'ueathenng reslstancc' rdpld

drssolutron ln water. poor mechanical propertrcs and low rhermal prope() (N1ehmood c/ rr/'

2007) Bccause of lts Io\* thermal property and thc propcrty to dlssohe readrll tn Batcr'

carrageenan is incfficlcnt to remove the pollutants ftom v'astewatcr as htgh tcmPcrature tlould

mclt them and r,dl destroy the structure Thereforc' k-carragccnan necds to bc chemlcall!

modlficd Many mcthods have been reponed to modrfy the bloPolymcrs uhrch rncludcs such as

crossltnkrng, formlng comple\es arld gmfl copolymers(Ngah eI a/ ' 200])

Among them' crossltnLtng ts found to be best mcthod to lncrcasc lts stablllll ln

harsh condtttons such as low and hgh tempentwcs' to plelent lts raprrJ drssolutron tn tr'alcr and

Iow pH(Sagbas et ol , 2Ol2) ln order to enhance the reslstance of c'rragcenan rgdrnst

tempeEture. pH. and to prcvcnt dlssolution ln water lt ls necessar) 1o he modtfied Some

reagents such as eplchlorohydnnc. gJutaraldchydc. Trr Ilthoxy O(ho Srllcatc and cth]lcnegl)Lol

drglycrdyl ether rxere used to modl fy carragcenan( fhnmau llhana et ol )O1O) Among them ln

Iithoxy Ortho Srhcate (TEOS) ls a well krown crosslrnker lbr polysaccharrdcs It rs rccognlzed

as an efficrcnt coupllng agent to enhance thermal and mechantcal proPcrtlcs uscd ln composlles

and adhesrve formulatlons(Brbr et ql .2015) It contarns siltcon' whlch rs capable of lormtng

chemrcal assoclallon between dlssrmllar substanccs(Kamal el al .2016 ) The gcncral stru(lurc

of l EOS rs glven m figule 4 Thc mcchantcal strength can be rmpro, cd b) rntroduclng a nano

filler such as Graphcne. Carbon Nano Tubes (CNT's)(Blbt ct al ' 2015) The dLldrlron ofnrno-

ffir"p"l) 
". "-""" 
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filler not only rncreascs the mechanical strenglh but also lmproves the rate and dyc adsorptron

capaclty

Sun Bleachrng

Seaweed

(Euchcumr,Hyp-Nce, Choodrus' Furccllarie)
+

+

Alkah Treatment

J
Washrng wrth KCI

+

Hot Extmctlon

J
Frltratlon

I
Gelltng

Cuttrng

+

Kcl Prectpttatton

+

Gel Process Evaporahon++
Hvdrauhc Press Kcl Precrpltatlon

| 1tn l-l 5oo KCt Sotn I+l
Dryrng Chamber WashrngJ+

Mrttrng Prcss or Freeze ThasJ+
CarrageenanPowder ChoPPrng,

t
MrlLng

+
Carrageenan Powder

Figur.: 3. Flow chrrt of c.rrrgccnrn manufrcturing

;Flym., ^"t*..p.*"t 
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Reccntly, Graphcne has bccn uscd as an cxccllenl nano-fillcr ln Yanous nanocompo!!tcs

For example Yan et al (2o14)reported the iltroductlon ofgraphene ln the chltosan btoPolymer to

rncrease the mechanlcal strength and rate of adsolptlon ol Copper rn the stud) of Adsorplton

behavror ofcross-lmked chtosan modlfied by graphene oxtde for Cu (ll) remo!al

Graphrte contarns a natural baslc burldlng block known as graphene Craphcne has tal'cn

a grcatcr mlcrest tlccausc of lts trcmcndous properties llke unlque struclule lo\\ cosl_ lnduces no

toxtc cffects and extraordinary clectrontc and mechanlcal properttes(Lor) ucnlong ct a/ . 10J3)

But rt has a drawback that lt forms agglomerates, whrch leads to lnsolubllll) r'htch rne'ltabl)

affects the dispersron ofgraphene before tntroductton tn graphene based nanocomposrtcs(Krolo\\'

et al ,2011) To overcome thls problem Craphene Oxrde (GO) can be uscd as a norcl adsorhcnt

whrch can be syntheslzed from low cost graphlte lt possesses htgh $atcr solublhl) and l'rrgc

spccrfic surface a.rca bccause there are large numbers of ox)genous groups lrlc hldrorll'

carboxyl. epoxy on thc graphrtrc backbone ofGO(Zhao et dl ,2011) lhc structurc ol graphcnc

and graphene oxtde ts grven ln figure 5 The compahbrlrtl ofcanagccnan ullh Go rs lound to be

unsatrsfactory because of the non_homogeneous drsperston of graphene ln thc malrl\ and thc

ucak rnterfactal rnteractlons bet\,leen the graphene and the matrl\ I o o\ crcome thls problem'

functronahzed GO (f-GO) can be used as nano-fillcr m thc btopolymcr malrtx(l-r cl o/ ' f015 )

