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SUMMARY

'l!c mjn objetive ofou w* is 10 dcvelop @n etr@iile, hpid .rd .ffcicnr etid
ph6e eifo.lion nelhods util'zin8 indigcnous bioso$dh lik€ nulb€ny sawdust, omge
pel c!c. for !F ptletiholrio$, s.p€ftiiG ,rd d@Dtaoindior of roxic hara
ielals lik nict€I, cadmim and lqd wirh the potcnlial appticarion 10 envirom€olal

Thefi61chapterof rhisdiseltltion@sisrofabrief brodEtionof bio$rptionp €$
imludi.g tE tecl'njqB LEd for v!$.sttr trrdEot @r6ining haly rerrls. Ilis
chapl{ @nsisls of discusion of bio$rylion ed irs impolrane ov€r other D.orods. tt
f@ws on bio$|tents fq tlc @ovat of hay me|lts sp6i6caly uled in {!. tln rrc
dcc&des. Il also d€eribcs the aDDlidtioB of agricuttuEyfor€srry w6sbs or by_pro.tets
dd *wEl orhs bioedeors. 'nis cbrpra.le covc6 tbe Mldisms involv.d h rhis
p@€s i.cluding faclos which afl*t thk p@es, like pH, sorb€nt do*, @nl&t lim.,
initial melrl @ndrlliou, lemp.snrE, iotric $engrll eibent sizc dd agilalion dq
Th. €nd oI this chalr€r misr! of indigmudy avaitable bi$orbenb ed i!€ir mode of

It'e F@nd chapter f@us on a rhoough &d @mpEhcmrv. review ofde elcvst bui
I@nt x&nnft r€Pon d for lhc ler,EnG of r{sr.var.r @nlaininA hany Dellt io$
uirg a vriery ota€rjcultuE &@try by_pedrcr, or @&s,

'fta (hnd chlpGr oopris6 of aFrindr.i eeftods spplicd fo.lhe llmvrl of haw
h€tlls Birg indigenous bioerb.nts and $e e1lect of varous !@mcre$ tikc $llnion
pH, @nI!.1 dd sha&ing rinq e6e!r dosagc, inni.l n iat ior coNe ztiob sd
lenlcotlr_ Th€ conveBio. of biosorbals ido c€rbon ws cmed out in indhenou
ba'ch @br a|d v&ioB c!@ic{k s4 G.d ro.nlre lh. srp{i@ ,bitiry. ;oujcr
rdEfom i!ftdFd spftho!@py, sc4ning .l{trln njwtuly, ddgy drspmive x,ny
ed surfa.e ae ed poE siz anatrzq qw used for rhe cl@renanlon or biosorberti
The on@ ..iioB of hela hetats w€E delmined by alonio abd ion
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Th€ Iounh chdpler is @tEmed wilh cults md di$Nios of l[e exFrimoaal data

Th€ opetalional conditions lit€ pH, eibent dde, mnIlct dd shakilg ljm€, lenp€raturc

ed iniri.l melol @@ntatios sE optibi4d for ndinw eDtion of hanT oeilb,

'nE equilibdum $atio. d.t! ree fitlcd i.ro ttu n6t @mor ielh€m mo<tctl i...

Frcmdlich md Legnuir ed th€ coster pgmeteG for @h nod.l w€re evalulcd

fom the lincd foo of thqe nodch. Thc kinetis of n\€ $.!tion prcesss wee

d$ib€d Bins fou @mon lildic bodels i.c. p6.udcf4 p*udo*ord,
inrdp.rticlc diftuion ed Elovich nodcls &d the @ai.!t pdMet!$ for e€t nodcl

weF calcllded, Ihe eff€cls of @eristinS ions on the sorptio. procses rerc also

inv61igaLd. Th€ reCoedlion of invsrigated biosbents v6 @ied out Birc $v4al
deerbents, The pmposcd 6.thods w sppli.d lo El splq.

The pan Al of fouth chaper @nlists of cmpmliv. srudy of rlE soarion ofNi(tD
uinA silie gcl, dbqlit lR-120 ad s*dst Ir w ob6.n€d thlr l@imm sorylion

(98%) w &hisred ar pH 3 .nq €guilibErioo for 60 nin, €quilibnm $pdotr d!r! of
Ni(ID w@ Illied in to rEwdlich ud l$sruir modcls &d l)Him@ loadins @pacirid

(mg el) lor u:ree inv€sti8sr.d nll€isls ww fount io b€ )3.33, 25.19 dd 33.67

sp€riwly. Ihc srptio! dats *@ ate fified in fou kircric nod.l5 lit p*udo-fiBl.
peud''scon4 inlraganiclc difuion dd Elovich ed m fomd 0ut psfldcsond-
ordd is the best choie llnons thd. Desryrion of $e binded Ni(rr) w6 cdied our

bine vdioB dsrbedr sd B fourd dur sodim cltqide (3.0 M) shos efrci@r
Gdls. Sawd6r @ fourd ro be lte h6t motrg lh. lhrc Daiedats inEnieal€d for
tecoeery (97%, ed fi$ hs nor otrty the pornrial for pre@ne rarion md
d@damiDalion of Ni(ll) but sts fd lh€ Gs fo. de wc puPs.

'D'e pan ,A2 of foud chapr.r cmpos.d oflhc renovd ofNi(tr) fiod aqucou $lurion
us'ne ewdlsr carbon. llrc nulbqry wood sardusl w!5 convened into csbon lsing
indisoouly deeipe<l als ra.rol ed erplion clp&iiy for Ni(U) ws entarc€d by
chdicjl L@rndr wnn NaOg, HCt ed HrSOa. O! @dpqboq NEoH-acdral.d
saNdusl @bo. shoved .ffici€ol esutB mong rhem. Fori€r resfom inf@d
specftspy, &ming eldtron hi@c.py. .ner$, dispeBive x-6y ed lurftre ea ,r!d
poE s@ Myzer \N@ us.d for rh. ch@reddi@ of chaically slMled eldul
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cdbon (sDc) dd ch@i.dly rreLd swdust @bon (csDc).'Iltc effdrs of wioB
pamn€td lik€ pH. irilial n.tal @@.tr.$on ed cont!.t dm. on &rploa of Ni@) on

CSDC B@ srudied. MdinM % uptlk ofNi(U) (86.50 %) w achiewd at pu 7.0

aAer equilibBted Ior ?0 mh The b.!oh 3oryioo dala lw analyad by treudlich dd
tftcnuir modck and showd b.e ft into Ldsmuir model. Tie $rprion data w* al$

mnelated wit! kinetic nodels 6nd ws fourd 0r!t $c &l. follovbd psldo-sso -ord€r

IE p&1 Al ol founii chapter focus on the usc of wle t a lqv$ fo! th€ moval of
Nj(ID Aoo aqu@B solulion. 'nrc €lldt rcnp€ntue, pH. @ntacl dd shnlins rine,

erbent dose dd initial netal conqtatiotr o $rptioi of Ni(ll) uing es1c r@ l@v€s

w6 inresrisst€d in barcb cxpdinenr!. Th. Lalgnui model shows b6r fir into

eqnil'b.iD data s @npltd to Fr.utdlic,h mod.l ed luiDb $rl,li@ €!&ity w6
found ro b. l2O.5O nA g''. Thc ljrcdq ofrh. erprion dlr! shov€d b6161'nb p*ude

s@nd{rd6 nodcl 6 @npoEd ro th. otha .$lyzed Eod.ls. The s!onra@6 ard

exolhemic ndue of $c $ption p!l).6 s Ev.iled toh th€modtmic psm€16

srch d sland..d €trEopy, liE 4rgy &d dthalpy. Thc 6ultt shovrd tblr v6le te.
lav6 hav. ite locnrial !o b. !s.d a r low @st bio$rb6t for rh€ mvsl of Ni(ID

The pan B of founn ch.pld @Bists of @mp6r.tirc srption snrdy of !b(ID on eid
nodifed oMBc p€.h (AOP) aad @bo.iz.d otu8. F.h (coD in batcb mod6 aI

opd@u el'tion pH, conl&t ald shrFng tiDc, initiral metsl @Ihtradon and

r€mp@b&. The $iption of Pb(lI) on AO? &d COP *6 fomd to be srictly pH

dep€nd.nr ed mdinm upbl€ (100y0) ws ehi.v.d rr pH 6.0 sd 5.5 apeti*ly.
Bot[ F€undlich ed langmuir hod.l wE fitrd into .quifibnm dara dd rhe

momlay€r soDijon cap@ili.s ofAOP &d COP wE fomd !o b€ lO40 (ns s5 and

993.11 (rB g) usins !$snuir ilolh.m Gporivcly. It ws ob$Ned thqt psudo,

se.ond-odq mod€l ws best lined inio kinctic dlta as .omoaied ro olher rodels.

Tlrcrnody@ic p&me!e6 ACo, AHo ed AS. $€r€ dlcdared uing Vm r EofI
eqmlion qhich indicded rhar Pb(u) soryrion on rtudied lorbenls is spo nbus md

odolnmic in Dtw. t $!s obEwcd thd br€dedng ionr like Na', K., Me,., md Ca,.
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has noI afdtcd thc $rpiion ofP(II} v&ioB dcsbcnts M! B.d fd Fsc@r.tiotr of

lold.d e6cll3 ,!d w bund rhal HNor i! D! mn .6.icn1 &!on8 th.n.

'ftc pllt C of.hlplq fou.tb focu.s on th. cbovd of C(l(U) frln aq')ff elution

uing !.wd8t, m indpdBirc nd.ri.t, obtaincd iom mulberry $ood 8ftr iEdm
eit[ byd$chldic &id h bel crFibats !t opliDM colditio$. Ir!. uption of

Cd([) w bud ro t pH dc?@d6t &d EdinM bido(Plid rc ..lti.v!d d pH 6

.nd 30 nh shrtins. Th. tqin@ $ari6 (a..i9 of clenicslly lat d saqdBt

(CTSD) obt ircd frDm LrlsNir kdh@ s 403.?3 (mg S) for Cd(lD od lh.

cquilibriM &1! foloEd lrSout modd. Tt lisli. &h 3hos ['!t Fetdo.gond-
ordd nod.l (Rr = 09887) vs th. hcn choie @oEg tb. li!.tic Dodcls strdicd for

drsqipriotr of biqroryrion of C(U) o! CTSD. Tt .ftct of irtdfdi!8 ios (Na', K.,

Mgt'dd c!5 E dso rtudi.d &d t!.6ltr rhoeld rhat 6e p|!s€ of &* ioc
ha m .pgEi.blc cll@t on epdotr of Cd(ll). For dsPtior of rchir.d cd(ll), ais
.l@rs vw irvstisarld ud HCI (1.5 M) B fould to b. tlF mn.fferiw .Eora
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l.TNTRODUCTION

A nunb.r of tlditiolrl tedniqB like ion dclwgc, pEiPitalion' ch@ical Educlio!

dd oxidldotr, Iihalio4 evalontirc r.@v!ry od ddlrcch.dical tr6tli.nt e
mploycd for thc €noval of nevy neid ioN pesr i! @re*da Naqrhelds, bv

using lhse techniqu$ a loi of siou6 pbblcms have b€a 6@4 includtng in@nphrc

lmovd of n.Ll ionq requied.nt of .ostly instNmc dd rclAenb en€qv and lhe

dispossl of @le pddeis or roxic alud8. fo@ed .n r dalvsA To ovcMBe il*
poblms, w mctlFd5 bavi4 l!e@U. coct @ FquiFd for lh. Esrndt of

mtewaler c!trldning b€vy B.tsls to Gd@ tte @@tr!no6 of the Derlls ro

dvircMdlally .*Planb Lnis [-]1. Ahons s@h neltod!, biosrPtion la dtrM

er..t aftcntion @!tly dre lo ils low @3! high sotplive efroidcv, @vcling of 0E

bioerb€ds, ninibal volue ofthe Gnsdis ad !o requimenl of nuticnB [4' 5] IrE

t€ssirc upi6k€ of toxica s by biologi.illy imtivdd.ad nal€ials or bv mteials

dqive<l lbm biological $l!g is kmM s bi@lption [6]. On @nP&ien wiih othd

lahniqu.s lhe bi@tptioo ba rbe follo*ing .dvdags t7, 81.

. Tlc @tdials bave hish srp{ion 69acitid.

. The Ealaisls @ abudatly .wil&blc 6 by-pnductl or wl.s ed hav. low

cosr oi ile of @t.

. This so.plion pl\Bs is quick. suggeslins thar ndliving naleral acis 4 ion

. Thca h no n .d of spefic @ditioc.

. Minimm biolosical o cl@ical sl'dgc fqEltid

. The cxFEive go*lh nedi! is et tlquitd

. Th. physiologicd limiillid of livirg eUs harc m efl6t on thi3 F@sr'

. nE mdals cs be dBofted *ily duc to lhe rcvdibility of the p@$; therefoE

lhc Mt dds @ b€ 6ily @y.l€tl.



Materials d.dved frcm biolosi€l eu6 lilc din ls or pld.s ad u$d for tbe movd
of conlamiMrs de call€d biosoddb [9-14]. Mosrlr these na.dals have hid
clficiocy !o 

'enov. 
meral ioG fron vcry dild€ soluriou [5] fo. inslare ie hNk,

booe, crushcd esg shellr @non wade and pd 116l. O! [E b6ris of 6t, bi6olbd't5

ntay be divided in 1rc @tegories; low dd high @n biosorb€ds. fte mterials vhich re
di@tly @ll6t d frcm tbc ovitrm.nr d ildudd€q 6 by-plodwrs or *6sLs m
inctnded in rhl cal.eo.y !?l stdlc rhe meteri.ts, $tich propagde sp4i.lly for
bio$rption purpo$ @ be including in !@nd cdeco.y [l8l rbe @t@r.liion of
hcary nclal ios @ dsBed fom ppt !o ppb lqet d@ 10 high $rprion,roFdj€s of
$e bioerbcnts md $se mlciidls efEcihuy ed Epi.ny Enove h@!y neral ioB fbD
diluE @mpl€x elutioE It q 20, snd l7l. R*!rly' a nMbq of low @st dd abuldetty
available biosorbenrs like nce husk t2ll, agriculusl huk t221, rie oi ing [2]1, chaff

[24], wodr nalaials t251, @livat€d studse [26], rgriqdn@t hle bionN [27], elc.
h{ve b€c. itrvaligaied for rhe iJ€dndl of sEioatd @nlaining h€avy n.ral io6 {2E1.

rJ. Agricultunvfo6rry qsrq s bidorb.lrg

Simild lo syDuetic adsorbeds ed ioD qchrrgd., rte bionar.riats havc b.oa uscd fo.
ue Enoval of heavy metat ioru dE ro irs @s1 ed @ycting ability [29_42]. Recmtly,
agricullual MI€s or by-plldErt ti&e b6n F pirh. suflowr, pine bdk, woo4 D€at,

wtd be, wml etc. have Eeived n@h a[ention for the rr€rnenr of wasrewalers due
lo high sorption cdprcities, low .ost, abundd availabiljty, t $ k€ &d minie@cq
sily Ea€n@tion ard rdu.tior ofdispcat opqatior .€quir.d fo. ihe *Este mlrai.ts
[4345]. A nmb€r of asdtuhml by-prcduck sd vlsres havc ba €nployed tor tn€
@o$l of h.aia n Lls &on wars epls su.[ $ Fctjn_.ich e*le [461, sEpe s1!&
la4, oqlr?tu bet [48] Modnsa oreia.n bad( [49], d@ poriin t5ol, nc. huk t5ll,
co@nuli,es [52], re! w6t [53] €tc.



l.zl. M@hDi!D3 irvolv.d ib biNorptior pmei

DiII*nt m*hojss h.vc ben qpebd 10 b. in@lv€d in bidrylion Fr)6 drc to

$c @mpl€x sltucnrE of bioloSical Dat dds dFi ongins ad tbe ptws threud 
"tich

lhse maledak con€ into Nble fom but nill th* oeheis ft lor c.ystal cled in

Dfly c.g. G@6allr thc bi@rydon hFh,nrsn tuy be clrssined into rwo r}!es:
phrricd and chdic6l. fb. V6 d6 W.rl fotE and ll6io$aric for€$ @ inrctv.d in

tne physical bioerprion meheitu bd$r4 erbale s'd $rb6t whil. in itE ch.di.al
biosorllioh m@harimi niorepMiibrion, ch.larion, @npl€ndo! ed mi@rcduction

N involvcd.'fte @[ edl of rte biourqirls @rai'' prereils Ftysaccheid6 &d
lipids $tich @trtsin vdios tuncrion l SFuF lito htdrexyt, miro, phosptDryt ad
wboxyl.rc, @ resposiblc for biosodde-biosrbeor int€rscliom 1541. AddiiioMl, rhc
polys@hdidG &t d ion{xchaseG [55-52]. Neverihels, dw to confonarion l,
st ric or otha tmi.E. lhc p|tsc. of rh* fiDoiolal gbuts do nor Issm rheir
inwlv@ir in metar binding [5E].

1.5. F.cto6 dfqtirg bidorDrioo

ft@ is a v$iely of f&rors which

pol€!1ial lDd e diicus€d b€to*:

1.5.1. Sohtion pH

e inDorralt in tlF dalu.rion oI the bioeDtion

Abong thc impo.t !t fa.rors, pH is I @Eollilg p@Gt r wtich ptayr. ,r.l rete itr
bio$rption pt(B and ir llIer, thc..riviry or ttrc iudion t e'ou}e Dllgr d l[.
biolms ed U€ $tution ch.mjsfiy of et ts. tE bio$rption svailabiliry etl sFcidion
or the meial ion! e stricily sffer€d by pH of the sotutioB [59, 60]. Th€ soiltion
!ll)c* be.hs vdy @q,ticlred .t tigts DrL dE lo .t4t!e in etubitiry ofn€ral_
@npl.x .nd BulG i! FEipiratid wttilc ar tok pH, th@ s a comp.titi@ dolg
plotos atrd nekl ioG. 'rh. sdjui4dr ot the pE also chsngs r\e acivily of binding



eites. ft€ favoEbl€ pH for t]le biodiag of m.bl iots is 3 !o 6, duc lo tlE invol@or of

legdlively charged cdboxyl Crcups thftugh ion erchuge nechnisns

1.52. Ilitdl n.t l @!c.nar.lio

fu uptale ofsolute is incrded vilh in@os€ in initial $lde oncotatotr sulgcsting

ihai it sr'ongly afi6l ih. bi6orp$o! ptoe$s t6l63l-'Ihe n&nonal erllio! b€con6

indcpadsl oflhc initid .one.titiotr ar low iilid solui. @n@trarioB due !o low

tatio of lh. iDitisl nole$ of solute !o ttc waibbL sr6.. a@ N.Enh€ls, thc movd
of elutc deFnds upon lh. irilial solutc coNenthlio6 at hiSha iDri.l @&dtllrion

osins to sat@lion of th€ soiltion sitca. 'Ih€ bio$ryion cxPeineo$ h6!e ben

@nductcd d th. highet posible inili.l @@ot ation for th. idenlitrcatiotr of ruinu
loadiry c.pacity ofthc bio$rb@t

llE bio$etion @ b. rEicdy aff@i.d by $t ol <to$. Higbq lplrte !d loM
Flqt Enords hlw b@ ot aiMI ar los sdtdi d@ t6a, 651. A5 th. @nad!.rion

of thc bionds ieEs6, th€ nmb€6 of thc binding sitcs @.le imr€sd r.d hoce

larsc moet of netd io$ se1 bioe.b€d [66]. cortEry, . d.@se ir biosrbcd $lure

p€r ujl wighl of bi@lbctrt {){]s wiih ilj.Ile in erh€ni d* Frh4s drc to &e

@opld irts!.iior of d&y hci@. Olc of thc iDpondr f&b6 amB thd is (!d ar

bigha $rb€di dow rhc ror.l o{cl@gebL sir6 on th€ bi@ft.m re rcl comptccty

@vced by laailablc sollle mol€culs dua io ins!.fficiocy dd r€sulling in low mebl

uptalc [6?]. A.ldirioMlly, s del:lle in !p..i6c upbr. 6ul|! by rhe jnr @n@

b.iw6 binding si&s snicl| @ de to i*!e i! $rb@t do* [68].

Thc biosrptioa is.lfeied by tebpenne !o r s@11drc in rhe Mse of 20to 35 "C

[69]. Tne $p6on popsri6 in.rc by imtl@ in Gopcnnft owitrs lo bct!& itr



kirelic oeryy dd surfae &tivity ofde loluie [70, 7l]; howld, al higlE imperdire

therc Day b€ possibility of daD.giog of i!. biobalerials Tlt€ sor/iotr clpdcitv of lhe

bionalai.ls Fduc.d *ith inclte h tlhFtlte d@ io lhe doth.mic ct$ of sne

bioeatio! ploes*s I?2, ?31. Thwfoc, th. condlction oftle biosorptiotr dpqim.nls

al @o l€!,Fdt@ is nost suilable dd Epliqle Bults tu be @ily obt iftd.

'Irrc nte of biosorynon 6old b€ alfdrd by qt nd nh difusion in $@ ces ed 1bi5

trK tmfd might bc Edued *itt appoprid. sgihliod A d€l:|te in $e l[ickt6 of

the liquid boud&y LF "d 
th. edEced tubd.@ cdrs itrto highd ditrlion Ele of

a ela. fom rh. bult tiquid to rh. bouidlty l.}€r munding panicle t741. An

i'c6e in the valft of lhe €xlem.l diffilion @cN uder tii* circmsLn6 U5l. Ar

la5t, r6t of thc diitu&on ofthe elut llrcuSh lhe boudary layd h enlwcd by Lhe

thimes of the bo6.lary la'€r at highs agitinon dc9

r.s.6. Sik of bioro.bqt

The €xt trr of bioerption is rl$ afdtcd by th. &z ofde bi@rbdt Th. bi@rynon

in('te3 w'th d€clle i, padicle sia dw to hishd stda.e es and cquilibBtiotr is

calablished in a shon fine. AdditioMlly, r,he panicle 6ul have sufficicnl sist n@ lo

the applied pessue dui.s bio&alioD p!@$ ed the €xi&ne coldilios aprlicd for

rce!@tid 1751. It@fc, r suibblc siz. of lhe biMrb€ is rcquird for pElimiMry

qlerin nls, 'nE nrn.ni€l s[agll liLc g@'natioD slo'rld bc ibproved fd .
bi@rbd( awil.ble in powd.rld fom s@h 6 itrdBlrial vsrc h ordc. ro N it
efediv€ly in biorcrption @lltlm.

1.5,?. Iolic 3lrurylb

TIe bi@lPlion of n ral io610 tle bio|'a sr&e is al$ afid.d by e imporronl

p€dnellr, dE iori. surngth F?, 7El. IE chss6 i! oetal etivity l€d io chdsEs in



the pop€ni4 of.lcclrical double layer. Ale @dpeiition b.tw.o metal ions C tlDught

ro b€ rcsDonsiblc for the €fi4t ofionic strengih on th€ ql€ ofbiosorplioD An eldhical

double layer de to lt.clrosblio ilrdiction swunds Oe tw phas i.. elutc in

@6u ehlid &d bioDA sdh.c. Hd.., e itEtte in i@ic alr.l4lh dmag the

exrent of bioerprion [79]. Tbe erptjon p|!es is .lso Etreied by emc inotg@ic io$

like chlorinc duc to ihe fomrlion of compldg *ilh necl io6 [80, 61.

Tle linbq &d sood-boed irduslris pr!du.. ssdusl on a lr4e r.l. a t waste s&ich

is sed for dillc@t pupos lite prali!8 mldi.l and 6 a nd for @kbg t8l{31.

Re@dr rh. eood swdB! d agriq!t!.1 ssst or by-prcdwt hle ben us.d for ile

rdn4r of wsLwtd onllitri.s Lrw Dctal i6 [E4] dE to ils low @si, alulad
availabili9, rcn.wabilily, mohani.d st bility and ils re8enm1iotr ability t65-871. Th€

wood ewdust is n.de of difl@nt oBanic @npouodr lite cellulose ild lisnin in th€

@ge of45 to 50elo dd 2l to 34% csp6$wly [88]. 11t€$ @nlDut|ds b€e vdio6

f@ctional sroups lile c&boxylic, bydMyl tld pt elic t891, whicl €$@ lhe h€vy

neial ios tbrctgh ion qchalcer ch@ical ra.iioa lore Plir .larlor slEir8,

ch€Dirorption or physical suprion [90].

'IrE oes. h 75% oflhe birl ciuls tuit prcductio! in rbe ftrld [9], 9]. Th. BidE of

rhe omgc; pels e thc ar5r6 or by-prcdEa ofde juie Dreidite i.dNtry ud ued

s eimnl food [93,94], I}e pets b.inly @6in of iw p{is i.e, out t ycuow caled

flav€do ed the 
'!@ 

$bile caled alb.do {951. Tt€ min @mpotrdrs of tlE o@se pels

m lignj4 heni{eUulose, celdos and peclio which bq trMy turctioml grcup5 lite

hydmxyl, phenolic ed kboxylic [96, 97]. Th. oi&ee p*ls hav. @.ious disposal

ptubltu ed litd€ @rcoic val@ t98, 91. h @!t yE&s, I6erch h6 b€4 focused

on th. w of otsos? p.€b 4 a bi@lb@t fo. tb. tuo$l of b6vy mltal ioB AoD



Mtcwd.F due to lo{ @st, local avail.bility, inelubilitv in Mter, sP*ial slrwtur' md

€hmic5l srability [100106].

l.E Airn r objedv. orft. PFdt eo.L

TIEF is a n€ed lo iNtsigtla .!d dcvclop !w biodat'nab, vnich should he

inqF6ivq abudanly dvailabL ed po6sat hi8tr csP&itv fq biospld of blavv

ftt l5 Mulbary k oE ofthe comon v!.ds in tbe LP.K pmvi@ of?stisttn *!icn is

moslly ued in nminr Muf&i!..td iints indlstri* dG to ils Eldiv€lv low 6l
sd $undul availabitity. Mulb.ry *@d ssdur i! orc posible mlerial io b' wd4
u biosoftdl beas i1 is ptodu*d in leg. qutrti* at esmiUs a a tolid waL'

similEly, o@ee is dlso prcduced in lugc $inti(v in Plkislan es!€cialv in lnouldnous

s€a of K.P.K p'ovin@. OElse pdlls d solid qst s *tich @ foud abmdduv .nd so

rs have !o prepd uiilizrr,oN. IrE ui! obj6tirc of ou vo* b to udlize th's!

@t rids for lhe plt"@@|!!nos, s.Plraliont 6d d@dMinalio! of tonc h.!q

n.nlr lile Dcket- @dEim ed lad with tbc poclrid .Ppli@lid kt dviremat'l
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2. LITERATURE REVIEW

Chubd et at., (D studied th€ bio$rPtion of h€ry rellls (Ni, cu sd Zn) ui4 '
DElrcalcd @rt bionras ocidcdng thc inntd.! of dife@t chdic€k u!'d fol

ptllatns . The dboxylc sroups phy 4 impoitnt rele b net l bindi4 wnicb w.5

@nfidcd with prcaeatu€ by Fish.r F.tion. nE eDtio! €Pa.itv of th. @rk for

@ppd E enhec€d up t6 3d/6 wirh pctr@!rc of the @ik bio6 6ins 0.5 M

NaOH eludon wbile m apFtci.blc chegc wte obsdtd ir lhe !€rfom@ of ltE

biohN alid pretqlnent ril| ! 0.5 M CaCl, elution. I1E eashins of 0E bi()Gs wilh

0.1 M NaOE ad NaCl eluiions o! boiling in d.ionizd *ater did ml chflge fic

srplio. .ap&ity of the @* bioh4 whil.lh. sorpdon @paciiy of the bion6s w
imprcved by h€ating/boiline in alk lilc tolutions lrE ,oQtion capacjtv of tbe biorus

B imprcved wirh pd@tnenl wiih oxidizinS sgols (Nlclo &d Nalor). w!@ 0Ie

prerr.arm€nI rc @ied out al oom lcnpcnt@ with a solulion odaining ?'/o of active

chlorine" ihe srptiotr cllalily of ihe bioh.ss M impFv.d fiom ?0 io 80% On

@mptri$n vilh odgiral dt bio|6, the $rFiotr epeity of tle porcE @hon

obbined ana di@r edvarion of thc @rt wilh tlan !r 700 md 800 'C M fod to six

PasMctli el al-, (2) studi.d olive ponl..' a elid e6le nDn oliv6 oil ptoductro! pltntt

s a bbBs for the bi@rpnon of havy m.t ls. Pot nnobetric ritrlrio6 w @ied

o!1 fo. the {telaDimtion of@id-brs€ prop.ni€s of lhe &live ste of olive pon@ ed
rwo Dain etjv€ lites Mre epelente<l by a continuoB Dodel- The bio$rplion tesls wrc
perfomed ai vdious equilibiim pH wilh single (Cd dd Cu) sd binary net l system

(Cd-Cu), 10 consider r.rt€ @Dp.tilioo mon! h@!a n€Ills {d trctoN in elutio4. At

rsious €quilibdd pH, th€ non.i.le€l @fp.tiiivc adlorptiotr nodel (NICA nod€D 4d
Ldgmuir ex'lmiom nodel @ bc u5ad for th. bioMptiotr of Cd ed Cu 6 Fp@nl ih.

cxtdimedbl dala Non-idcal .deDtion of vdios sFci6 sinulllMBly p6.l in

$lurion 
"nd 

site h.t rcg@eiry }@ only d.scrib.d by NICA models, 6 adequi.ly

sindate th€ 6nFritiotr bct\rr.! Cd ad cl ir banary nerrl stslm Biln ih. h.lp of
p'@ele6 6trcd 10 a single syslcm d!r..
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He €t al., (3) &loded the i€noval ofP( ) fom aq@s solutioE b/ uin8 c.Fd

chaf, sn asncultunl ptuducl which is abund&dv available in nid<Ue-wsl egion of

China. l-ire sorpiion poGses wrc det.min€d 4d wrc foud lo b€ a fuction of

@rlel lime, t€op.nrue ed cltll doele. fte ch8a4leristic panneld for ach 
'nodel

rce detdnin€d by @retaiDg tb. dFim.nbl d!t! sifi Flmdlich' tangnrit,

Ichlin od Koble-Corispn isth.m nod.ls. Th. bi@ryriotr dal! orlb(Il) 6 shou

b6r fil in L$gnuir dd Kobte4oEgs istlFm The nAi6m biosrplion caP4nv

oI Pb(ll, onro cbaff al 293 K w loud lo b. I2.5 dg gr' vsio6 themodtM'c

Da@ere6. like AH', AG' !!d AS' *d dchined sing ihe l}€dodt!@ic

duitibrim @emci.nrs ohaincd s1 diflctol t€nF6tuEs Th€ .xotbemic &d

spont!.eo6 M1w of rhe bio$rytion Prc@s M indicaGd lioD thmodtmic studi€s

of Pb(ll)'chaiI sysrEm. 11 {6 obetved th.t lh. loadins of metal ion pet uit weidt of

CIEII d6@ed wilh ri* in lqlpdrai@.

AlQodd (a) investig.&d the biosrpiiotr of Ni0l), Cd(II) dd cu(ll) onto dificrent

Detbllld sludge. The aderPtion c.p&ily ofrhc sludgc w impNed wiUr prctqlnol

with NaOH while it dec@r.d wi$ HCl. Th. utat d lrd t eled sludge ltv. ls
alrdny bwsrds Ni(tr) and gMrd dfinity lowrd! cd0l) dd CuoI). I}e sludsc

pFr€srcd {ith NaoH hrs idiom loadi!8 ..paci9 of9l.,r dd 131.6 ms II for Cd0D

ed C(ll) rcsFctiv.ly. The ad$Dlio! d.td folloqld FFedich ed ltgnun i$$m
nodels, In most css th€ R': val@ .x@d. 0.95. lt I obw€d that s lh.lcmpentur€

inc@s fom 25 10 45 'C thc lwinm adsorplion €Epeity falls 18.3%. At incMe in

mixins sp€ed dd It6 ofthe adsorbent resulied in e incJle ofadsrption capa.ity. Il
wB oberved lnat ndioM adloryiioo wE achieven al ptl 5- Itr t!€ fi$r cycl€ of $.
desoryiod studies the dsrption emci€rcy with H,SO. (0.1M) t@hes 94% whiL it

Jrops ro 8e" io $. rourri cycl. atur r@vmg 20.?OO mC Cd(ll) L H?sOr.