Dunng past scrcral years, the dtsperston and lnterfacc of GO t\lth thc bropollmer

matrlx has been tmproved by usmg vanous surface and functlonallTallon lechnlques r\mong

these treatmcnts, stlanc coupltng agents have gamed morc lntcrcst bccJuse ll lncrecses the

drspcrsabrlrty as \lel) as strengthens the lnterfactal bondtng between graphene and matrlx(\tr'an c/

a/. 2014) Gcncrally, the functlonal groups such as ethylcnc. amtnc eporl thloh'dro\) prcscnt

on thc GO surface covalently bonds wrth the polymer malnx(l-r ct al , 2015)' thus lcadtng to

cnhanced properlres ofcafiageenai and GO

Constdcnng thc cxcellcnt adsorphon ablhly of GO and good stablltl) ln Balcr and duc k)

thc presencc of sulphale groups prcsenl m carrageenan lt ls c\pccted that the lrossllnl'ed

carrageenan/f-Go wlll be a super adsorbent In tnltlal $eP. the cross-llnked carragecnan

beadswcre prepared and thc prcparatlon condltlons were optlmlzed In the preLmtnary rcport uc

have Investrgated the preparatlon of crosslmked c,uragecnan. characten/auon of carrageenan

beads

B.poly-"*"o-posltcs bascd on Carmgcenan/Gnphcnc oxrdc for Ilnvlronmcntal n Pplrcatron 14
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Figurc: .1. Structurc of C.rrrgccn.n

H

H- ,l -H
n- !-n

I

o
I

-o-st o-
5

,,- !-,t
H- u-ll

ri

Figurc: 5. Structur. ofTEOS

Graphene Graphene oxide

Figur.: 6. Structurc of Grtphrn. .nd Gr.phGnc Oridc

ll
:tl
IHH

l-r

H- C ,]
rlHH

'/j
s. _:

B.pol)"""l. ,-o""rp"srtcs bascd on Carragcen.r/Cr.phenc o\rde for En\ lrormcntal '\pplr!atron
15



Iriti.tor/Cro!rJinkcr used

K'Solutron

Glutaraldehvde

.;-Canageenan coated
magnctlc rron o\lde

Kappa-carragecnan-
g-poly(acrylaJnlde/

seprolrte

Mcthylenebrsacrylamide
and ammonlum pcrsulfate

Llterature Revrew Chapter 2

Tabl.:3. Comp.r.tivc studics showiDg cr .gccnan compositcs for diffcrcnt applic.tions

Nrnocotrrposit. Ch&".ct"rD"tl""I-Apt,tt""tl- i -R.f"..nc"

CA,RGO

l\'lagnetrc [,appa-
canagcenan?VA

Mrcropartrcles of
|CAR and

KCAR

CarAlg/MMt

Canagecnan/poly
(r rnyl

alcohol)/montmorillo
nltc

UV-vrs
spcchoscopy,

FTIR, SEM, and

Ad;.pu", ]

ofNleth)lenc
Bluc

Zheng et al .

l0t 5

TEM, SEM,
XRD, TGA.

VSM

SEM, XRD
FT.IR

Adsorptron
ol Crystal

blue

Mahdarrnra et
al 201.1

al l0li

Remoral of Nan,ilret Jl .

\lctoprol-rl :uls
from

aqueous
samPles

eo-.r,r.n- N,ralA;r 
"*r cl lAcrylarnrde (AAm).

meth) lenebrsacr, lamrde
(MBA). and ammomum

persulfatc (APS)

TEM. SEM
XRD

FTIR. SEM.
1F]M. TGA

F] IR. SI]M.
XRD. TEM

ol cq stal
vrolet

F] IR. TGA,
SEM. XRD. VSM

Rcmoral of Salgucrro ct al .

mcth) lenc :01i

M.".p*, t \{ahd.rrrnu and i

Asgarr l0l3

Rcmo.al ,'f I Ilossclnzadeh e1

il l0l5crr stcl r rolct
dyc

oI crystal
!rolct
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Nenocomposiic Initietor/Cross-linkcr uscd Cherrctcrization Applic.ho

Ad*.pt,o,
oI N{eth} ler

Bluc

Carra./ Na-MMt Acrylamtde and

Methylenebtsacrylamtdc

SEM, XRD

K-Caurageenan-g-
poly(methacryhc

acrd)

Mcthylenebisacrylamrde FT-IR, XRD.
SEM- TEM and

VSM

Cr)s1al
Vrolcl

,rdsorplr(

Carragcenar/ sodlum
montmonllonlte

Mcrhylcnebrsacrylamrde XRD, FI-IR.
SEM. TEM

Adsorptro
ofcry stal

\ lolet

Canagecnan grafted

copolymer wth poly
(vrnyl alcohol)

Potasslum
persulphate

ATR-FTIR.
tenslle stren$h.