Hd ct al., (5) sMi€d ch.fr ir a fix€d-b.d @lum for th. rrsto@r or vrdewr..
spl6 @nr.Eidns hdy Deral ioN. Th. brosrpdon *Frinats 9@ @ndelcd to s
lh. cfr€cl of tlow 6t€, pH, @bting ioB ald inll@t @t)@tFtion of elutior 'ft.
@ycled chaf nighr b€ u$d fo. th. tlmval of h@vy m6lal ioE d rcvcaled tiod th€

6dstptioi'/d€$rption r.)cling sfu(lid of chrll The chu&t€ristic pm.t R ed
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bEatrhonslr cw* {ft d.r.mincd al vsios @!@tdios of inltuat od flow Ft€

by applying Tho@ nodcl b rhe brNrytion of lad aod 6pP€r' Il w6 obsv€d ltd rhe

nod.l dsib€d b€$ lllc !i@+lion p|!.N of lh! dvMic bebavior of lhc ch'fr

@lllm. The hish mte of bio$atio! d .ficicnt Emovrl ebilitv of tu chan nak 
'1 

I
wful ads.rbeDt for the 6ovd of h.{vv m.tal ioN tom tqu@u elulrons'

Addition lly, the aderpton efEcicrcy of ihe adsb.d w3 foutd !o be high. fte

equilbnm a&orplior bioGs @h.d up lo 672 ng 9' ed 198 ng 9' *h@ th€

conenlration of lead dd coppq jons was 50.12 ng Lr ald 14-82 ne Ur al a flow ill€ of

1.6 nL min-'sp@iively. The Pb(ll) md Cu(ll) nerdls werc also studied in a

codFtilive biosr?tion poc.ss. h my be concluded thai th€ adsorpti@ capacilv of

chaf did not d@de duins @dpctitiv. biosipLion of?b(Il) dd Cu(lD

Kalavatby et al., (6) eponed iJE sd$orytiot of Cu(ll) ton aq@s sluiio. NinS

HlPora€dvated @bon obt!ftd fion tubbd wood $wdut ESAC) in batch mod€. The

infl@6 of difiered vdiables liL t np.ntur., ptl, @nract tine ad iniliat Belll

olldtration on eqnilibrid sid kiedc $dics wE @lduct d. It wa obw€d l}at

adelprion of cu(ID d RSAC is pH d.Fd.nl sld tdimm aderption s &hier€d .t
pH 60- Vmr's Hotr cqulrion E aPpli.d for tb. &laDidlioo of lhmodvndic

pamneteBlii.e si,nd.rd €nrropy (AS'),sr.ftlt d dlhltpy (AH') dd siadda.d Cibbs Ee
q€€y (AC') wbich slorEd tbc mth.Fdc &d spont Ms nane of th€ cu0t

aderpliotr onlo RSAC. Th. cquilibdm d.ta .t vdioB t€mpentl@ \,@ analtz€d bv

sidg tuothm like Teblin, rEudlich and Langmuir and B foud lo bqt f idlo

LaBnun isolh€m. Intapsrdcle ditr$ion, pseudGfi$i ed psudGs@nd_orda kin tic

nodels wa€ sed ro ch@k the kinetic ddd lt ws obseded ihat p@dcscond{der

nodel m lhe b€sl choice to dtscdb. lhe kinciica of CuoD bioerption Fd difrerent

initial concentalions of ndal iotu, ttE nic @Nt&ts of inrapanicl€ diElsioa peudo_

fi61 od psudo-s{ond-ordtr and iniliai srption Ble w.e .letemiGd md w4 fodd

that lhe adsorprior poes is.omplq md tolloed both psnicle difusion and surface

adsorpion. Reiche erg plot vs sed 10 d.Gminc th€ .tralrve difflsioD @ffcienl

dd nt - @.trcUi.g psRm€tq dd showd thal tl low @@ftarioc, lhe bi@rylion

Mm ihrcush Eln difruion wbilc p6njcl. difi'tsion M th. nt€ dehiDina sl€p at
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Aca| and Em (7) us€d poplu lawdNi 4d a.1ivaled lawdut to 'aot the Cu(lD aom

aquou elution in t41c.h svst@. Tnc pH, adlorb'nt do*ge 3nd inili'l Cu(II)

@n@tltiotr \|@ foud io 4fr@1thc qquitibdd ldloPtio! level Bolh ldgnun dld

F|fudlicl ieth@s wF rrplicd to $. equilitriM dsl! srd E foud tbd lsg it

adsmliotr dodel *6 obctd by i[. .quitibrnfr dtl& At natnal pH ed em
td!.BtN, the €quilibli@ s!&itv ofewds| {d a.rivlted s*dtrcl w found to be

s.412 md | {.495 na (\(U) Fd ! lttlorbal rcs!4rvclv Mudm ade+tion @Paci'v

86 achieved ar the 8ta Folcdial Ete of '4E.4 6V (!H 4) for swdut dd -74 5 EV

OH 5i for &ti\ar€tl ewdu$. Th. edverlrd $sdat showed Sreaer ad$rPdon cipacirt

for C(lt) fion aq@B solulion 4 cobg@d (l sawdut.

Bdal et al., (8) inves:tigaEtt the adsorytion ofc(vl) on 1lsted sawdut d e f@don of

renlmtw. colrmration of adsoddlq molnt of adloft.n! pH ed @ntact titr The

ad$rptior ofCr(VI) follovEd Prludo-5.cotd'ordq bflic ed the adsoarion caPacitv of

ttc adso6ent v6 elalutcd by 6pPtying tsSmuir adlorption isotl@. lt E obwcd

thal adsorplion capacity ofthc s*dusl*!l pH deFndcnt and @hed esuilibrim in 3

hous with a&orbenl doe of 30 eg Lr- ArdFniB cqu.lion *6 us€d ro calculdc lhc

lcdvalion €ners/ (EJ atd tc EL @si!d tt 301, 308, 3ll .trd 318 K tenpd!tuF. Thc

adsootios of C(VD otrlo esdu$ s foutrd lo bc 4o$dmic itr Bt@ s shoM 6on

thc rhmody@ic pumt 6 lilc let ol adsation (dHd and Cnbbs fi€e @rgv

(^c'). An iDc@ in po@nt adqplon *$ obep€d wilh dffie in PH ard fo. e
ihilial @!@tralion of 5 ng Ur, thc emoval of CI(VI) w6 tdinm in lh€ pH age of

4,5-6,5.

Scibd.t al., (9) reponed thal sdilrln hydrexidc teatrot ofthe 6r md Popld swdul

c.hflced de rderption ca!&rly alout 15 1im.s for zilc ioN &d 2.5 10 5 tin6 for

CudD. The Fsulis shovld tbnt ediM *bomt! solulion m l6s efftcisl thr! $diu
hydmxid€ $lution ior &lilalio! of s*dst Th@foE l% sodiu trydFxide elutio!

M !5.d for the ftaeHr of $vdui. Adsordror n6hdis inclu<lcd tFlh

mi@pripihliotr snd ion qcbugc o{ Dd,l htdrcxidc in the po6. Tne modilic{tion of

thc s*d6t ale d@@s.d ilc lc!.hi!8 of or8&i. Dauqs by abont 23% lor tu .t\d 1vo
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x@ ct al., (l 0) studied the bio$rltion of Pb(!) on chdic€llv modi[ed oEUc pel.

N€w biosoihcnts we pEpaiEd uiag dif.mt tcopdanr€s, difcrent @!@rnrioc of

cidic @id ed alk lire sapodfi@lid. Th. ld$rpton of Pb(tr) bv diff@ chdi€llv

nodified biosdcnls B iNestigaLd as a tDciion of vdious IEmcrcG like

solidliquid mrio, shlkjng ti@ ed pH. The €quilibdus 9@ Mch€d in on€ hour ud

foUowed psudo-fi6i-o.der kin€lic! The biosrplion oflad M vdied wilh PH sd w
fouid to b€ twibM (1.22 mol k8:) in ihc PH @8e of 4 56.0.

Arsu ct .1., (ll) dffiiH ln€ cDovsl of C{vD, N(lD and C(U) fiom 
'qudus

elurion bt silg HCt tded @f evdusi ft. psmeten, affedng th. td$plior

behavioF lil€ pH, @nta.t lim., tt@ of ad5dt d and sb,king ste.d *w opdniai.

The onenuation oflh€ oelat ioB i! rh. E rg€ ot0l io 1OO ng Lr M ucd !o obllin

lhc ad$orion hoth€ms. The €qu ibdm dal! ob.ved D-R &d tanSmuir ad$rPtion

isoihqm qbile the kinelic datd followd DseudGs@nd-ords tineiic modcl The

theftodyMic pr@et€rs of the adsot?tion Prbes w€e studied which showed dal the

bioerpdon pb@s ws €trdolhedic .!!d 5!o lMs fte muinu morul

efficicncies weE found to be 84% tor C(vl) d PtI l, 82% for Ni(ID at pH 8 8rd 93% for

cu(ll) ar pH 4.

(rbm4i ct .1., (12) Eport d lt bioetprion of cuG) on eu odBc r.sidle (soR).

The i!flu4.es oI vdios p@et€$ like pdicle sia, tempmlw &d pH of lhe

solurion wee iov€stigated in barch alalysis alons qiln kineli$ md equilibriu

isothemr. P*udo'sond'orda ldneric mod.l wll fin€d inlo ldneric dat!. Furthd

Ircudlich md Lanenuir iethcm mod.ls w€r. the b€st choi@ lo desribc the

€quilibris data It M foud ilEt trAieh .d$rplion m ehicvcd al pH 5.

Appoximatcly 2070 dec@ in coppd @ord M obsr€d wiib u itrc|le iD

lemFdtm lion 20 to 50 t. Th. udrfc clprcitr ofthe bioerte M im@s.d by

additional ch€nical tqllbmt wilh $diM hydrcxid€- Th. bioe.ptio. rd€ B !ffat€d

by inc@ b particle size of bio$6ent but theE wa no sieni6@t etr€cr oflhe Fnicle
size on |he Iiml .quilibriu @nftnltltion,

Li €r al., 0 3) rcpoded a nethod for iho Fmoval of Cd(II) from waler saftples by uins
chcnic.llt lrealed o@ge leels, The pop€niB of the bio$ftol w@ studied ud{ lhe
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inflmG of vadoB ch.mical Dodifc{tioN lilc M@tralion of @*linbns @s'n!

ao$'linkins tmpctarue, atalj saPonificalioD dd whits' ft€ effects of solidiiquid

ntio, shaking 1ine, PH of the slution md initial @n@dralion wrc studi€d on lhe

bio$rpdon of cd,ll). lr m loud tld o oSCA& (otuse pel modified * ith 0 o Dol L '
ciuic did unda 80 'C snd llttli epou{iotio!) bB biehd bi@.Ption €fficidc} Th€

oida of wiou bio$rbcnls tur Cd(ll) @ovd s found !o b. 0 6SCA& > SOP > CA2

> cAl > PAI > PA2 > OP. The ldidm biturytion op€.ilv of 090 mol rgr,.l
optimm coldiriom *s foud by ubg 0 6SC,q{0 6 bioedq for cdul llrc

dNrpion of lhe relbined cadniu m 6ied out with 0.15 mol L r HCI $lution ed

$e ddorption ratc w foud lo b€ 94%. LdeBut iethm model *ts foud b€st n1

i.to equilibriun d!1! qhen diff@l ieftms lN@ @oFrEd- Th€ Ltge.Sten fiEr{rdd

tinelic Fodcl *s a b€sl clDie ro d6.!ib. tla bioeaiion of cd(u).

P@z-Mdin et .1., (14) desdb€d a m.lhod for lhe moval o{ Cd(ll) &on aqu€ou

$lutiotu uine or&ge *6tes oblained fDm otuee juice indusiry. Fouier trsfo@
ihfi!rcd spectrosopy ws ns.d io ch@Gdze lhe bio$$ent and ldsoryiion capacily

16 detembed tsing bltch dpe.iD@t' It t$s obddved tbat ad$rpI@ €!&ity is

sEictly ptt dcp.n.L &d il]l:tlas wilh iEr!3& in pH. At leioa pH $lu6 (4{), i!.
ad$Dton equilibrim !d kirctiG B@ srudi.d- Tbe adsorydon pl.cs 6 fou!.I to b.

fasl ad a line spe of I hom wa ne.Ld for cquilibdM io rach, It wd obsqred lhar

mdinm adsoption cap&ily ofthe bioerb.nr ws &hieved at pH valu€s of4 to 6 dd
s6 found lo be 0,40, 0,41 @d 0.43 tt@l 8' csFatively. Diff@t kinctic bodels i.e.

in!"psdicle diftu iorr Elovicn, F.udo-liBt md peudes@ld{dci equslioG 9@
u5.d 1o analyz th. tin ac rlrla *hile rh. .quilibrim dara wF lincd into Redtich-

Pet Nrr Sips, Freudlich a.d t dgnun ierhem nodels. Non-litld EgBion @
applied for dala fillBs dd B coDfmcd by 6tu9 fv€ mr dalysG m€lhods. IrE

equilibnu dala followed SiF nodel whil€ ihe kinetic dalt $ts wll de$ribed by

Memon el il,, ( | 5) sd r@red ed @rsLd swdEr obraioed flom edru dod,r *ood

ror llle p@nqhrior/tuor€l of Cd([) tob wlq mpl* h E ob6@ed rhd

about 9?% rcmoval hs bten plae wirhh 8 min. It @ found rhal pH alfecrs rhe bhdinS
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of ndal ioM sd mdimM ltlalDtiotr ws a4hi.Ed in th. pH mg€ of4 to 8 Two

dblirut DK val@ of ewdut w. obt j!.d non pot ntiod€ilic {a.tioN; 0E fi6t hA

simile !d@ 1o cErhoxytic sroup (3.34.8) whit! th. othcr is sihila 10 mi!.s srouP

(E.51-10.2) wi$ fie dosilis of 1.99 , l0r 6nd ? 94 x l0'r Gp.ctivclv DNrPtion of

rlE bindcd cdflD ws cr'i.d od siih 5 DL of0.l ml L'' Bcl lolution. The a&oft€nt

g!v. m €dichm@l tacd of 120 with s d.letion limil of 0016 g mL r' At vdious

tcnp€61w, the panitioninS bclEviot of th. stst m B d.!.rib.d by u5hs DR dd

tasmun ieth.m. Th. moval of Cd([) *a .l$ srudi.d @ciddi!8 t!.@ody'mi.

md kindi. b.hlvior of $wdGt

Li €r .t., ( 16) invcnia.lcd $wdun ed Dodificd palul s .d$d.nts for th6 rcmul of

C(lD, C(ltD ed Pb(ll) fron e'td spLt. Th. ldn€tic dala shoq&d thd llc
adsrprion ofl[.* mdils on th. bi@ltoL (ewdNr tud nodirl.d F3rut hust) b nol

conbbled by in!!!!nicl. diftBid Elh,r it c|n b. ddribcd by s€condorilcr eqrEtion

rd rd$dion oi8!t b. id. lioitiog n p. Bott FEtlodlich .trd l'gmuir isod|qa vlE
,pplild ro rlE .qoilibriM dlr! .rd r4 foud b.5 oDoi6 lo dpbi! tt .detpli@

scibd ct.1., (l?) FFrt d tt @ ofpopLr vlod e*dat for ds @oval ofcd0D,

Z{lI) ard Cu{n) tm .let!phti!8 Enml6 Thc .dsoqiid &l! fit ilio l!.
FEundic\ BET, rigtlun $d con!.liliE tsgnui! isolbaE Tt|c solid

@ftspond.E b.twen qFrilEtrl dd. rld BET .quadon @nfim.d thc nuliltyd
adeptid. C!(lD I peedii.lly adetbd dE Zr(U) ald Cd{l) ton *.sl.* o
whil. rb€ adroaiio. ofcd(D noE wt !"sLr vrs siglific$dy low iho nodel wdd-

This showed that $c pFs.ncc ofouE i@ cotrrFr. Cd(Il) for adsoibcnr

Q' ed Al&ich (18) invanigd.d lbc binding ctrci@y of th. tob@ dust, a

listroc.llulosic rgricultu l u5L. Ir I obsv.d i[al h4a E t b such $ Ni(lD,

zi(lD, Cd(ll), Cu{D lad Pb(tr) q@ 3ironSly bild.d by tobe@ dNt $th a naimu
loadins ..peity of 24.5, 25.I, 216, 36.0 rnd 39.6 tng of tbc roeid p.r grm of sotbenl

ru!.c(wly. A dilut HCI ebtioi efiiciddy dsft.d th. l@dcd holr neials fiom

rh€ bio$6.nt. Over ! wid. m8c of pH (pH > 2) th. !ob*@ dut is ncgatircly chlrg.d

6 indiq&d froD rhe m6ebal1 of surh.c a.idiry .rd z.ta po@ntial, with . hjgh OH'



aderption qp@ity td o s1joig su.f@ 4idnv h has betr sugg6ted tom lhc chdg6

in thc sutfe morpholoF, ofrhe bb.@ dut rhd |he $ption of h€vv n't'l ioG on the

bb6@o @uld be Miatcd vitL chdga i. tc aurfle popeniG of lhe dsl plrticl* a

visu.lizld by ltoDic fo@ ni$o$opy Sotne ofth. $.weir€s on [le surfac' of padicls

*se tost with leaching in the &id helal ion solulion, which b'n8 the$ chang6 on the

sulfM. N€vcnhel4s, rhe bbMo dul subj4ted 10 biosoQdon b3 no signincml ch&ge

in th. chcmical slructN a Fved€d by Fouier resfo@ intat d sPectrcspv (FT-IR)'

M.t i H ioD qch.nee or tuGl iot sqfa@ @Fplexalio! atl5olpiion or bofi wee

spoEiblc for (he ult ke of h@ry F.Ll ios o! rbc iobaq dBr

Schi@ snd Patil 09) r€porLd e i@p.s've biol|N; citu p€ls for lhc Moval or

toxic hcarry melrle &on ildEtri,l !4P16. T1B Legnlir erPtion ca{aciti's of lbe

orse. peelq l€non p@ls dd lmon"ba&d prctomt€d pdlin pels (PPP) Bet evdl@ted

od qoF found b be in th€ tu8e of 0.?- l 2 ncquiv. gi (39_6? ne E) for Cd0D pd dlv

vcight of bioerbat A continuos pK sp.ctrum appmach wa uFd lo intcrpFl lhe

@rellion)elric titrrlion. Fou &idic sil€s *w shoqld &on @niiouous pK eP@lm

mclhod vith DK val@ or r.8, o.4, 8.4, |0,?trd! btsl site qmtirv of I 14m.quiv gr'

An @Nu.l shlF *il[ ts pl!i.3u tds w obsned nom Ite erltioo i$th.m oi

uftated ciuls p€ls, On @npui$n wi|l| ui..dcd peLq th6 poiodcd Fdin Fls
shovld a llical Lesnun nodel with ! hidlcr sorption @p@ity ll€ bindinS of lbe

n rd iotrs v$ d*Esed al low tH owiu !o inc@d competition by proto.s to lhe

sitcs ot biornrss md this wd demonslraicd by ptl-ssilire isollcm cquatios lt wa

sufficient 10 consider only orc bildine sit€ ,ith pr$ 3-8 dd a q@lity of l.14 mequv. g'
I iNt ad of Nming fou binding sites, 'nE nclal bindinS 6Ntanl .lctcmined at

lsioN pH w u*d io pEdid elntdy the heral ufl.le a1 oe pH, Th. $rpftn

iethm shaF w3 wll d.seib€d by l:l sloicfiionetry nodcl lha! lh@ of I:2
sloichioD.lry. Th. l: I sloiclioneEy Edu.d to ihc Loemuir Dodel for . @Bbrr pH.

Balsia md Schi€wr (20) bvesliested 0E rcmoval of Pbol) ftoD indshial w&sicwgter

uing ciilus pels; a chsp ed e ctrectivc bioffi. It M observed that &€ ges€nca of

biopolym.r p{lin on &se pe.b B spoaibl€ fq rlE birding of mslal ioro in

$lution. For tb. prcp{ation of @m.Fid bio$rbats non citNs pels w6t , il my
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be uenn to know the chenist y behind l}€e int€eiioE. In ordd lo Fe the mohdsic

evidoce aboul the b'nding of leld by low ard hidlv Dethoxvlar'd citru p'€ls' fi€

r'rcsnl stldy m ceied out Th. n.Salivc .h!rg4 of th* bioFlvn's tse

@nt ibnted by @boxyl SrouPs 6 dto*t) fon poltltion€lric titztions' *lich wG ale

suppon d by Eiibilfty snrdy of pH The sccond{d€. linctic no<lel rell fin€d b ile

ki@ric dda obrdrcd fiDm rhe bioelPrion of P(ll) ou both tow .nd ligL-netboxvlatcd

pecliN, prcposing UFI two mrcf@dc ftrctioul 8reu!6 s@ binded with onlv one

djv.ledt melal ion. Th€ clrboxylic acid goups of the ciFu p€clin w lhe rctive

@ltribulos in PboD binding E @Dfmed &om the Esultr of Fouid tesfod intrarcd

Krishdni e1 al., (21) Eported the rcmov.l of veios h@!v net ls in sinCle ed nixed

solutiom s 6 netion of pH dd @n@ntldion of m€td bv uing a bioiatdx obEined

&od d@ hulr a 61e of lien@llulosic &oo agro'indultv lhe binding ofn€t lbv th.

tuncliolal Sroups ws codfrcd by Fourid t&sfod irtt€d spetro$opv ad

3c@ilg eldhoo microspy, A wi€ly of .xFnedal .ppoa.h6 wft u€d lo

@nfim thc c€lcim md tugnsim p'!st in thc bionalrd, h tbe ioo *cldr'ae

ndh&is. Th. lsseun isdtlm s us.d 10 qlculde bdiom adsorption €locitv

dd w6 fortrd to b. i! ilrl4irl8 otdd $ (ltml s '): Ni (0 094), zr (0.124), cd (0 149)'

Mn (0.151), Co (0-162), c! (0.U2t Hg (0.18), ed Pb (0.28). At !H 2, tbe $tplion

cagaciq orcduo onto bDmtr.ir vN fodd !o b. I O mol 8'. X_E photo+i4rron

sp{ircsmpy wd u*d 1o delerni@ lhe sP..iltiotr of Hg, Cd dd Cr adsorbed @ $e

biona|ix. on @Dpdison eith fomer FPor&d s$dts, the studied biomatrix h*
hisher or @mpdble adsorylio! cdpslily.

A*di et al., (22) r€pon d the rehoval ofNi(ll), c(lD, A(II), cd(ll) ild ?b(lD bv uine

sawdNt ald nce hul mdiied wil,\ hear N8OH dd HCl. The dderption @ foed to

be pH depend€nl ed inc@sed rilh initiel mcid @rc€ntration. Cdol) &d Pb0D sho*td

.dinm aderptio! .i ps 5 *,lilc cu(II), z!(Il) dd Ni(II) slow€d tbe fouowins

ord6: cu > zn > Ni 6t6riEly. On c@prnen wilh swd6! tbe ne hdl 16 biSld

erptior dpicny, nE ordd of $rption capeitie oflbc nodifi€d adel!6rs vw found

to b. base > bei > lrtrsl > eid. Thc adsrprion dara folov€d both r{snun ad
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IEundlich models. Th. Bull oblained sinS sspeEioni $Esletalts dd sldhetic

elurrou $rs dm6i lhc sc in th. @lud! dpdD@is. ?o6itiw @vcry w6 oblailcd

widr bolh HCI od Mrc!. Th. @v.l sbiliiy of the latual soih€nls w6 @mP.mbl€

wilh comncrcial a<lerbcnts,

Gode et sl., (21) inlcslisaled ihe adelptior or cr(vl) on fti|ed and utrE|d svdusl

oI Tukish red pine t@ (rir6 
'tsa) ion !q@B eludoN. Difl€ttrr P.Mds

afecting th. adsrption lik€ pE, .on@ntration of 4odifid, tN of ad$rb61 and

o.@ration of Cr(vl) wN inv4$r$!d. It wa ob6eN.d thar tbe aGorltion

eauilibriM dala fotlowed FFurdticn model. Mdinm tlmval of cdvl) *a &hia€d

at pH 3 within 120 DiD, ft infcnld nDd $e ap€rinenlrl sults tbal ion .xchuge and

chelalion e esposible for binding of nelal ioB to the slwdst. The F@nt Fmoval of

taru.ic eid modiar.n e$dut, b4 ext!&t d *wdust ed wtrol€d sawdsl al Pl{ 3 @
foud ro be 87.7%, 70,6% od 55-2% cFcrircly. Muinh looding oPacitie for

svdusl supl6 wF fourd lo b€ in rhc Eng. oI8,3 ro 22,6 mg g_r.

Li c1al., (24) reponed th. aderption of cdoD, z(D, N(D dd co(Il) nom aq@u

elulioD sjns ch@icdly rrqt d omgc p€l elhlos. TIle bioube prop.ni6 *E
$ldied wilh epet 10 thc inflU.t6 of vsriou chdicil modific?rrioN like diFsdt
rcids (HjPO. HzCrOi, C6H.O, nodi{i@tion aftd saponificalion wilh NaoH ed
diremt llkalis saponilcatiotr (Ca (OHir, NILOH and N!OH). FTIR spccira ildicale

rb,t th. pleq@ of vdbu nrcdoral rroups on tbe adslb.rt N Espo6iblc for rhe

bindi.g of ncr.l ioB in aq@u elutioD Mqiou l@di4 c.!&itie of tbe SOA,

SCA, SPA ad sPA \@ .valuared for Cd(rr). znor), Co(rl) ed Ni(rr) ed w€re foud
to be 1.13, 1.21, 1.23 ed 1,28 bol kg r &d or @npsisn with Ew o@8. ped 1n€e

vm incE&d by 130, 50, I?8 od 95% EspErively. ftc biosptio! of n.|,il ioN M
srndi.d a s nDdion of solidliquid aijo, sbali.g lime, iaitial @@Falion of@r.l io6
ed pH ofihe solulion. bgcle@n nslordd kineliG mo.Ll B folowed by kin tic data

dd biosorprion €quilibriums \'@ anaildd in 60 nin. Ilrc .quilibrim d.r! of all nelrl
io6 foltored Frudlich &d ragnuir Eodcls eitb npwior @flici.nr R' > 0.95-

Veiou @nentr.1io6 ofBcl *@ us.d for cbtion ofaderb€d met l ioN.
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Dudr er al., {25) cport€d lle movsl of C(ll) uins lirq of dlutd tEnbliDg pople

lPopulB hen la) tods. (LN'|PF) in boLh odtsis 'It€ efi@15 of vdious PamdcF

like l€oD€dw, agitating spe4 p.nicle sizc, pH, @ncdhalior ofadsodent dd itihal

con@naadon of Cu(U) on sorlion calacity of LNT?F eqe s1|l(li€d lt wd obswed tbil

$e solptioi !frciocy of LNTPI inq@€s with incI!& il l€dpe6tur, conentalio! of

adsrbenl, agilatinS sF€4 pE ed sit! ! d!.l!e in i tid cu{II) @lM!:alioa dd

panicle sia. Apprcxinar€ly 94% of|he C{ll) w3 morcd vilhin 5 mid, showins th41

the ad$rprion pdcs is vdy l6t dld lbout 30 min wd sufncient for @Fpl€t€

equilibralion. The kinetic data werc mlyzed by psudG66l aid P*udo{e@nd{rder

bodeh ed wB foud thst ktoctic data fouo*.d peudo-sold{der Knelic nodel. The

biosorption nahdis @ Ep*ntcd by EPR sfrrdies @nbincd sith FT-IR

sp€clrospy. Th€ endorhmic 4d spotrr!tuB Mrw of I[. bio$rption lllr* *d
Baled fiob lhmody@ic p.|z@t 6 likc AG, AII ad AS. ne fin€Eun dod€l

sho@d b€sl it into €quilibriM daia It nay b. conclud€d t!.l LNTPF 6jght be ed as

m elficienl ed a @st effecdv€ biosodent for the moval of Cu(ll) frcm saslewter

Mata .t ,1., (26) rcpon€d suga-bet pcdir 8.h s a biMrbent for lh. rreih.nl of
w&srmter @ miured by h6ry o.Lls. IrE biosrliion ald dc$Drion of cd0[),

Pb(ll) md cu(ll) wrc ceied out in baich ealrris 6ing suce.b€ct F€rin hydrG fld
xerogels. 118 pcctin wu extr&ted dd d€melhylated from lhe s!$r-beet pulp,

agriculhal Mte dd \N@ g€led i! ihc pF*ne of CaCl:, fhc hydo- od x@g.15

pclin b€ds beilg sbble {@ found 10 t suitalle for biGolprion of IFaq netats ir
veiou @.diliom, The tsgDun isoll.d nod.l .nd Fendq2d {rd.r reE firE l wll
into biosQlion dat! md thc @Gponding p9mte6 w@ obr.incd. tn ordd lo
dolcmine lhe possible binditrg @heis, the unre5r€d ud r@red b€ads ME
cbd&leriz€d using SEM md FT-IR. Conplexario! or chelarion wi$ cdbonyt grcups

ed ior dch.!8. wiih catciM ot gcl strwt@ w@ rlsposible for bindine- The m€ial

stioN subsiirut. 6e calcim in lhc gcb naEii 6 indi@rcd by s.minA etdro!
nictuspy. Thc cger@rion of ile g.l w tri€d our wilh O.l M HNq which

@vered au thc adelbed m.r.l and ws @nsiderEd s befd elEdr rh& Hrso snd
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Hcl. lt @y b. onclu<led lttt sogd+et Pccts is a suitrble choi@ for the tEtmdr ed

@ovcry ofcd0D, Pb(lD ud cu(ll) ton w.rer sples.

schiMr dd llaldia (2?) Epori.d th. upt lc of Pb(II) uing a Pelitr_tich bvptuduct of

the frult jui4 industry obt in d ai€r lr4|!n€nr of omge F.ls- Prctodied poels ba

sisnifitudy hicler n.galive sufa@ 6 compaEd 10 original pels, Mth acjdjc goups

dud pH d 6 &d l0 6 @rfirDed by potqtiomldc titEliod. P@h of otu8. hrre

sinild III-IR sp@th ro th@ of Fcti!. Aftd bindine ofPb(ll), thc pear of @boxylic

soup shifted froh 1636 to 1645 cnn which indiels lhst Eboxylic Cmup involved in

Pb(ll) binding. EquilibriM *rs gldish.d in l0 to 120 min depodinA upon the size of
panicles. The dala showed thal the nod€l for f6r.order w6 inf€rior !o thoe of sond-
or l,\i'd-orda. Tnc snuller Frlicls bsv€ nah lighlr aIe @strnI.' s{il€ !!rticl6 o{ all

sizs bave similar qp@iti6. Ar low $h6t doeg6, th. binding of PboD *ar EdEd
by competing @-iohs, on inclle in ionic streneth or d€ctt@ in pH, whil€ the moval
@iE alove 90y' at bisb olbent dc!86. Th€ upt ke of P(ll) w6 foud to b€ 2

@d s' at 300 ppE (4el6 ot rhe dry w'shr). citrB p6ls my be L*d s ctfcienr

biosorbenb for indst iql appticaiioc d@ ro hid slabitiry, favonble kinetiq ard nigh

al@ ct al., (28) srudied ft€ @mo!€t ofNi(rr) com synthetic ed @l smpl6 of Mler
utili2ing Ihe wslc biotlN otr.pped h sili€€€l m.rix in b6tch dd dlMic now
nod.s. TIE inflqe of elutior pr! @ntrcr titu, S/L 6tio ed inirial @I@Fatid of
dickel ion on biosorylion wre sbdi..l in batch sysrcm, The i@obiliz€d biolorbent *4
n€aliv.ly chaged ir tne pH tuge of 3.GE.0 a .xbibit d Eon ti. m6!]€l@t of Zeb
potcnlial, The biosorprid steity !os&ss.d by iMobitized bbtN % atatia.ty
hish {98.01 ns s ) &d it ns b*n obepcd lhar biosDrion equilibrim b €shbtished

D a shon int€nal of dde (5 nin). The Frcundic\ hgmun od Dubidn_Radushkdiclr

ielh.m hodels *€rc fin d io th€ .4uilibiM dat!. Th. ches.s @cured on rhe surfee
srructurc of $e wssI€ biom6! a.fter i@obilization lld bidorprjor of Ni(rr) ed th6e
chargd h su.faa l{@ $r.c!.d by s.eilg eletoE bi@*!py, Fouie. rsfom
i.6u.d sFclrospy ws wd for rh. @ m1ion of srbot-srbdle intencrioN.In a

@ntin@u mode, tn! arpliebility of erb.nt slsteo B invsrigared ad tic cfi6r of
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v&ious pardeteff swl d bi@rbdt do$8e, @ll@ sia tud llow Et€ on bimryrion

wa inv.stisated in @lum studi*. Ihe moval ofNi(II) fion ndctoal BELwdq B
cmied out suce$fully in dynmic flow mode Nins th€ prcpoed sotbdt sy3lm. Ii m
s. fom the lNlls tbal fd lhe lE@val of Ni(ID tDD stnthdic 8nd F.l s{trp16, ilE

siliq-imobilizcd wD& biotlN M e cmciat ald indpensivc e$ol

Gupt cl al., (29) eporr€d th. Enoval ofNi(U) md Cdll), bod! s a p@ ion !d Aom

tieir bituy nixlla in llc @nentration tuge of 5"100 ne Ln uder dy@ic ad
equilibriM ondilioft uiDs Irish hoss pca! m €conomical @d openlioml adsrtot.
Ile etrei ofpH on atlsoDrion of borh Ni([) snd c(lt) *s sludi€d by ch&8ins l]he pH

of lhc sollljod foh 2-8. It w obseped rhat pH of{F slurion srronely Efaij th.
adeqtion ofNi(ll) &d cu(U) on pdt Tw{it€s t$emut adsorptior ierhm ws
b6r fin d !o the ads.+tioa da'! ar a reoFhre of 29E K pH 4,0 &d 4.5 .nd inilial
@ncdrradon for borh NdD md cu0D ws 100 rE Ln. Tle hdinM sdsoryrion

ca!@iry of pear was catqdalcd b be 14.5 mg gr for N([) ed 17.6 Dg g', for cu(I)
6p@tivelt- IE b@lrbroud d.b wF obr.jled for bou !w 6hpo@r ad hinary

mixtuE ot Ni(ll) ed C(lt) fron the colum expqim€nrs. The adsrh€d nictel md
@pper l@ dNd.d @Dplelcty fiom rlE b.d vith 2_0 rnM EDTA $lution.