elongatron at
breal, swellmg
ratlo. contact

angle

Graflrng

caIIageenaI,/sodlum
algrnate hydrogel
nanocomposrtc

K*/ca" rons TEM. SEM, EDS,
XRD. l"llR. and

VSM

Drug
Dcllcrr

Adsorplro
ofNlcthtlc

bluc lrorr
aqucous
solutron

Magnctrc K-
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Llterature Revlew Chapter 2

and study ofparametcrs such as contact llmc. lntttal concentratlon of crystal vrolct and adsorbcnt

dosage for thc adsorptlon of crystal vrolet Accordlng to lrtcraturc rc\rew- crosshnkcd

caEagecnan beads have not bccn reportcd so far In thc second phasc' carragccnan/f-Go

composlte rs prcpared to checl the ma\lmum adsorptron of crYstal rrolct lhc \lructural

propcntcs of composttc are charactertzed by lnfrarcd spectroscop) Ihc slnthcsl/cd carragccndn

bascd narocomposttc ls expectcd lo be an et'Iiclcnt adsorbent tbr thc rcmo!al ol !r\\lJl \lolcl

dye from aqucous soluttons

B.polyr", n"no"o.posrtes bascd on Crrragccnar/Grrphenc o\rdc for I n! rrcnmcnlal Applr!alron 1B
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Matcials and Mcthod Chdpt.r 3

The present methodology ls deslgned to sy heslze an efficrent. cheap and brodegrad'rble

adsorbent for thc removal of catlonlc dye lc crystal vlolet Thls chapter urll dcscrthc the

detarled synthcsls of carrageenan based nanocomposlte, lts charactertzatlon technlques used to

analyze rts properlies aid adsorptlon models applied to descnbe the trcnds ofadsorptlon proccss

3,1. Reegents and Materials

For the prcpamtlon of carragccnan bcads and carrageenan-based nanocomposlles

czuragccnan lras purchased from Srgma Aldnch, Crystal Vrolet ftom Mrcko lndustrtal Chcmtcal

Co and synthctrc graphitc from Sigma Aldnch All other chemrcals used *erc anall'1rcal gradc

reagents wlthout further punfi cahon

3.2, Synthesis

3.2.1. S)rth.srs of cross-linkcd c.rrrg.ctr.n b..ds

I g of carrageenan powder was dtssolvcd rn 30 ml ofuatcr at 80o C tcmPerature lbr 1

hour Ftnal volumc after complete drssolutron was 20 ml 4 ml carragccnan solutron rras laLcn tn

a syrrnge and was droppcd rn 5 ml ethanol for hardentng of beads (Qr beads) lhe hldrollzcd

TEOS (1200 pl) was addcd slowly rn Q: beads The beads were poured rnto drshcs and thcD

dned for 2 days. The beads \4ere further treated to check thc stabrht)

3.2.2. Synthcsis of Gnph.nc oridc

Graphene oxlde *as prepared by tmproved Hummer's Method (Paulcham! d/ ai l0l5)

ln a typrcal procedure, first of all $aphlte was Purrfied by takrng 8 ml of tlCl and l5 ml of rrater

rnto a flask contalntlg graphrte (1g) The mlxture was stlrred at room tcmPcrature lbr 25-i0

mmutcs and then decanted \!lth dlsllllcd Pater unnl pH reaches to 7 and color changes to

srlvcnsh black, In the second step. thc erpanded graphlte \las ortdtzed to Sraphllc o\ldc

followcd by mrxtng expanded gaphrlc rnto 40 ml of tl:SO'r and 3 9 ml of l lll'Or (s l) lhe

mr\ture was stlrred for 30 mrnutes on tce bath at o "c After 30 mlnutcs. qhcn the temperolure

*as rarsed to 5'C KMnOr (l 8 g) was added and shned for 30 mlnutcs l)rslrllcd \\rter ( 10- 15

ml) was added lnto the mlxture and stlrred for l5_20 mlnutes at room temperaturc untll lts color

changed to reddtsh broum Then, the flask was sealed and mlxture was borled al 100'C Ibr l

B-p"lyr* r-."".p"t,t* brsed on Crr.Scenal/Grtphcnc oxrde for Envrronmenldl Appllcatlon t0



Matcflals and Mcthod

hours untll slury was formed and the color changcd to brlght yello\\ I hcn 15 ml of Batcr \\as

added followed by the addruon of 3l%oHzOt (4-5 ml) and strned lbr 30 mrnules al room

temperatwe. The solutlon was allowed to seftle down and upper clear half $os decanted Alier

that. 20 ml of HCI and 50'60 ml of HzO was added mto the mrxture and $as strncd lor 30

mlnutcs and room temperature ard agaln decanted unhl pH reached to 7 I hc (iraphcnc t)\lde

,,\as filtcred and dned

3,2.3. Synthcsis ofTEOS functionrlizcd Gr.phcdc oxide

200 mg of GO powder and 120 mL of cthanol wcrc added rn a tlasl and \dnlcated lbr I

hour to form a homogcnous solutlon The pH ofthe solutlon was ad.;ustcd to aboul i-'l \!lth loqo

HCI solutron. 20 ml of ethanol and 0 6 g of lEOS (666 pl) was mrrcd unrlbrmll und added

slowly rnto GO solutlon After, 12 hr sonlcahon at 60"C. the producl was \\3shcd \\rth cthanol

many (lmes untll all the uffeacted TEOS \ras rcmoled and thcn )t \\as drrcd (ll ct al ' l0l5)