Ads et ar.. rl0) inv€sigeed FhB rejigioe leavs tFRts/ a biosorbenl in Dotrder md
imobilizcd fom for fte E@val of !b(t). 'fte biNrpriotr qp.riDots v@ sMied in
ba&n sFGm to dctcnire opdnM pH, qquitibnM tne, t€nFnr@ ed bioerprion
capac'ly, Ar optimum pE (4), the luimM biosrption mp&ity @ obs*ed to be

3245 mg gr- Thc biosdpiid clpa.ity E strcd€d by ri* i! &dpc,alw f.on 20_40 ,C

&d haxmM Emoval ofth. pb(lr) B ehi€ved a12j oC. nre lxrrimenlal data wE
ued to deremine tllemody.lmic paencid. IrE .qunibnM .br! oblained fio6 the
bi@lption of Pb(ll) l{w deib.d Bing t@n tich od tasluir b.&b aDd w
found $at expe.inenral dar! fouo*€d Lsgnut modcl with coftlalion coeincifll of
0.97. llE L.gergrco peudo-2d -{.der nodll @ a suirable choie 10 dMib€ rhe
bioerptior tin€ics. The iMobilizaton of the biohc (FRLS) m cei.d ou1 in
polysulfone marix for @ntiNou bioerprjon exFrindh. At v&io6 pH, bed depth &d
0ow Etes" lLe wE €r@in d. The qperimr.l &L *w
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deibcd by ui.g Iltom bodcl od bed dep$ s@ie tim (BDST). Dsorption of thc

Pb(ll) f'on biom$ w6 @ied oul with a soludor of0.05 M HNO3. rte iajor cnoval

nsheils B posibly b.ing tbe iod o1chrtrg€ 3s shoM flD lle €l6ira ofN4 Mg

ed Ca ioc duins ?b(ll) biosorptior

Almad er al., {ll) dc!.riM 0tc ld$prion of r(tt) qd C(ID fren watd supLs
sing Merati t@ erdNl in balch srsteN. The infl@@s of a&orbot dos, @nr.cr

tine &d $lution pII o! €quilibrim ad.orptio! tevel lw rr'di€d. Th€ mcr ct)lt@n
i$th€m like lrEudlich ed Lagnuir wr€ Nd !o der€mine ihe loQlion cquilibnum

dara or Pb(Ir) ed Cu(ll). TIE cfl€.i oftcDFrahe od bioerpti@ of pb{ID ,nd C(rr) oi
adsorbent wa also srudied dnd rhcmo.lyndic psMet4 skh 4 erhopy, enthalpy dd
te end5/ chdge *ft erdua&d eticb shoBed @dorhoric El@ oftbe bi@Drion

Bozic cr sl., (32) ed rh. s*durt of popts, lin.ten snd b..ch tre.s for i,llc moval of
havy nerrl ions fton synth€tic stltios. ft ws obsw.d thar 1[€ idsorption pr@s!
slricUy depeod upon dlc pH, @ta.r dDe, indd @mcntr.tiotr of d.rrl ioc, i're of ioos
and oh@ndlrion ofsawdusr iD suspasion. EquilibdM M estallbh.d ir l$s $@ 20
m! .lue to 6pid lined€ of rh. ldloDtio! rr!.ess. ft6 regnuif nodel w[ filted inro
adsoiltion eqlilibrim d!r& It ws Nmed thrt .tkaliailh nerals werc substitui€d by
preroro &d h{vy @trl i@ rhu @nfhi.g lhar .deryliotr pllc* folos ion
qchese mehois. Ad&rttio! dpacity del€sn silt dMing th€ iniriat pH of $e
$lulion od d. pH d@ b orc,. zo valu. @ *hiev.!, For aI b?. ofinEdigared
ewdust Minuh aderption clpacity (?_8 ng gr of sawdst) 8d &hid€d in the pH
rug. of 3.5-5-0. fte bioerption ptrFs rc stdcrly aft€.led by o|rmi,lrion of
ewdNt ed idtial @lenllaaion ofn€&t ios. It€ .djorytion b€t vior w4 nor afl6tcd
by Ibe psrricle si& ofd. adsrbcni nt. ods.belt sho*cd higher d.g@ of rdepdon
rdr c4D (8070) thd F4rr) 0 0%).

.ron ed Kio P3) rcponqd 6e Enovsl of pb([) by uils $*dur clrcEicaly kqr€.|
qth phosphoric &id (85%) tud dqinu lo.dils ..p&ity ( L45 @ol pb g I dry @s)
w6 rchi€led .t pH 4. ft. .d.ror disFBive X_6, (EDX) m wd to ddlze th.
@'npon€nl of phorphorytaled $Ndui ed lb. incl€e of pnosphdle greups ws
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€on1imed. Ar low lem!@n!! (10 'C), the loding crFcity of the pbcpho.ylarcd

sswdd w6 hid md lboni 98% Pb(U) qd EDov.d with 0.04 8 of lr@icd swdul.
Eguilibnm for Oe P(ll) 6 Gllblirh.d Eosny wirhin,r0 min.

Kaazla €t al., (3a) nplo)d e&€{&d swdud o{ P,i@ glwsrn for tb€ @oval of
Pbol) &d voD EDm indusld.t w4rlwrer anq ddbS/s.dindtdior phae. 'Ir&

eff€ds of dif@nt f.ctoB such as @nt&r riDq initiat pH &d tN of adsbent on the

bio$fptior q@ srudi.d. T!. Gl.s ofn rat ions lion s.wdusr ws iivesris.red s a

ltucijon of pH. TlE ad$rlrio! data folloBEd !!.udo-stund{dq kineti€ dd obeyed

Fdudlcn i$|hm Dodel. Ar inl:lle ir erption .fficidcy s obFrcd fbn 32 b
99% fof PqlD ed frcn 43 b 95olo for v(tt) wb€n ihe iniri.l pH M dec@ed ftun ?.4

to 4.0. Ile @o!rl ofv(lr) wos d.p6ddr on sdelbor.tqe in @nr.!sr ro pbflD ehch
wa foud o bc ind€pcndert Aon the ad&rbqrr dosc.

Lu et 61., (35) ch.nically modi6.d th€ oErg€ p€et cdhlN bio6oft.n1 tsing 0.6 mot Lj
cir.ic rcid 61 80 oC and 0.1 mot Lr N!Oi{ sapoaifcalio! ir order ro evaluale $e
n€ch&is ofrhe adeDlon ofcu0D Eu cltdid. etulioc. Fouier r-lsfom inn red
specoo$opy ed elencnral u.lytis *s u*d 10 c.hdlcte,ie the rau o@rs€ peel dd
chmiqly modifi€d biorortmis. Tte pH of are cbqge, b4ic ed eidic sir.s wF ale
detedrined. The €xrent of the rbovat of CuGD were iov€slisaled s a tulction of
$lid4iquid diq ptt of rI€ $lurioo, @ntact dft ed inidlt Cr{D @tmrEtior The
adsrydon dau fincd w€lt inro th. modct obr.in€d by r[€ @mbinalion of Lmghun ed
FEundlich (L-F) ierhdh9 TtE cnmicdly trEt d odAe ret shoved leinu
adroarion @pacily of 1.22 @t ksr fd Cu0D od thu clJl b€ ed 6 e effci€ &d
mst cfre.tive bio$rb6r for thc Ehoval ofcu(Il).

Luso.Lueo ei al., (36) srudied thc se of natural, foonaldehydshaned and copolymeF
Craft.d otug. pel biosrbdr! for rh moEt of pb(tr) tiom Mrewrd, Ih.
tuimm adsrption of lead ru ohwcd .t pH 5, IlE sorprion @!@iry @hcd 99lc
in l0 min fo! mtuml ed rr€r.d bio$rbdrs *dit. for Cnocd @rerilt ir I@t d in 20
tun. The adsorpiion on trar.d biomass fouowe.l p*udo_firn{rdd equton wilh
nuinm.d$rption clleity of ,16,61 Eg gr for e ihitiat @ndtnriotr of 150 ng L.r.
Th€ €erg' dbF6ivc X-oy srudy sno*ld rhat @r.l ads4rion (@rs on rh. su.fa.e.
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Thc su.fe ol the 6&o!bont w lbud lo be reugh by sduiing elcckonic micre$opy

The prc*ne of-Nlt, {OOH &d OH grouls v@ @nlimed by Fouid lacfoms
infiarcd specl,bsopy which s€ dE main srcu!6 on the surface involved in Eelal

binding. A s6 red@tio. of 80/, M obsaed a1 600 'C Ning themognvimctric

Ning{hM er al., (37) Epoll€d thc o@sc pet .h.micdly r€at d witn CaCl, sd Naorr

io. ibe boval of Cuol). The adsoDrion of Cu(U) @ studi€d a a fmtiotr of pH,

contact tjne, tenpemt@ ed initialnctal co!@!r!dion, V&fs Holf.qutiotr wd u*d
to detcmi.e thmodl1rdic pamctqs lilc otropy (AS.), dthalpy ( Ho) and tee
cndgy (ACo). Ir w6 obwed thd ar oprinw @nditio$ the adso.prion of Ctr0r) onto

clmic.lly Bodified oElse pel is qothcdic, sponlrneou! ud felsible in nann. fte
eqlilibrih dara ob€yed Laenut model and th€ roinM adsiprion apa.i9 qs
foud lo bc 72.73 ms ir. P*urro-s@nd.dd modet shoeEd besl jit into tinetjc daia. Ir
w6 foud oDt rhe biosorprio. of CuG) ddlles wilh increGe in r.np€dtue lhr 16

lo 60 oC. The r8enerarion of rhe loaded bio'6 ws @ied olx with HCt slutior for
Ilrlher u* with a lirde loss of bi@ryrio! operty.

Ralmm 
'nd 

klm G8) studied lhe inn@q of Eiou ptu€le,s lire id(.1 Cu(rO
concentralion, biomas conenrra ion, @ntlct line dd pH on biosoiption ofCu(II) onlo
swdul of napl€ wod. Ih. rcmovd of Nt t ioN ircE ses with a! ift€ls ir
ddsorbenl €oncentation wirh a consLst concolraiion of Cu([) in baich dD€rinents. It
M obsved rhai e iercs i. iiirial @n@rlrion of cu(II) 6ult d il 4 inct€e in
net l loading capacity pcr uil of weiehr of sorbehr for a @Drmr sorbcit doe. .thc

i$thems od iedem @sra s tl@ d*ib€d by apltyi.g FEuDdlich .!d lasDuir
hodeb ed rerc obeNsd that isth€m costdrs vdied with pH. MqimM tGding
@peiiy of Ihe $*du51 of @9te elod *q .chicved !r !H 5.0 dd *s found 1o be 9.5 t

M&b .r al., (39) invsti8sted the ability of oEnse w.s1€ bioIIN for rhe ,€nov6t of
C( ) frcm %tewter sqpl6. Dif€Fd f&ro6 afie.titrg the adsoDlioD qpacity lile
pH oflh. sol ion, adso.b€ni dosc &d pdiicl€ sizc \'@ invemga&d. r1 wa3 obw.d
lhat p€qntage of fie meid moval inc4ed wirh imle4 jn pg ad a.t-erb.nl dos8e,
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It s .l$ ml€d da1 erprion c.p&i9 is indeFnded of lhe panicle sizc. lte ld$rption

of C(lll) onto otuge wdlc ws fo6d to be 6 slow procss rtli.g $e dlts for the

eqnilibrim ro b. cnsblished. Kitr tic srudie show€d th.t adsoptio. pltrlA folloetd

psudo-s@nd{der nodel. MdimM adsoDlio. @pa.ily incrcsed from 0.5? lo 1 ,,14

nmol sr *hen pH ws vdied fion I to 5, uirg Sips modct ed the equitibdm da!.

wee well deib€rl by of Sips B{del eith R.dlich-P€t @tr eqution. The ad$.bent m
su@$tully ued for the r€movrl of C(UI) in @ntinuo6 mode ed BDST model w6
u€d to Ep|!@r tnc brqldhugh cwa. 'IrE .dsotptun ca!&ity i. batch node wls

ni8lcr dm @ntinuou node du. io slow kineiics of C(III) adsrprion onto onnge

&ldja et il., (40) @poned hEarcd loc.t nibbd v6d swd6! (&wS) for ilc movst
or c(vl) edo a b.nch sl€ rh,Lirg @ndiriotr. V&ioE pameles likc temD€sle,
pE a&orb€nt doe8e, ellni4 .gert dd inirid C(VI) @nelraiions wer€ hvGtigaicd.

11w obs.d thal .t pH ls lhb 2 ad idrist C(VI) @ft.nrarion of IOO na Lr,
conprele Enoval of c(vl) wa achi€v.d ehei th€ Rws dosaee of grcarer thu 1.5 %

( v) B enploycd. Ite Enoval .jraciry of C(vD d€c@*d wirh inc@$ in pH (j_9)

md initial Cr(vI) conmtratio4 (200-500 ms Lr) 6 tt s.rib.d by poinr ofzm ch&ge
(pHd of4.90. IE E@v.!y ol C(VD Aon RwS ru Epid wh.n I nol L.r HO ws
us€d. TIE rmoql of c(vl) by RwS M fo@d ro be odotbemic od non-sponareorjs
procqs haling posirive eniropy.

Yfl .i a1., (4r) sbdi€d A.sh tisb of Wioph! un ,picotun (M. suicatun]l fot tlE
bioerptior of rbol) ed the €fare of Z{lr) &d cu(U) or rlE bioeryrion of pb(rD

were n6urd in batch an lys6_ At wios pH vdtB dd idtd cotu€nrralion ofneial
i@s, th. biosoryrion of Pb(tt) 6 stldied for sbsle. bine,y ed r€h,ry $ldjoDs. Ir wes
obw€d Ihri the bi@rttiotr c€loairy ierEM wilh ircE@ i! pH valus nbm 2.&6.0.
the bi6orption of Pb(II) s4 adv@ty alfect rl by rhc pEso@ of both Znor) ed
CD0D. IE thc bothm nod.ts: FrcuDdlicb, Sira &rd t&gbun w@ 6tud b rh€

dpqnn€nral dola ed w€re foud thot onty Sips model shows best tr for rbe
€xpenmenral dar4 wirtr ida& ir onenr"rion of copFr ios, tc bio$&tion ot
Pb(U) derGed in Pb,Cu binlry sysld ed ihc @npaitve mo.l€l of tflSmuir welt
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fillcd ioio biosorplion equilibnu data obtained &on the binary metal elutioos ll my

bc @ncluded t!!t biMft.dt (,1/. qta,@) hrs ro pFfe@e of rb(ll) oB CuoD

duing biosorplion of thes. nei.ls on M rytar@ in binary elutios. lhe intedction

b.t*ea Pb\tr) ed M. spi.atw was ch,fuidizd si4 Fouier tasfom iltaFd (IT-

IR) spe6!s!y. The esults show tln $e biosoption of rbol) w6 tlnc d@ d@ lo

1,hc pcsdca ofcebonyl, hydrcxyl and wboxyl srcups on th. biomds.

Lawsr er at., (42) Eponed s€.d h6kot CatoptlyUm i@phltM (C. itu?hr|M) tu 6.
@oval of Pb(ll) fbm indsaial md6. fte infl|EE of pH, @nracr thc, lenpcBt@
&d inilial coMnthlion of nclal idnj o. biosrption €quilibdm. kinerica and

lnmody.miq w@ studied- As the iritial @DmrErion of n€rat ioB incrrs€s, @

rnoM* in m€ial uptake w6 d$ ob*oed. fte pH ofsotution ws! oprimihd as 4 wiih
nqimun l@dirs €pa.ity of4.86 ng gr ad 97.2% @ovrl of pb(rD. On @neorien
qith Frcundlich nodel (R, = 0.7984) ed T€mtin hotlel (R, = 0.8761), rhe LMsmut
Eth.m hodel sho$€d b.sr ft inlo biMrption d,la of pb(n) ,ith hisl @ftration
c@ffcient (R'z = 0.953D. Tbe k8er8E! Deudcl,', ad Ds@do,2d-order mod.l w€re
n[.d i o bio$rplion kincrics @d @ foud tbal ldnenc dlra shos b.sr lir in peudo-
2"! {der kinelic nodel. The biororption tr4odynmrc stud,cs *.. onduccd b
dclenirc the O€modynmic petuetqs s@h 4s sled2rd €nuopy (AS). st ndard
othalpy (All) ad cibbs Ee @r&/ (AG). rte €ldortmuc e .F u6B EtE or
tn€ biosorption of n€ral ions onro C, iwp@tun w s\oq roh rcse sulis, The
biosorprio! of rte pb(rl) r.ke plae d dw b hydexyl, mire ed carboxyl soup€ s
shoq by Fodid ttuslom innarcd (FHR) spetros@py.

carcia-Rosles &d corh-Cro (43) t p.Aed zea dars (t!. narr) sralk sponse for l^ne

hosorption of P(tD Aoa wrewtr.r s@pl6. At oprinh pH of 6 + 0.2, rhe inflm@
ofane ration oa met l iotu ud @niacr tine on eqlilibrim dd kinetics ofbiosmtion
of Pb(n) E studi.d. Thc erprion ffigcdG of pb(r) by z ,ar{ sralk sponec '6deeribed by usiry FEWdli.h model dd th€ lmiDM loading epacit, of pb(I) wd
found b bc 80 ng g r. p!.udclr ed p$udG2d ordd kirctic models v@ fir.d into
b'osoiltion kiredc studi6 for pb([) dd rh. kioelic lafu.teb vft ca]cutaie<t. Th6e
nod.ls showcd lhal pseudc2d{rdcr ldnedc no.t€l b€s1 fit inlo $rpron kineric of pMI)



on z tu r with hish @ftlation ocfrcient (0.9998). It @ be obsF.d th.t biosplion
capqcity siricdy deFnds uron pH dd Z ral stalk spons€ wa found tcl hc m elIedw
biomN for lh. moval of PbdD-

MoMvi ad B&ilbin(44) iNsds €d t\e moval of C{YI) froe @ntrmiDt€d

s.re' Bins Pist&hio hdl powd* (PIIP). IIE biGorprion ofrh. C(Vl) wE @nducrd

under the i luene of pH (2,8), @nracr tmc (l-60 nin), lemp@nrc {5-50 "C),

on@nFation of PHI (O5-8 g fr) !trd C(VI) cr.erration (50-200 ne U').
Appmxinat iy 99% of r,he Cr(vr) *s adeft.d on pHr fron etutiod conraining 50,

2oo ns L r ofc{vD sfrd equilibnrcd for 60 bin widt a @Mnrdion ofadsorb€nt of5
g Lr. Ar inclte in lqnp@rw Aon 5 [o 40 "C €u$d d inctle in lPtml
ad6orplioi of CI(VI). Ile tasNt ed p6endo-2"d {rdd dodels sho*ld bqr ft into
equilibriuh od kioetic dala cpetively, Ihe Largmuir mod.l M usl io mtute the
tuimM rd&.plion ci!{ciry sd h fold lo be It6.3 oe s ' for C(VD olio pHp.