The schematlc flow dragram ofTEOS funchonallzed Graphcnc Oxrdc 15 91\ en ln ligure I

3.2.4 Synthcsis of crrregccnrn/Grephcnc oxid. nanocomposlt'

In the synthcsls of carrageenan/Graphene oxrde nanocomposltc lg carraSeenan po\\der

was drssolved rn 30 ml drsrrllcd r atcr at 80"c tcmperaturc for t hour and 0 0lg l'uncllonallzed

Co (f-GO) was sonrcated for l8 hours After complete dlssolutlon ol'carrageenan' the sonrcatcd

l'-GO was added drop by drop tnto the carrageenan solutlon It $$s allowed to \ttr ibr an hour

Aller sllrnng. thc solutlon was agaln sonlcated for an hour The canageenan/f-(io solutxrn was

poured lnto the synnge and was alloued to drop lnto the cthanol Then 100 pl ll OS $as added

drop by drop rn thc beads. Tte beads wcre pourcd lnto dlshes and then *crc allorved lo dr1 1br 2

days The schematlc flow dtagram ts gtvcn tn figure 2

3.3. Characterization Techniques

Followlng tcchniqucs were used to chamctenze the synthcsrzed heads

3.3.1. FT-IR SpcctroscoPY

Foufler transform lnfrared spectroscopy (FT-[R) rs a technlque used to anal)/c the

structure ofthe composite FTIR specra were obtalned uslng a Nlcolct 8700 FTIR spcctromctcr

Chaptrt J
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( l-hcmo Sclenttfic lnstrument) usmg germanlum crystal The IR spcctra t\crc oblalncd at thc

resolutron of 6 cm-r from 500-4000 cm-r(Blbl et al . 2015)

3.3.2. Thcrmogr.vimctric Anrlysis (TGA)

Thermogravrmctric analysts ts used to study the thermal behavtor of thc composrles

formed The thermogBvlmetrlc analysls was performed a Meftler I oledo. I GA/DSC star s] slom

undcr nltrogcn flow (5oml/mln) Expcnments wcrc carrlcd out at a hcatrng ratc ol'20 'Ci mln

from 80'C up to a maxrmum of675 'C (Kamal ct al , 2016 )

3.3.3. Ramen SpcctroscoPY

Raman specfoscopy ls *rdely used to charactenzc crystal structurc- dlsordcr and delecl\

rn graphene-based materials Raman spectra were taken at roon tempclaturc undcr amhrcnt

condthons uslng Renrshaw in vra RamaD mtcroscope \\lth 532 nm (Dtodc purnp \ohd DPSS)

gre€n laser. Charged couple devrce detcctor \{'as used to obtaln thc Raman sPeclra (Brbl et 'rl '

2015)

3.3.4. Scanning Elcctron Microscopc (SEM)

The rcsults of SEM were obscrved uslng a JEOL, JSM-6'100 scannng mlcroscopc

Bruker silicon dnft EDS detcctor coupled wlth the SEM was used to rn\'cstlgatc thc chcmrcal

nature ofthe sarnples Thc samples rerc analyzed at dtfferent magnrficatlons (Blbr cl al 2015)

3.4. Experimental

3..1,1, Swclling m..sur.mcnts

I)ned canagecnan beads werc used to deteminc the degree of suelltng (irallmctnc

method was used to study thc swelling behavtor ofcarragccnan bcads lhe percentagc dcgrcc of

swellrng (%o DS) was determrned by tmmersrng thc beads (0 5 g) In dlshllcd \ratcr and dllotred

to soak at room temp€ratue for 24 h Thcn. they were remo\ed and blottcd \\rth filter papcr to

removc surfacc water, werghed and the 7o DS was calculaled uslng

ChdpLor i

Ws-Wdo7op5=-x100

g.p"ly... 
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Matenals rnd Mcthod Chaplcr 3

Where W, and Wd arc the wcights of the samples swollcn ln watel and ln dr) statc. respectlvcl)

(Mahdavrtua e/ a/ . 2014)

3.4.2. Prcp.rrtior of stock solution

O 0l g of Crystal Vlolet dye was dtssolvcd rn I L ofdetonrzcd uatcr to prePare the \tock

solurion of 100 mg/L The othcr solutlons wcre succcssNell dlllutcd \\lth dliGrent

concentratlons The pH ofthc stock solutlon was adJusted by ustng I 0 mol/l- IICI or I 0 mol'l-

NaOH (Yan et al . 2014)

3..1.3, Dyc adsorption

Dye adsorptlon was camed out by rmmersmg 0 05 g ofbcads lnto loml ofdlc solutton

wrth 10 mg L-l of CV All adsorption expcnments were examrned through a batch mcthod on c

shaker wtth a constant speed at 140 rpm To study the adsorptlon kmetlcs' at spcclficd tlmc

rntervals. the amoufl of adsorbed CV was evaluated ustng a UV spectrometer (UV-1201 U\'-

Vls-spcctrophotomctcr. SFIIMADZU) at L* = 590 nm I'hc contcnt of adsorbcd dyc \\as

calculatcd as

co-Ctot=_xV

Where, Co 1s thc mltial CV concentrahon (mg L-r). C, rs thc rcmarnrng dyc conLcntrnron

rn the solutron at trmc t, V ls lhe volume of dyc solutlon used (L)- and m ls lhe "crght of beads

(g) Adsorphon rsotherm was camed out by rmmersmg 0 05 g of the beads lnto l0 mt of d1c

solutions wrth I0.20,30.40,50,60,70 and 80 mg L-' of CV l'hc cqurhbrrum adsorptron capacrt)

of nanocomposltes. qe (mg g_l), was dcterrnlncd uslng above mcntloncd cquallon ln thls

cquatlon, the Ct and the qt are replaced wlth equlhbnum concentratlon o[ d)e In solutlon (Cc)

and equrltbnum adsorphon capaclty (qe), resPectlvely (Mahdavtnra e1 al ' 
201'l)

To evaluate the effcct of PH on the adsorptlon capaclty of bcads the pll of lnlttal dl c

solutions was ad1usted by adding drlute HCI and NaOH soluttons

@ecnan/Gr.phencoxldcforEn!lronmcntalAppllcatlon
t'l
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I

Figure: ?. Silenc tuoctiouliz.tion of Gr.phenc

Figurc: E. Sytrthc!ir of c.rr.gccnrn/f-CO compositc
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3.4.4, Adsorption kinetics

Adsorptlon kinetrcs as a useful informatron on the late of dle adsorptlon can bc

consldered as an rmportant factor for propcr dcstgn of adsorbent (LIu & /hang, 2007) lhc cllccl

of contact trme on the adsorpuon of crystal vlolct on beads !\as In\cstlgated Tlc c\Pcrlmenlal

klnctic data \rere analyzed by pseudo- first- order and pseudo-second-order models Thc pscudo-

first- order equatlon ls descrrbed as below (Dat el al '2011)

Ln(qe-qt)=Lnqe\-k7t

Where qe and qt (mg g'l) are the amounts of adsorbcd dye on thc bcads at equlllbrlum and at

trme t, respcctively qel and kl (minl; show thc theoretlcal cqulllbrrum adsorPlron und rale

constant of pscudo-flrst-order klnehc. respechvcly

Also. ktnettc data were analyzed uslng thc pscudo-second- ordcr model (Dal cl al :011)

11t
q!= krqer- qe,

Whcre k2 (g rng-' .rn-') ls rate constant of pscudo'second- ordcr Lrnetlc and e1c1 rr the

theoretrcal adsorbed dye (mg g-r)

3.5, Statistical Analysis

l_he adsorptlon parameters such as contact tlme' pl{, concentratlon ol'adsorbate and amounl of

adsorbent wcre also obsencd b1 mean ard slandald devlatlon

B.polyrer n"no"olnposrtcs bascd on Cafagecnan/GnPhcnc oxlde for EnvlroDmental Applrc'rlron ]5
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Results and Drscusnons Ch4ter 4

4.1. Synthcsisendcheracterizetion

The crossllnked carrageenan beads r\ere prepared by ex-srtu crosslnklng of carrageenan

beads FT-IR results show the successful Interactlon of pollmer charns of carrageenan \uth

srlanc groups of 'IEOS Thc paftal posltlvc charge of srlane lnteracts *1th the sulphate goup of

carage€nan polymer charns and thus leadlng to successful crosshnkrng o[ canageenan beads

Frgure I and 2 shows thc schematrc mechanrsm of crosslnkrng of carragecnan beads and CC,/f-

CO beads respectrvely
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4,lCharacterization Study

4.1.1. FT-IR spcctre

The FTIR spectra of prlstine carageenar powder arc sho\\n ln igure 1 Carragccnan

exhrblted chamctenstrc peals at 3255 cml and 3393 cm-lshtch,rrc due lo O-H strelchrng lhc

appeared at 2935 cm-l correspond to CJI strctchlng vlbrallon of alkale groups tn the

c.[rageenan pollmcr charn A peak at 1219 cm-r ts attnbuted 10 sulphatc cstcr groupr of

caEagccnan A peak obsened at 926 cm't conesponds to fie l-6 anh)dro- l) -galactosc and a

charactcnstrc peak obscrved at 842 cm-l is duc to presence oI Salactosc-'1-sulphatc group

Srmrlar resulls were analyzed by Mahadrvrma et al .2015 ln thc stud) kappa-Car.rgeenim beads

as new adsorbent to remove crystal vlolet dle ftom water. adsorptlon klnctlcs and lsotherm