Th. tuor€i of C(vl) fiod indusrriat wr€r ws @i.d out ro aDty& rhe MDtion
abiliry of rhe PHP. A declEe in @ncorlrid of rhe c(vD filn 25 ms L.r b l.s 0trn
0.05 n8 L r w6s en lrins 2 s Lr pHp and b.ins equiribEt€d fo! 30 ,nin. Ir may be
concluded foo lh€* sludi!.s rbal r.arne,t of induEiai D!6r.qa&f. @!r'm8 c{vt)
uing PHP is a simple 6nd rcaso@ble DD6s.

R.ddy e1al., (45) uFd Mffi.8a O/rrf,a trav€s (MOL) ano cnmicat bodificalion with
h€$ rnd cihic &id (CAMOL) for MDlrt of phG) fom wla spls, Th. biMrb€lr
ws ch@bized by FT-IR, SEM ard .t@qr.t sturtia Ttre bio&rptio! studia v@
perfomed 6 a nndion of rchFrane, .quitih.tior tine, inilial oeial con@niration,
erb.nl doui, lnd pH of rhc elrto!,,ftr sd$r ioD kindic nod.k NdGt,.
psudG2'r ed inr^apanrcte dim^ioD s@ us€d io aadrzP rh. bi@rprion lueuc d&
tl'c Frcundlich, lrneouir T.olh and Dlbidn"Raduht€viok isorhm modeh wft
E d Io fld oul rh€ bio$+tior €quilibrih dar.. Tt cquilibri@ d.r! ar a kqsdtu@
of 313 ( ws well tned ir Ldgmuir model wirh trAimh loadin8 qldjty of 209.54
os gi. Thc endoth€nic, sponru€ous dd th€ feasibte Mtft ofr\e bioerption ofpb(I)
o.!o CAMOL I obs6Ed toD rhe rhcf,nodr@ic f!ct6 sst as AG", AH" ad ASq
in tne teftpedl@ @8e of 293,3t3 K. Bioerb.d B EgturElcd vilh dihr! HCI
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soldioo to tul€ it fit fo. tuntrq aderption snldies. Th. biosorplior of Pb(U) vs not

alrd€d by th. pe@ of soft c!I!m! D.ral io6 lilc N!+, K', Cl' anO Vl'. Ir my
b€ oDcluded frcn thee Bulls thal tl. emordl of krd fiob ulstcwlter wa
su@ssfully a@onplished wirh CAMOL bioms.

sha et al., (46) invesiisared dE adsoildon behalior offve h$y merrls (Ni(rD, cd(u),
zdIL Pb(II) and c(ID) on o@ep Fl xerhd€. Th€ oFngc pel x&6aL ws
plepaEd md ch@cteriad usins Tc aulysis, Z€t pot€ntidl and FTIR studi€s. Diftercnl
f&tos srch as adioprior time, .quilib'iM pH, and iniriat melat ion @n@rration
afl@ling de aderplion pll)cs wrc invcsdgr,rd. Mrxinm ad@ryrion ep&ili.s of
Ni(lD, Cd{iI), Zn(lD, P(rD.nd C(l) 9e foud ro b.15.45,76_57,49.85,2tt.t4 tud
77.60 mg Btcrperirclt. The adsoDrion dala foloved Il,lgnui. nodet fo. a fivc
nr!6tigated netais. Equilibri@ w6 $lablishcd virhin 20 Din ad tbe kiftric data

obeyed peud,Fcood-ordd .qulior A complqaiion dshoih w sugs€sted for rhe

Lians.t al., (47) @nverred on g. pet (Op) ido ts lowt ad$rbe s: KOp (K+ t'"e
olange p@l adsorbcnr) and MsOp (Me?'rype orage p.et adsode ) ad wc@
ch,mctnzd b, Ni.g SEM erd FT-IR Th. infl@ne veioB lEdn.r6 ljtG d€rat ion
core.lratiot! onlacl ri6c, pH oflh. sluiiotr &d eli.fliqui.t ,alio wc@ inverigatcd tur
the bioso.plion of Cu([). Diffei€nl isoth€ms nod€ls like Dubinin-Redusl <evich
reeEut od FFundlic[ rw u€d b a!.lrz th. cquilibnu d,ta ad B foud rh3r
Lsnsnun nodcl w6 the besr choi@ 10 .Lsib€ l,'le ad$Drion of C\oD by bot KOr
dd MsOP. Msimm ad$ryrion clF.ny fc Cu(II) onto KOp and Msop m foud ro
bc 59.77 ad 40.37 ng tr Gpativ.tr. A! iMqs. i, oniacr rne tc&l io e incE!$c i!
cu(ll) adsDiior ed equilibrih B &hiev€d wiihin 20 nin. Foq differenl rinetic
nodek: i.rraplnide diflsio!, Etovich.q@rioa pedofid and peudcs@nd_od\r
wee ur.d !o cxei@ l!€ kinetic dda tud w@ foud rh.t tilclic d,ra foliourd seldG
3@ld-order .q@don, h ws ob6ep6d tiom tErnodyoinic studis 0Et adsorplion of
C!G) by KoP &d MgOp is dotbemic @d sponrsr@N i! dw.
Ning<t@ er a1., (4E) cnaicjlty modifi€d oErge pet wirn NloH ad irv.steal€d ils
use for thc adsDriod of Cu(lt). Sc&njrg .l@Eon microMpy, surrae eea &.lra ed
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infiud spatmscopy Erc wd to chmcLriz lhe adsorb€nl, Th. z€ra potdtiab dd rhe

tolal n€gatiE ch4gs on lle surfaa ofth. aderbent EE dermir.d. ftc injlue]6 of
tne df*nt prlMel4 like tdFniur., @oqrralion of .dsolb.d and pH of ihc

sluiion on tl'e kjnetic ed eqlilibrim bioerprion slr ilv.stiga&d in b ci s'stems,

The .derb. ws appli€<! in @lum node ro rtudy its pia.tical +plic.bitity .nd thc

bMlthreud cwe l* obisilcd. Ill. adsrption foloBrd D*udGs@ndard€,
kjnclics ad rhe equilibiim dala besr fincd inro bol,'l Frcundlich ed Lmsnut nodch.
Mdinu sorydon qpeity for Cu0I) Mordin8 ro LsgDuir.qurlion sls fou.l io be

50-25 og grar pH 5.3. IlE rsulls stowed rhrl .dsoDrion €pacity in re*! b)
chenical nodinc.don of th€ adsbenr wiih N!Oq.

olbiEja (49) iDvesrigaEd sawdBr of th€ Moda woorl fo! the Enovat or pb0r). Dle
expetrnd|ll dal! compler€ly foltorcd psudo_s.cord{rda kinerica white fiIsl 5 nh of
0r bioerplioa plr$ foliord Aeudqtu${da tictics. ,n imFr|,,c of ion-
.xchdee duira f6r 5 nin h indicated by sinits !Etu3 of p&udo-fssr{rdr 6ie
@islanl (Kr ) and ion.xchesc @nsraft (s). rr vs ob$Fe<, 1har poie md firn djtrlsion
*s de@s.d eirh pb(Ir) @nc@r i@ whle rh. iraap€rrict. diftrion aie im@sed.
Tle ioitial biosrplion es inr.medisre $ ildicd€d by iliridt bi@rptioa fa4or (&).
Tnc signifituce of ion-dclE ge dM.8 biosorption pD@s w6 @nfimcd by e
mc@e m @n+rchaac pb.mt]]@n dd . d.c@ in @oEt of pb(tr) @o!€4 Ir
ws ldud .ha1 inrralsnicb diftDion rare inc@s.d with bctte ir r@lcmtre white !
d@se wa obscrued in F€ &.1 titr diffrsi@. Irrc hignest valuc of !*trdo-seond"
orda tiftIi* &d ldiwrior .na$, of fttn dimliotr in&qr€s rhrr l!€ oveD]l Ei. of
biosipdon proess ws @ntFllcd b, &tiv. lanicilalion or ,on{xch.Dgc noD D$udG
send-orda nodd tud filh ditrsiotr.

seneiin (50) studied tho adloprjon ofcd0D no|n wsteMtc snd6 urDg urb€aled
swdu$ ofPir6 ,a/epr6r Th. sorprion cm.iency s!! iav€srrgat€d in bdch s,Brem a.,
a lwtion of Dclrt @I@rdio4 aderbc doscj pH dd @nrad dEc MdiDm
adsorytio. ofcd(lt) ws &hicved ai pB 9.0. i4uitibriuD @ €st btjsh€d in 10-20 nin
when the @nenrllion ofcd([) B in thc mee of 1,50 mg L,r. Th. @oreb ,€moval
ofoE Cd{ll) qs &hia€<l with t0 g tjr of.derbc fioh a elulion coot ining5nsLr
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Cd0I) withh 30 min, Ihe p.e mov.l ofcdcl) dc.Fiscd &on 100 lo 8?96 wilh

lnclEe in Cd(ll) @Matalioa whil. iiF aderltior .!pa.ity i!@6ed fron 0.1 I lo 5.36

ns ei. ]te F€undlich horhem was rhe b.st choie to dNrib. the equilibnM d.la win

a @dbrion @fEcidr (Rr) of0.960- P*udG*o'd-onla nod.l B followed by the

vinodhjni ed D6 (51) us€d swdust ofneen wood 10 rhe mov€ C(VD fbn tlJltrery

wssrewrd in a fxed b.d colw. The inflM6 of difeqt pam.re6 tike flow nre

{5-15 nL nii) ,nd b.d dcplh (J-l i d) on ih. bi@rprion of c{vD weE irBiigd€d.
The dpcrimenial dara foltoq.d thc bed d.pth seFi@ dme mod€l (BDST) drl $e
ad$rprion erlcily B founrl to b. 33,009.9 hg g'r ushg rlis modet. Etuiion w
@ied out with 2.0 N NaOH $luliod on€r ad&+ti@ ro rcgtrE]. rhe @l@. The

r€cov€ry of c(vD w4 nor rach€d b I00% in @.h cycl€ dE ro rhe reduction of
sd$.b.d cdvD !o C{tr) in !h€ surfae of bioerbot. Thc eflcl @io6 otr lhe

ad$rption of C{vD b c.ri.d old i! @llm nodc &d ir w ob*oed th.t rte
pre*nc€ of i!e!e ions de.Fasd 0F exlElslion rin and brcakrhrclgh cw6 of trF
@luM. ln ordq ro &hi* rh. stand..d v.t@ (0. I ms U) of rhe C(!?, slallish€d by
thc Cenral Pollution Conrot Bo.rd (CPCB), abour 3.75 L of lamery cflluenl \N@
tEaled in ln@ biosrption cy.l$. It {a6 ob@ped that sqdust of nen \@d 6 b€

N.d a a bq @sr &d .fficiar bioel!.lr for l!. Ebovd of c{vD 8bm rsnnery

scliewer and lqbal (52) sludi€d rhc @oval of h@vy helab Aom wsiewa!€r by Nilg
cnru p@h. 't!. ele ofpddn in n rrr bbding w$ eBtEl€d by onpeinS rlD sorpiiotr
proFlics of mrive ohrg. p..li cirus poclj, d.pccrj!.Ld Fets, !ror@i.d pels ed
€xltuted pectic &id. TIE equilibn@ was .sidlishe<t iD on nou s mdi€arcd by kin ric
dal4 On enpdi$n with s@nd{rd€. nodel, rh.66r-ordfl modet ks {E besr choi@
ro d*ibe rlc lireric d!r& T@ &idic sir6 wirh p(. v.lu6 of 4 (@toxyl) dd to5
(hydrcxyl) w€rc shoM by liratiols, A rrc"site mo.tel m alplied to delerhnE th€ DH
dcFndenr suf@ clErge. Borh FandLch ad L&gmun Eod€k {F fiftld w itrro
sorption d.1a by 0ssunins a I : 2 binding stoicbiobery. The |simm binditrg qpscitiB
oflbe studied bioso$eDls wr€ fouad in rhe following odd: pcciic dcid (2.9 megli. gi)
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> p'oio@led r.€ls sd Mtiv. lEels > depecriDbd p@h ( L7 h€qui. e 
r), 

which lbow rhe

olc ofp€ctin in metal biDding by cirnE peh. tr E foud rlal d.perimr€d pc.ls w€E
slill good ad$tbenis 6 d.peri@rio did mr corrptcr.ty enove tlc .lboxyl go+s llrl
ud€ involved in melat binding. The pFs.@ ofhydFxyl and wboxyl gouls ed their

'nvolv€m.ft 
in m€ial bindi.S M @n6med by FI_IR spern in su sturti€d @terists.

Pcreim cr al., (51) Eporrcd lhc @oval ot Z!(rD toD aq@6 slulions md
er*t oplaring \hsre*.!er lrirg ctmi@I, r@ied $$od sedur of MMit aro sp. ,!r4
chtuically hqred swaeoe bagasF. Ii6{r, a noditbs agmr, 6e
elhyle.edimiiererJacetic di&hydrjde (EDTAD) es ued ro intrlduce uine ed
@Doxyl greups i.to elod $*dqt ad sugM€ b.grse, Infiad sFcEospy 0R)
a.d CHN \l@ 6ed r,o oh&&reriz€ lbe rewly ,rarhesized biNrb€ars: Dodif!€d rood
sa*dBr (ES) dnd nodifed ogsl@e basNe (EB). Soo.dry th€ ad$rprior capeny of
Zn(lD by ES &d EB rc dallared lsirg aq@u sogt. m€&t eluriotu ed Fal
el@troplatiq s!$ew.rer .ad th. con@ratioB of U€ ,r{ID I dclcdincd ujne
indrcLvcly @upled plMa (tCp.OES) atrd drKr rr(erion wirh EDtA, ne Lanenu;
nqlel B usd ro d6velop lh adqpijoD isolhcms, The I]r.euE ad$rprior capacir.s
orzn(ll) weE foud to b€ 80 mg s-, &d t05 Dg sr fo. dqu@c eludoB whit. th*
valu6 wre found 10 bc 4? ng g ' and 45 ng g,, fo. b.lurial Micwat€r for ES dd EB
Bperivcly. Il b obm.d rhal rhe p|!s4. of o|bq comFrine cariou tud /or
inlerfqin8 ioq, n6ily Clrr ed Ct, in rbe RBtdlrer reduc€d Oc moht of Zn(U)
Ibm @t water 1hd spilcd mplc! of zn(!).

Mtuin er 01., (5O iokstisalcd lhe rc16 of 0rec major tu ctiolrl greup! like c&boxyl,
hydoxyl ed dine ir rh. osrge Br fo. rhe moEl of crfltr), Cd(rD ed Zn(lD. rh€
@ntrbulie of rh* tunctolrl greuF u rie&l bilding ws deraeDed by btetjrS
these g.oups Mlh ch.mical b.drne ofrlE biGorbdt. Tbe.n€Drcat bodifidionofrhe
D,oerb€nr B inv6 gar€d by slid $ar. calbonl3 Nd@ Daercric E!oi$.e CrCNMR) spel.(eopy ard Fouis rlsfom intlGd (FT-IR) sFctlotupy. The danlsr. metal adsrltion capa.ity oftd. ch.hicslly reat.d bioso.@r ws .rrjte@incd in bar€hdpainds Th. oelal binliag .€pa. y sE rcdued by bbcking of COOH Iroups
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teud clmicll crlerG€lior HoEv.r, riE o.t l En|ovat ability oflhe osrse *asc

wd nor siSninca y chang.d wid! methylation ed @tyladon.

witek,Kmwial e1 al., (55) @poltcd pqnur shell for rh. mowt of CruD dd Cu([)
fio& Eieqad snd6 'fte oFlri@l @nditi6 for bi@rpiion tike Ibe .If@ts of
tempdEtur€, initial pH 4d idnal c$c.dlation of bionEs w€F opriniz€d fd @h
med. KnEri. pr&nete6 re d.tabin.d by coFlslion ofexFrin nlal.ta1a wnh fou
kindic nodcls leely Elovich €quario& powd netor equdoq ptrudGfiFt drd
peudo-sond{rder. ft. biosrption equjlibdm ws! d66iH by 6jng fou w[
klom .d$rptiotr ierbctu. FDuldlich ad L6g@i. (t*o_Femrer dodcls) ed
R€dlicb'?eleson ed Sip (th@.psrucr.r nodelr) wre applied to the qDerin€ .{
&ra, which showed rhar rh. bios6.nr poss hish adsoDiion 6pa.ily ed allnity for
c(lll) dd cu(lr). 'r'hc nonolayd adeDtiotr car.cilie for C(tu) nd CuoD wE foud
lo be 2?-86 mg g r ed 25,19 ng &r esp@tively. It ws conctuded Uat p€{ur shelt cd
b€ used 6 !r altc@rire @d ctrEriE bio$llctrt b tu@ the tory n r.b Aom

FenE cr ar., {s6) sponed the biosf'lion kinelic, equilibnw dnd ficnodJrjmic of
Ni(ll). Pb(Il) .nd cd(It) tos rq@c slu0oB Bing gnn€d @FlyndizlrioD norlifi.d
or@gc p@l (OPAA). The biosorprio! of berd i6 onio OPAA ws d€$db€d by
applying F@undlich ed L$gEuir i$rLem modek. 