Frgure 2 mdrcates the FIIR spectrum of carageenan bcads $lthoul crossllnktng (Qo) and

carragcenan beads after crosshnklng wtth l200pl TEOS (Qr) fhc spcctrum of Qu bcads shoss

the charactcnstlc peaks at 2920 cm-land 2853cm-1 which lndlcales the prcscncc o1 C-ll

sfetch ]'he Q2 pcak shrfied towards left at 1622 cm't lndrcatlng lhe presencc ol \trctchlng

rrbrahon ofC:C ofthe unoxtdtzed sp' CC bonds uhrle the Q6 peaL at 1581 cm'l Indrca(c\ lhe

presencc of C-C stretch The Qz peali at 1030 cm-rlndlcates the presence of Sr-O C lrnlage

lndrcatlng the successful crossltnkmg of carragecnan beads The pcals at 925 cm I and 8{l cm I

arc attnbuted lo the 3,6 anhydro Galactose and q ( 1-3)-D-Galactosc hnkagc $hrrh drc pre5cnl ln

both Q" and Q, beads

FT-lR spcctra of GO and TEOS funcnonahzed GO arc prcscntcd tn figure 3 lhclllRof
GO shows that peak appeared at 1712 cml rs the charactenstlc bond ofthe C:O slretchrng modc

ofcarboxyltc groups ofGO The band at 3687 cm I ls attnbutcd to strctchrng \ lbratlon of Ollof

hydroxyl group The appcarancc of band at 1616 cm-lts asstgncd to the slrelchlng rlbratton of

C=C of the unoxtdtzed sp2 CC bonds The peat al 2354 cm I rs corrcspondlng to thc \trctchlng

vrbrahon of C-H group The peaks located at 368'7. 1712, 1616 and 235'l cmr tn the CO

speotrum rndrcatc thc prescncc of OH, C:O and C-C) strctch rcspcctl\cly uhrch suggcsts thc

exrstence ofhydro\yl, carboryl and alkoxy groups on the surface o[ (;O

Chapter +
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Aft9r functronallzatron ofGO wrth TEOS. thc band at 3687 cm'l bccamc wealer and t*o

new bands at 3062 cm-r and 2972 cm't appcar concspondrng to thc stretchlng ol {ll: groups

from allyl chams assrgnlng to the srlanc moletles ofsllane functtonaltzcd GO The appearancc of

band at I028 cm-l rs asstgned to the SI-O-C bonds, rndrcatmg the succcssf'ul llnctronallzatlon of

GO Srmllar results were found by Yan et al , 2014 m thc study "Mechantcal propcrlles ofepo\)

composites I'illed wrth srlane-functionalzed graphenc ortde"

4,1.2. Thcrmo gmvimctric rnrlysis (TGA)

TGA a[alysrs was conducted to test the thermal stabrlrt) of Co shcct Rcsults Bcre

sho\\r m Flgurc 4 'Ihrce stages were observed tn thc quallt) loss cure of lhc CO shcct Frrsrll - a

rougily 5% quality loss occurred at the tcmpcrature of 100'C. pnmarrll duc to lhe loss oiHrO

molecules rn the GO sheet layers Secondly. thc thermal decomposttlon ol rnstablc orvgen-

contalrung funclonal groups showed a roughly l57o qualrty loss' occurrlng at a tcmperalure oI

250'C Frnally, a 68% quallty loss occurred at 500'C was marnly duq to thc combustron of the

carbon skeleton

4,3.4. R.m.n spcctroscopy

Raman spectroscopy ts wrdely used 1o characlenze crlstal structurc drsorder and delects

rn graphene-based matenals lcuoa et al. 2012] Raman specta \\ere lalcn Jt rLx)m temperature

under ambtent condrlrons usrng Reusha* tnVra Raman mrcroscope $lth 5il nm (Dlode pump

sohd. DPSS) grccn laser Charged couple devtce detector uas used to obtarn thc l{aman speltra

ofGO Frgure 5 shows D peak ofGO located al 1346 cm-r. the G peak at around 160'i cmr and

2D peak at 2952 cm-l Slmllar results were found by Chrldrcs et al . rn 'Raman sPeclroscop) ol

graphene and related matenals" shoulng peak ofD-band at 1350 cm-l C-band at 1580 cm-rand

2D band at 2690 cm-r

4.3.5. SEM Anrlysis of GO

Frgure 6 shows SEM rmages of GO and chemtcalll reduccd GO Stnglc llakcr of GO

may bc obscrved Craphcne oxtde flakes have relattvely large surface (w(h thc cdgc of shccts

about the srzc of mlcrometers) and rts morphology rcsembles thrn curtdrn lhe\e p.[.[neters

lndlcalc very good cxfohatton ofgraphtte dunng oxldatron process

B'opolyn.r nrnocompositcs b.scd or Crrrrgccnrn/Gr.ph.n. ondc for Entrronmcnlrl Applr(etron 28
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Figurc: 9. FTIR spcctrt of c.rragccnan Porrrder

Figur.: 10. FTIR lpcctrr of Q0 .nd Q2 bcads
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Figurc: ll. FTIR sp.ctre of GO .nd f-GO
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Results.nd f)tsausslons
Chapter 4

{.,1. Swelling study

The bchavror o[ swelltng uas delermlncd by soakrng lhe carragecnan bcads tn dctonrzcd

water Thc dcgrce of swelllng marnly depends upon thc chcmlcal comPosltlon degrcc of

crosslrnktng and affimty ofwaler Thc dcgree ofswelltng was found 39 39 7o fhc flgrd slructure

of carragcenan beads restncts lls expanslon to uptake water Such a behartor ol carragccnan

beads can bc attrlbuted to strong lnteractlon of sulphatc groups and lncrcascd dcgrcc ol

crossltnktng and thus lcadtng to reduccd *atcr absorbency(Mahda!'lnra c/ a/ ' 201'l)

4.5. Adsorption studY

.1.3.1. EILct of pH on .dsorption

fhe pH of aqueous soluttons affects the rcmoval cfficlcnc) 01'adsorbatc b1 altcrtng thc

slructure and surfacc of actlvc sltes of lhe substrale adsorbent Itgrrrc 7 sho\s thc rcsults ol_

adsorbcnt removal efficrcncy wrth dtffcrent pH value of solutton It sas found lhat carraSccnan

beads sho\ cd martmum dyc rcmoval (17%o) at pH 7 'Ihc ronlc Pcndants drc complctcl)

drssoclaled at pH 7 ln actdrc medtum. ll also adsorbs crlstal llolct probabl\ duc to tncrcascd

rnteractron of sulphatc group wrth the catlonlc dye whrlc tn bastc envlronmcnt lhc rcmolol

cfficrcncy dccrcases and lt may aunbuted to OH- screcntng cffcct on sulphatc groups

Mahadrvrnra el ol . 2Ol5\ Becausc of thls behavlor. lhe synthesrzcd carragccnm bcads arc

consrdcred to be an cfficlenl adsorbenl to removc crystal vlolet dlc tn acrdrc and ncutral pll

4.3.2. Elfcct of rdsorb.t. concrrlrrtion

The adsorptton ofCV onto beads was cxamtncd wlth changc ln lnltlal dlc concenlrallon

by rmmerstng thc bcads In solutlons wllh concentratrons rangrng liom l0-l'10 mBI-r l{csults

shows that by lncreastng the CV concentratlon ln the dye solutlons thc ratc ol adsorptrttn br

beads was rncrcascd ard thcn reached thc maxrmum lcvcl at 140 mgl-r (l rgurc 8) lhrs lndrcatcs

that all the actrvc sttes on the beads have becn occupred ald becamc saturalcd and capaclt)

rcmarns constant (Mahadrvrnta et a/ , 2015)

Bropolymcr ntnocomposrlc! brscd on Ctrr.g..ntn/Crrph.nc orld' tor En! rronm'nlrl Apphcr(ton 32



Soedlak, H S (1994) Colonmetnc delcmlnatlon o[ carragccnans and othcr anronrc

hydrocollords wrth methylene b)uc Anollttrcal Chembtry', 66151J-4518

Stnckland, A F, & Pcrkrns. W S (1995) Decoloratlon of contlnuous dlelng \\aslc$atcr b)

ozonat()n Texl e Chefi$t and Color$l' 27,5'll

Tkrmawrthana. T R. Young. S, Dunstan, D E. & Alany. R G (2010) Icrlurc and

rhcologtcal charactenzatlon oI kappa and lota cafagccnan ln thc prcscncc ol countcr

rcns Corbohydrote Polymers E2. 69'7'l

tJdalbhaskar. P, lyengar, L, & Rao, A V S A (1990) Hc\a\alcnt chromrum Inlcractron \rth
chttosut Applrcd Polr-ner Sctence 39,739-747

Vasconcelos, L A T d. & Bega.C C G (1994) Adsorptron cqurhbna bclBccn ptnc barl and

scvcraf tons rn aqueous solutlon, Pb(ll) Europeon tl'aler Polluno ( ont'ol J 1l-51

Vcrma, A K, Dash, R R, & Bhunra, P (2012) A revteu on chcmtcal coagulatlon'flocculatton

technologles for removal ofcolour lrom textllc wasteuatcrs JrturnoI ol l-nvronntcntol

Manogement, 9J, I 5.1-168

Wan. Y -J . Cong, L -X, Tang. L-C, Wu. L -B , & Jrang, J -X (l0l'l) Ilcchanrcal propcnrcs ol

cpoxy composltes filled wrth srlane'functlonaltzcd Eraphcne o\rdc (bnlPo\tt!\ I'utl I

6t '19-89

Yan, Y. Wen-Qrn. W. Har-Hau. Z, Zhong-Yuan,Il. Trng-lrng Y.l{ur. L & \'a-l tr. K

(20I4) Adsorpnon behavlor ofcross'llnkcd chltosan modtllcd b) Sraphcnc o\rdc lor Cu

(ll) removal Journal ofcentrol South UnverstO of1echnolog' 2I 2i96 181l,

Yarg, X, lu, Y. Lr, L. Shang, S, & Tao, X -m (2010) Well'l)rspcrsed Chrtosan (iraPhcnc

Oxrdc Nanocomposttcs ACS ApPlrcd Moterols Inteda.es 6 170'7-1713

Ycrmak. I M,Krm,Y H,l'rtlynov.E A.lsakov,V V.& Solor'$a. I I (1999) Chemrcal

strlrcture and gcl propertres of carragccnans from algac bclonglng to thc (;lBartrnaccae

and Trchocarpaceac, collected from the Russlan Pacrfic coasl Journol ol 'lppltcL)
Pb'cologl I l.4l-48