.ft. 
b'osrprion studies w@ cdied

o 6 d nDc{on ofconlacr rime ad pH ofrhe soludoa. The .quilibrium .h1a fin€d wll
into tsgnui. hodd showine soQtion qpa.itiq ot 162,6, 476,1 md 293.3 he g,r for
Ni(n), rb(I|) s'd Cd(II) Espoctildy. Thc bi@ryrion c.pa.ity of rte rlated oms€ pel
inc@sed 16.5.,4_2- ed 4,5-tine s oDp@ to utrEr.d oroge p@r io, Ni(I), pb(I)
md Cd(lD Bp€rivett, pscudcsmd{rdq nod.t lin { wel i.to ki!.iic dar. ofN(lt),
Pb(!) &d Cd(U). Thc bioerprion E foud io b. spo .Mu in n turc s jndicdcd bv
nesariE valus of frc enerSy chaqc {c) for aI 3tldi€d nelal ioro. .l 

he in\ otv.tuqL or
the hydrcxyl &d @toxyl Breupa in Bcrrt bildirg ws ild!€rcd by Fr,IR srudid. ,{
solution of 0.05 nol rr HCI wlj u*d 10 tlelorb Niot), pb(rr) ed Cd{tr) fron rhc
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EXPERn/mNTAL



3.1. Experimetrtal

l.l.l. Colletiotr rtrd pftp.ntio. ofdrD.!a!

A veiery of biosrbe 5 l'd $l6t€d for ou studt€s The* ilclud. sawdBq *as1c ter

toves rrd otug€ pels. A bri.f dEcrip{ion of @U..tiotr md pE?&dion or tre
biosorbenb is given below:

Saqdst of nulbdry wood ws @U€ct{td frb a lo.d $* nill in b'!k and tt! bi8

panicld of sood ww separatd @udly. IlFn n *6 pssd thrcud si€ve of 355 lln
n6h s'z b obbin uifom si. of ihe swdusl. A wighcd 

'mut 
of this uifon siz.d

swd6t (10 s) *6 tl?sf.Eld in a beks (210 nL) 4d added 100 mL disti[cd wt r

ed contin@d distilled vsrd addition up to 200 nL lo @Dpletely $dk the ssdust in

b.{k6. wbo s*du5t c@plctely sltled dou lbe! dei,r€d Ihe distiled wt* &d

tpet d 6is plo.$ for *vad dn6 uril the dadt d wt r b6orc cl€eed. Savdc(

ws Ltm fillered thrcugb ordinary fit* paper dd w.shed again wilh disliled wal€I lo

rcmove @mplct€ly the dust paniclq Clcla.d md daobnzed s*dul wa dri.d in e
oven till @slrnt Eigh anrl sioEd in e air iight botuc for tulls w.

3J.l,z. W$1. t clE s

w.5re ra l6v6 wE @llccr.d h h& tw l@.1 i6 nrLing shops ard R@ dti.d,

Th6e weE cruh.d dd po*d€.cd wiih p.stl€ in 6 nodar. The powdd€d l€av* w*
sicved to obtaii a particle size lndq 355 [m. A ftished adpDr of uifom sized wasle

r* lare (10 g) 6 ftu&n <t i! a bat r (250 mt ) rjd lddcd t00 6L of 0.4%

fomal.lehy.l€ ad k@t ovemidt. And ovcmighl keping th€ elution m d@r.d dr.l

added distilled water. Th€ d..$raiion proes m conrinued ulil rhc dbrilt€<t wate.

beon cle.Fd. he *st! La le@ obtaict alL. d@d"dn4 9w fitded thbugh

ordinary tlt€r papa and Bh.d aeajr qiih disliled wi.r. Afta filrarioa rh€ clarcd
md dMloried qste teo lqv6 s@ dri.d in e ovo till6nsl&l wight ed srorcd in

u air dgbt bonl. for nm&r @.
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3.r.F. orugc pels (oP)

OElse Fels wF col.ci.d &om jui@ sl$p€ ed rsrtfd *ith distilled *at€r 10 @ov6

lhe dirt !anicl4. Th.s p€els were cul inio Mstt pi@s wirh sis6 dd lept fd ev€ral

&ys in s@ liehr. IlE &i€d p€els Ee Ei.d.d uring a grinder 'nE bis pEnicld wrc

$tmLd mually dd cruhed with petle in d mottar' Thm thde peels ll@ si€ved lo

obtain a parlicle si4 uldq 355 Fm. A wiSh€d Most ofth€s ujfm sired Fels (10

g) ws ltsfened in a bal@ (250 nL) &d addcd 100 3[ distillod wal€t ed onrinued

sater addition up lo 200 mL to cotnpler.ly sak the peeh in L\e b€alrcr. When ordgc

!@1s wre onpletely seltled down th.n dddLd lhc dislill€d *aLr dd Ep€aled this

po@s for *!dal tims ulil the ds.{nl.d wald bccohe cl€ded' Otog€ pels *€re

dEn filterd iteueh ordilrry 6lc! p.Pd ard Mhed lgain with distilled Mter to

ompleiely rcmovc th€ dust ptnicle!. Cldcd &d decolo.izrd o@C€ p€€ls wft dried in

e ovo fn @si6t Eieht ud stoEd in e sir tidl bonle for fidh* w.

3.1.2. C.rbolh4ior of erb..tt

3.1.2.1. S.wd$a c..l,o! (sl)c)

A wigh€d aruut ol uifoD p€nicl€ sizd s*dst (20 8) v4 loided in m

indice@nny ddigled Ptd vcni.al tubul8 sbss r*bi plt .d it a tub'nr tull@ ard

h@1ed ia th. tubr ar 100 'C for @ hou, Tbe rldt nte B th.n incFis€d 6l ihe

61e of l0 "C lnd ddy hou and k pt !t 250 'C for tbc hou6 fo. @mpl€re collrsiot

of ewdul into 6bon. A knoM doun of th's @bon ( l0 g) B ttffifered in a b.sl€r

(250 nn) ed added 100 mL disiillcd wGr to it sd .ontinued adding *!ter b n up to

2oo nL 10 conpl€lely rc.l the cdbor in bcticr, $then the @bon cmplelely setded

doM fien d*dled lhe dirliUcd w.rd md Ep.aied this prc@$ for everal tim6 ulil
lhe decmt€d *ata bc@N claFd. Cdbon ws lhd filiered lbrcus! ordimrr 6lter

papd &d washed agrin wilh dislillcd waar. Clc4€d 3d d{olonred dbon wd dded

in o ov€n lo gel a coNlrnt qeidll ed slored in a 6ir 1ig)i boftle for tunld !s.



3.1.2.2, Cr.bolir.d oru!. pcl (CoP)

Csboniation of ihe oiaogc Fel @ done using

3.13. Cb.bic.l tr.dn.!t of erhdls

rhe lame proedure as for sawdust

In order to .nhe@ the sorplion ability oflh.se $rb€nls, il w n@sary to nodiry iE

suth@ by cLmical lr.ttunl. n!@6e $qds! erdst dbon ed otu8e pel wE
modiE€d by ch€nical hcitm.nt befoF e for adsorltiotr.

3.13.1. c!.ntsl tsto.lr of smdur

a krom moum of uif6 pdriclc siz.d $$dul (10 g) obt ir€d h th. prio6 snp

wd kesfqr.d in to a bcaker (250 mL) md add€d !o ir 200 nL of 1.0 M HCl. tltc

mixiE vls kepr oveniSbt. fte ruFr6cial &ldior M! rho d@!cd lnd ad.led 100

DI, disiUcd wlq ad.sain d-$ted. Ilc elution B dc..nled an r al addilio! of
distilled vatcr .nd repearcd lhis pM6 mtil th. &mted watq bc@me cl@c{
sawdusl M then filtecd thrcugh ordiMry filld paper ed washed aganr with distilled

@rer. Cl@cd &d d@lo.iz.d e*dusr *6 {iried in e ov6 till @ctad wiaht and

sloEd in o .ir tighl hord. for turthd w.

3.1J.2. Cl.Diol b€.lndt of srrdull c.rbor

A rmM amut (10 g) of ldfom p.nict. sizd svdNt 6bon (SDC) E tusfcdld
in lhe *pd6te beak6 dd a<tded to @h b€,tq 200 hL of 1,0 M N.OH. HCl. md

HrSOi. IE Dixt'G we koF ol@icht. The $p€rficid soturios \N@ rhen d@rcd
!d added b ii 200 mL of distilled wr.!. Th. distilted vdcr v6 .g.i! d6&r.d dd 0'e

po@s rc rcpclted mril UE de.a&d ward b.@n. clded. SaEdusl c{bon @ iho
nlbed threud ordinary filter plps aid whed again wirh distilled waiei claned ed
dMlodad s\{dusr ca.bon w5 dricd ir e o@ til co$|rDt wighr ed $oFd ir & lir
tight bold€ for ndhd usc.

Sinilely, a weighed dount (10 g) of HCI and HrSOr treated $wdusl @bon ver€
rufe@d in b sep@te het4 and add.d 1o it 200 aL of 1.0 M NaoH $lurior lo .&h
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flssk and kcpt oMight Th. $Frficial slulioB v@ lhd d..di.d sd ddded 200 nL

of di$illed $.r.r. Th. di$ill.d qte. wd.s.in d.csled dd $. p@s @ Epst€d

util tbe d.calr€d Mr.r b6on cld@d, Sasdut dbon w thd fllieed tluough

odinmy filter papd ad vashcd ag.in sith disrrlled mLt Cld€d and de.olodzed

$wdui cdbon ob|.iied M dri€d in e orcn litl @ns16 rcighl tud slorcd in e air

tight bodlc for tu tha e,

3.1.33. C[€oisl t..rab€trt ofonrg. pllb

A knoM eout of uifom p&ricle si&d (@gr p€ls (10 d obtsin€d in rh€ pBios
soep wrc r.6ferEd 

'! 
ro . b4lq (250 nrl.) ald add.d to n 200 rtl of 1.0 M HCl. The

nixrw *!s kept oEhight Thc superfc'd soluton m thco ddarr€d.nd add€d 100

mL distillcd waler &d asain dccanbd. The solulion wB daeted aier each adirion of
dislil€d sarq ard FFlted ihis plt'{s @ril rL dq.lred wqt . b@nc cl€r.d, nE
orar8e pccls w€re thd tltercd tnreugh odiMty liller papd ed wdhed as.in with

distill€d v!la. Clerrcd ed d!.oloiz.d otuge peh s@ &ied i, d ova io 8el a

@nsta q€ighl ad $ored in e dr tidi bottle for 6dlF @. nF re$liins srb€Dt ws
d.sisnaled s acid E .1cd o6se pei (AOP).

!.1.4. Colbcriotr ol e.t rlropls

walq spls l@ collerd toE rhc aur&€ end ofnq Badr,tr.4 p6haw& !trd
rivd swl, Pakisrar. Tl* s.&pt6 wr firreEd h.f@ erprion prcedlb to more
sspeDtled pdnicls. Tap vsld en * w@ @ll@i.rt froh ou reseeh tabonrory of
P€shawd Uni@ity &d uild pitbour ey pErrEhor

3.1.5. C[.n teriallo! ofso$elt

]lte srb.ir5 &d th€t cdbo.iz.d producis w@ chedctlajzed befoF dd an6 chcmical

l@tnots. Vriou lehniqu.s like IT,t& SEM s|d EDX wft us.d ro s.errrin rhe

p!!s@c of vdious liDctio@l goup6, po@siry !d el@rat @noosirion of rhs
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3.1.5,1. Clrnct riution $itrg FIJR

FT-IR spedra of th. sorbdts w.re obLined by uling NICOLET 360-FT'IR'

nEmosidnfic. UK, Fouid Ttufonn lr6!t!d Sp€tloplrclonetd 6lons with

oMNIC Xr softvde ed conputer co tol dkc (ZnSc) util. ft. fTlR sp@ta oflle

wgles w€€ rc@rdqd in df cgion of 400-4000 cm r.

3.l.sr.Chnct riutio! bt s.!!i!g.l*ln! DictulcoPv (SEM) md .!ers/

dilpeEiv. x"ny @DE

1tu morybologie of tL solb. Pldi.le v!r. dalv&d udng s')@i4 .l6bon

nic6sp. (SEM-ModelJSM-5910, Jtp{tr IEOL) .t Cotdiz.d R4u@ t boErory,

Dcprnnot of Physi6. U.i6ily of P€h!w. For 6is pu.pd€ the softdts p.nicl6

vrc noud€d on rLc bB dis (1.15 d ! 0.9 @) 5nd auioDlricltlv dalvz.d Bins

@D9!&r ent@. TL .lctBLl ladtsa *@ Frfom.d Bi!8 dislesive x-6v (EDX'

INCA 200 Oxford |larrudmrs UK).

3.r.$, Sw{.c. !frr .!rly!it

BET-Nr ldsrption dpdit@ts vw @nducLd @octdcaUv ol _l% 'C usiIg

QMra.hM. NovA 22m. surf& @ & Pot! sia ddva BefoE sderplio!

qpaindc, ltc elbal sinpl6 \id. dcgs!.d at 120 oC fot . P.riod of4 touls ir
Dirrogd tucph@, Sufa.c srla wls otiri!.d by 4plviDg lh. stddlrd BET equdid

to lbc diorprion d.h in tF Gt.livc p(6@ (PPd tu8e 0 05{.35. Thc vdw of 0 81 s

ftLn dd 16.2 x lO 4 n': wF u!.d fo. tbc &Bity of liquid nito86 .rd thc md4ubr

!@of tte.dsorbst niEos.n at -195'C r€pelivcly. Ite poe siz. disltib ion %
detemined by DR-hethod cing thc NOVA wi!2 d.L edysh $ffwe
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3,1.6. D€t€nin.rio! of !i.kel, lqd .!il c.dDim utilg donlc .btorplio!

spearepbo!oE.rer

Flane atonic abGo.ption spotophotob.lq (Patin-Eli6 model AA200) M Nd

Al cn€oi.rlr ed Mg.nts Lt d ir rhis wrl *c of eattricd @gmr €rld€ puity 0d
wrc Nd s such without futhd puificdion. l00O tg DiLr alomic absorydor standard

(Merck, Dmst dr c€@y) of nick t, Lrd aad .ldojm vlF uFd. vortins srrdard,
w@ prcpftd fBh e&h rhy from $ilrue se.iat dilution of s1o{t &lulion.

nE @med.d i6irua&i p!,rmels u.d for rElysis of irrEe Eclals ft sivd

Tlblc 3.1: Reohn€d.d tBrlue rt p.nEete6 for !.l.ct.d nerd! (Ni, Fb rud
cd)

232.Q Q.2

243.3 0.7

228.8 0_l

Preprritiotr of ltsdrrd.uF6

workiDg s&!d!ds of cr.h n.rat e@ prepar€d tDn 1000 ps DLi atonic lbsorplio!
sladad (M*k, Dadsladt G€rney) in rhe lsge of2 io lO !e nur for @ch nellt,
the inshlnot aubmriqlty rn asuld rtE @ncenralior ofe&! rndal non rhe $.ntud
curye. Sidd,rd cwo ofibc$ D.lats @ shoM jn Fig. L t _3.3.
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ItglF 3.1: SL!.htd .!ft fc d.i.dl|tdor ol Ni(tr) uilg 0.r. ttoDh
.borptio! lD@trclbotonet r

0.03

0,06

E 0.04

0.02

0
2468t0
ccrdo oar@ tr rli)

t2

FigqF3J:St.drrn.rn for d.LDb.tior ot pt(tr) $tns Ou..todc
cbro4tio. qr4rrlltot r.&r
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025

0_20

0.15

0_05

3 t0 t2

rk!rc 3J: SLld.rd.w. fo. d.tkDbdr ofcd0t) uilr n i. lrorh
r!{o.ptiotr lp.ctrcDbolom.!.r

Ptue.luE fo. rl.&hi!.tlor of uor&od.d D.itl

AfEr @b qFdmqr! i[. IilFaL @r.ining udlolt d mr{ r@ *w rresfcrFd ro
| 00 nL bluctric tttsk ed dilu.d l+ b Ddts Bitb diniltcd qatd_ Th. stuti@ lN@
anabzed for l€sFciive m.bl ions uing aromic .ber!ri@ stEcllphoioEcr€, ar
oplinun olditoB. 'nte concoruiotr of .sb n ial in lbe fitrlre ws c{tculd.d Nim
r1a8t!rd c@c c@hd€d aod itc !r!dd&tt elrioE.
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3.1,?. C.Ldrflotr or 6...r.nlolndttett d

fb.ddid crprdly of dl tu (d dFrd ro.ldd x'! eloid.d sdtg b
b folb*ilg s@l.did:

{.=[9v

r,o'p,r'. = f:91, rel

lvt.! 9 ii rb ldo|lt of r!!d b.. rd|at d c b st d (Ds 8"), q |nd cr

nF.d ib it'ilirl -d.Edltb oo..do of d id, E?qt'ld6 V b rb
vd@ddl i.s shrir(DLldDn$.@dr..id(d
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Pa.t Al: Iovestig.tiotr of .&orPtiotr b€havior of Ni(tr) ffiing

comnercial srd indigenoN rdsorbedlr

3.2. f,rperimontal

aodic abe@rior spetoptolonebr (Pqtin EIhs dDdel 4A200), Disnal btlatre

(Model vB-302), Shato (G.I.*ap, Ensled), indieaosly d6iencd Prs venical

tlbule 8lo!s @tor, An log pH met€r (Mod€l_?020 K€nt Indwl al M€sGnent

LiFited El@tonic lnstrum@r LTD, Chcn$y sfty Engled) and Elairical

Thenosl!ft wtd bathr (Msd. in Chioi) w@ u€d duitrg (his wtk

Cheni..b .nd ug. g

Al1 chemic.ls a.l dg.ms ued in lhi, wo* we ofalaltli€l rogcnt gnde Puitv.