Zhao. G, Lr. J, Rcn. X, Chen, C, & Wang. X (2011) l'c\\'Lalcrcd (iraphcnc Ortdc

Nanosheets As Supcrtor Sorbents for Hea\y Melal Ion Pollutron \lanagcmcnt

E trcnmental Scpnce Technologt, Ji. 10454-10462



Results and Dlscussrons Chapter J

Rcmovel clficicncy (7o) rt dilfcrtnt pH Rcrnovel GIfi crcncy .t drffcrent
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Resultsand Dtscusstons Chapter 4

.1.3.3, EIIcct of tdsorb.nt dosc

Thg effcct of substrate (adsorbent) dose on the adsorpllon lcrcl of CV dye ls studled and

results are shown ln figure 9 Thc amount of adsorbcnt vaned from 0 05 to 0 4 g and md\lmum

adsorption ofCV dye was obtarned at 005 g of bcads At a partlcular $erghi of005 g thc

removal efficrency by carrageenan beads began to level ofl thts behartor depLcts that wlth

lncrease ln the adsorbent amount thcre ls an lncleasc ln the lnstauratlon sltcs ofadsorbcnt I c all

thc actlve sitcs of carageenan beads are occupted by CV dye partrcles (Nlahadl\lnla c/ 01'

2015)

4.3.4. AdsorPtiotr Kinctic!

TIc ktnctrc of adsorptlon ts onc of thc many factors nhtch rcprescnls thc pollutaDl

adsorptlon rate and away to find the adsorpuon cfficlency Hence' thc contact tlme pcnod ol

beads and CV dye is an impoflant factor to dctcrmine the adsorptlon rare lJatch method uas

used to examtne the effect of contact hme The bcads were lmmerscd tnto 10 mgl- | ol CV dlc

solutton at 35'C The removal rate ofdye was tncreascd tn first l0 mlnutes then rcachcd at

constart level and marntatned the cqurlibnum level All the actl\e sltes of carrageenan bcads

occuprcd by CV ln first l0 minutes and became saturated fhe ratc constanl and equr)rbnum

adsolption capacity ofcarrageenan beads were statlstlcally analyzed bl pscudo-first-order Nlodel

ard pseudo-second-order Model The klnetrc data was analyzed b1 pseudo-lirst-ordcr model as

Ln(qe - qt) = Lnqel - klt

Pscudo-second-order model was also applied to cxamtne the klnetlc data b1 follotlng equatton

7t
- k2qe2' qel

It ls represented rn figure 10. data is not fithng best ln pscudo-firsForder model lt bcst

fits pscudo-second-ordcr model as seen ln figurc l1 It was found that plot of L/Qt agalnst t gr\cs

a hrgh correlatlon cocfficlent wlth RIO 999 whlch deptcts the bcst tiftlng of pscudo-sccond-

order modcl According to pseudo-second-order ktnetlcs' thc theorchcal cqullbrlum adsorptlon

capacitres are rn agreement wlth the experlmcntal data The adsorptlon tales placc through

qt
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Results and Drscussrons

va.nous stcps ltkc surface dtffuston, pore dtffuston or by adsorPtron on thc porc surl'acc al

sufficlent sttmng spced The graph between Qt and t^0 
t shows that thc lntra-pa(rclc drlluslon rs

not a mle lrmltlng step of adsorptron klnctrcs as lt ts nol passlng through a strallht hnc (figurc

t2\
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Pscudo-second-order Model
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Conclusron Chaplcr 5

Conclusion:

l'hc crossllnkcd carragccnan bcads and carrageenan/ graphcnc ortdc nanocomposttc sas

synlhesrzed by exstlu crossltnkrng method and achrcvcd stabllll) ln uatcr Crossllnl\cd

cafagecnan beads werc evaluated to remove CV fiom aqucous solullons lhc s]nthcsl/cd

crosshnked carageena.n beads wcre found efficrcnt for thc adsorptron of crystal \lolct dlc lrom

aqucous solutrons The rcsults dcprcted thal rt can absorb CV In \cr) lcss tlmc I c l0 mrnutcs

fhc cffect of pH on the adsorptlon capactly of beads was sludlcd and rt $as found thdl lt can

bchave eflicrenrly rn actdtc and neutral envlronmenl 
_fhe 

adsorptron capacll] of carra8ccnan

bcads was also dctcrmtned by varyrng thc adsorbent dosagc and ma\lmum adsorptron \{.ls

achreved rn lowcst adsorbent dosage 1'hc adsorptton hncrcs ol'dlc was also anullzed b1

pscudo-first-order model and pscudo-sccond-order modcl and pscudo sccond-ordcr modcl sas

obtarned best to fit expcnmcntal data The effcct of concentmtlon of CV d1c revcalcd lhal thc

adsorptron capacrty of beads tbr CV was efficrcnt lo remove ma\lmum conccntratron ol ( ! up

to 140 mg g'l Accordrng to above descnbcd rcsults, tt \ as found that carragccnan rs Jn clllclcnl

to remove catronlc dye such as CV rn lesscr llme wllh lol,! adsorbent dosagc

EDpolymcr nrnocomposrles btscd on Crrrr!..rtn/Crrphcn. otrdc for Enl 
'ronmenl.l 
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