Nicl,.6IIrO, H]PO,, HlEor (BDH), NaOH, HNOr, HfOa, gcl, CH3COOI'I' eileol &d

@ro!e (MdcL Damt dt Ge!ruy)\r@ uled fd this worl

32.r. Solutio! pr.D.nrior

Nick€l lolrliob 0000 |lg bl-r)

l0oo pg nur nickelsoluuon ws prcpatld by disolvine 0.4 I ofNiClr'5H,O in dislilled

watd ard dilutld up ro 100 mL. wo*ias sLndlrds we€ prcpaFd ft€sh fod this $lution

Sodiur hydD:id. elrtio! O.0 M)

Sodiw hydoxidc $luiiod 6 pdp@d by dislvirs 20.0 8 sodiM hydbxid€ in

dislilled wlq 6d dilut d up ro 500 DL.

[ydrccbloric *id r.ludor (1.0 M)

Eydrutloric !.id iol(ion w pleloFd by .ddiDs 4l-44 DL of @m. hydrehldic eid
in dislilled mlcr &d dibicd up b 500 nL with dinilled wa1d.
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Brnto! Robi$on buf,er lohrion

Bdtlon Robi@n bufo Flution of pH l'? *d P|!P'r'd bv nixing sick solutioN of

0.4 M CHrCOOll,0.4 M HrPO4,04 M HrBOr ud 02 M NaOH in diftEnt atios for

3.2.2.1. Tt€ efiat of pE d etprion of N(It) ui.g dlie g€l 
'Dberlic '!d 

tddut

Itr ordc. ro optim'z rhe 9H of lne $lltion . keh dout of @h eftdt (0 1 d w
Dt o in *!@r. E etuneyer oaslc (250 nL) sd added 3 nr of Bdron Robien bufrd

rn lhc pll EBe ol I lo ? by d.u ofa P'Ftl. Thd 5 ug oLr ol N{ll) elutior B
added ro it md dihred up to 20 hL vith distilLd wt r b @nplet€ly eal th. sod'nts

The hixlu€ w6 kept for l0 nin for cquilibtsliod sd 6li€Ed thrcudr odin rv filt'r
papcr. Th. .xp€ineols w conducled in kiplicab for €ach pH Thc filtolE w€re

diluied up lo msis id 100 nil Udts and th€ @l@thtioru of uaAolbed Ni(U) we
dctcmin d snlg aionic ab6otplion wccroPhotom.td

!.22.2. T[. .fiet of @Dbd liDc o! rorpdo! Ni0D 6irg sili.. g.l,.ub..lil. rnd

In ordd to obwe tLe eff@t of @nt@1 tim. on th. sorption pns, a kDM most of

.ach erbent (0.1 s) w6 t km in s.pant€ Edmeyer flasks (250 nL) ed !dd.d to il 3

nrl of Bribn Robson bufTe ofpH I wid lh. help a pipeft. Then ldded 5 rg nLr ot

Ni(ll) elulion nd diluled up ro 20 e! to €ohpletely $* rhe $rb€nr6. Thc mixlure wa

allowcd 10 e4uilibrEte for cmrld ti6q E8jng nod l0 10 60 Ei! dd thd {iheEd

ihoud ordinaiy filte. pa?.r. E{ch dp.risstt rc lqf@ed in iriplic{tc Th. Iilhret
vw diluted uD Io b"ns h 100 bL gdLs.nd lt @r@lralioa of u&ott d NioI)
qce d.lcmined Nine alomic abaolplion sFctlopholorela.
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31.2J. Th. .fret of inilltl onetrtndo. or nel'l ios o! soatio. ol NioI) uiDs

3ilio grl, rEb.rlili.!d srdut

lor investisding th€ .net of initial Eelll ion @ne ntion, lnoM mout of @h

solbe (0.1 s) M tat6 
'n 

sp@ale Erldmeyq ltaks (250 DL). To tlns 3 nL ofpH 3

Bnlon Robi$n bu$.! B added. This vas foUowld by .ddilon of N(lr) &d llc
mout of NioI) rc veied ir lne es. of 5 io 1000 pg d_r. &cn eLion *3 .tiluled

up to 20 nL md alloqld ro equilibrat fo.30 min- Ilt€s wft then nlleEd ihrugh

o'diry nltcr p6ps- Esci expdmoi ss cdducI€d in triplicate, The fill$r€s *@
diluled up lo Ddts in 100 mL flaslG ald the @MFdlio6 of uaderb€d Ni(ID vd
d€t.@in d 6 D@aiolcd b.foE.

sinil& optiniation p@edws w€re onducted for tle colunns srudis bul herc e&h

@l'm (29 d leng6 ed 1.0 co didftr.r) *6 pluggd *itr @tu'/sl6s \@l a1Ihe

bot(oh ard a sll dMr of @trodglN wDl m pla.ed o! th€ lop to .void rh€

disturb.ne of stbenti, Th. st ofth€ Dmcedw ws th. sc d for bart m€thod,

3.2.2.4. D6orptio! etldiB fnn .ili.. g.l, .nbsrtit .!d srrdNt
-r'o E8ocde tne bsdcd sh.nrs ald for @DpL{€ .lurio ofNi(') 30 bl, of! yeiety of
solvdt,lik etheol, @ione, NaCl(3 M), Hq (a M)ad HNOj (4 M)wc usd borh

for b6tch ed mlun nerhods.Ior batch mcn\ods tbe loa<Ld erbo$ w@ Dolred inro

ErleM.yd fl6b dd 30 nL of a.h slhr w addcd ro n and tcpl for 30 nio tud
thq filllEd. In ce of coluM rt etEni solut@ wE p€ss€d rr t.0 n[ d, r $rclgh
the l@d!d @lul@- Each .xperibent ws pdfomEd i! r.iDlicat€s. The clutes w@ rhd
collsr.d in 100 oL flBk5 ed diluled up ro ntr.ks with distjlled war€r. TlF
o!@ntratios oille d.erbtd NiG) *.F dchin€d i! ch n.sk 6 hotuned befoe

3r.25. Ad,orpriob ofNi([) 6irgbtt.L pruad!rcrao iDrn entilio!3

Known ooulof eeh sorbeol (0.I g) wls tskd h tbree epe.r€ E fficye, fl.ks (250
b!) dd adjuted the pH of rhe elid ph4 io pH 3 by sosjdf,s i! in Binon RobiNr
butr r. To 4h be(d tnom volue of Ni@) $lution fi!h100 rc nj-n ditued up b
20 mL w.! added dd .quilibBted for 60 mir. rE nixle M filredd ad tne lilrllr€s
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w diluted up 10 tut in 100 nI voluftlric llaslc, ltc qFrimols wrc p.rfom€d in

lriplic{. at opdnm oFr.liotul @nditiois. The el|mtr tions of @aderted Ni(tr) itr

fi lu.tca w d.&mired c mdtion d b.for.

1.2J.6. Adsorptio. of Ni(II) oritrg colol!! prrcqlort r. optiorE @!ditio!3

SIwy of @h srb€nt (0.1 g) wa had. in disrilled wter and p&k.d into lh@ spee
@l'!fu llvils 29 m Lig|! @d 1.0 d didd€. .ul pluggcd sitb @nor/stN v@l .r
th€ botton, To avoid dE disrub@@ of srbdts a snall uoul of cododgl6s5 l@l B
pla.cd on th€ top ed ftw @luDE le rh$d with platy of disiiled wt ( ro move
dy din panicLs ptBdr. Th6 prr of e.h oluM w adjusicd ro pH 3 b, p6sin8
thoush n Britton RobiNn hdr* &d hom votM€ of Ni(!) fbh lo0 !g rhr-, wos

load€d to @h collum E!.b.xpqitr@r w pdfom.d j, iripli@r6. Th. ctutes w@
collnr.d in 100 mL flssk, dihr.d up !o ms.ks 6rd the coDc€rllariod of umdsorbe(|

Ni(U) wee d€t€mined s D.nrioned bcfoE.
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Part A2: lnvBtigation of ldsorption b€h.vior of Ni(tr) using Dodified

carbon derived from Mullrerry wood sawdust

3.3. Experimen.al

The sdne istrMents w@ us.rt s mntioned beforc,

Ch.nic.k .trd Hg.!r
'Ihe @. ch€Dic.ls &d rqgenb s@ ur.d 6 n€ltion€d beforc,

3.3,1. Sorptior studiq

33.t1. T[. .II..r ot ps o! &.piior of N(rD uilg CSDC

Krown dout of CSDC (0.1 s) Ms r.ld in Edovreyer fls6k (250 mL) ad I hL of
Briton Robistr bullr elrnio, in th€ pH tuge of2 ro I w€ ad.red lo it in ord€r ro
opriniz€ tre pH ofsohtioN. Then add€d 5 rs mL., ofNi(rr) &lurion od dilukd up to
20 nL The mixtue w6 lcfl for 30 nin ed 6rr4d drcugh ordimry ntl.. popq. The
exp€rio€nrs w* D.rfomed ii ripticalc at ach pH. The ilhdl.s wee dilut€d up io
tuk. in 100 mL flNll sd rt oenriatiG of Ni(rD w@ d.ttubed s htion d

3.3.1,2.Tle.fferofco.t ct tiD. or so?dotr ot Ni([) uilg CSDC

Ihe ef{ect of con&l tim€ on slPtion ploc*s of Ni(U) on CSDC *6 ,nresdcaied by
laling a knou do@t of CSDC (0.1 s) j! Erl@ya flls[l (250 bL) @d ro llis I mL
of pH 7 Briion RobisoD buffd w6 add€d. This @ foloe€d by addirio. of 5 tg DL., of
Ni(ll) solution dd diluted up ro 20 nL. Itle conia.l rin€ {€s vei€d fron 30 ro 90 nin
dd ile elurioG wE (hd fil|rld ttNugh odir&, 6tr€r !apd. Ea.h.xp€dnot *!s
cond@red h tripti@t e, IIE filrltes \|@ dilut€d up ro mark! rn 100 nr flsk! dd rhc
@n@rmdotu of uMderbed Ni([) wE ddmioed sr motron.d bolirr.
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3J.lJ. Tne dIEa of iliti.l @!@Dtnlio! of D.r.l ioN o! &rDtio! of Ni(tr) ubg
csDc

ln ordd to invesrigate the €ffec, of initial neial ion @nenrraiions on s!rytiotr ofNi(ID

on csDc 5 kroM eoul of csDc (0.1 g) w lrl@ i! Ed.M.yf ll6ks (250 nL)
dd lo thir w add.d I bL of pH 7 of B.ilon Robison bufiq. Il$s w followd by

addnio! of Ni(ll) elutios in lh€ cl)|]6rlrioa 6Dgc of 5 b 3OO F8 FL I ad diiur.d up

to 20 nl lo @oplddy $!L Ihe elberta Th. nirtw E t€pr for d oprim@ iiEe (20

min) ad lilt rcd Urcugh o.diury fl&r plper. 'Ihe qpdimdrs $r€rc psfomed in
lripli@te at optimM €rperiMr.l condilions. IX€ filrales were dilut d up lo na*s in
100 nl flasks dd rhe @neft.tbs of uodsoded N(u) w dccmin d s nentioned

3J.1.,1. A&o.ption ofNi([) u.i.g b.t L pmc.d@ ra olaiDrn coo.litiotu

(mu mount of cSDc (0.1 s) wa llld in Ed.Meyd flsk (250 mL) dd orljNt d
dE pH ollhe &lid ph4e b pH 7 by sotdng jt in Britlon RobiMn bulIe.. Ihis M
followed by addition ofk@M votles of Ni(I) $luri@ &om5 pg mr, dilurd up 10 20
tL ond eguilibd|d fo. 70 dir 'Ih. Dixrue s fitaEd ald itc fitra14 wft diiuted up
lo na* h l0O eL volun€dc flsfs, ,nE s(Firds ww pcdomed in uiltica& !1
opt'nm op@l'oet condirioG. n&.orc. irriom ofu&rtso.trtt Ni(lt) in filratB w@
derenined q monlioned before.
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Part A3: lov€stigatiotr of rdsorptioD bebsvior of Ni([) u3iDg wrste t€a

3.4. Exp€rimentrl

Thc tue islrumenB w@ us.d q MtidEd befoc.

Tnc sde chcmicals w@ ued s tMnoi€d b.forc.

3.4,1.1. Tbe .tfei of ptl o! 3orptior of N|(II) wbg w&a€ L. l€.vd

For investisaijtrg oFimm pH for sorylion, a nx€d dost of mte lo lcav$ (0.05 s)

ME tslen in epdt Erl€lmyd fl6ks (250 nL) ald add.d ro it 3 d of Brilotr

RobiNn bufid in the pg Ergc of 3 to 8, follo*ld by addirion of 5 Fg d,r NioD

$lutioN md dilured up !o 10 mL fo! mplele soakinS of th6 soibenl, The @xtw wa

equilibDred for l0 nin ed 8lrcrcd Mrh ordimry filt* palcr Filtltes wrc eusfrnd lo

100 nL voluh€tric flssks &d diluled W o tra*s *iUr distilled waler. Each exp€rimelt

m @lducred in rriplioB ar ach pH. Th. Bidurl @Ilmtrdio6 of Ni(ll) in filka16

wE detemiied 4 n€ntioned before.

3.4.1.2. In. c[..t of sorbot dM o! $rptior ol Ni(Il) uing sal. ta lavB

Ille efl6t ofsorbed do* on srption ofNi(II) cing wste tea laves w6 evalulcd by

!.rting dE dout of $rboft in lhc mAc of 0.03 to 0.r5 g in Erlem?d lbsr5 (250

nL). pH ws adjuled to pH 7 (optinm) wilh Brilo! RobiNn buflq, follow€d by

addiliotr of 5 F8 nl-r of NiG) $lurioo ald dilut d up ro 10 bL. Th€ mixl@ s kcpt

for 30 nin to.quilibnte ard 8ltcrcd dmugh ordinaly filt r papcr. E€ch lxpainenl ws

Frfofred in riplietee. Th. fiIlll.s rc diluied up t MdG i! 100 nL lla*r and rhe

@n@ntralion of Daderbed Ni(ll) ws deilmined s m.ntion d before.
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3.{.1J. The.tfer of@ lct tiDe o! lotrfon otNioD uirgr$i. ts lav6

The etr€cr of conlact rime on $|ptro! of Ni(lI) on m1e 1ea lare w6 evalual€d by

&ldne krom mount of wlsle ie leav.s (0.13 g) in Edmcyer fllsks (250 trIL) and

sdded 3 mL ofpH 7 Briton Robi$on bufd (opiimjzed) lo it. Then to @h flsk 5 Fg

btr Niol) elunon es add€d .nd dilut d up to lo nL. Th. cquilibnrion tin€ b
vei€d fion l0 lo 100 min dd erb61M spaEted by filtntion. Each 5ltri. M
lrtud.trEd ilro l0{ oL voluelric lLsls .rd dilur.d ry ro @ls *irh distilled watd,

Eeh exFrihent w$ Frfmed in lriplidt s. Th6 @sidual con*ntntiore of Ni0D wE
detemined s neotoned beforc.

3,.1.1..1. Th..ret ol!n.&i.g tio. o! lorptior ofNi(tr) uirg rst ts tav6

li o.dd lo ob6d. the cfier of sbaldng tiDc of ihe l@tion ni)rrlE on rhe erflid of
Nior) or @L ta ldv€, Iooh s@ut of BB& rea lavcs (0.13 d q@ lalm ii
Erlemeyd flsk (250 riL). To Ois 3 hL ofpH ? Brir@ Robimon buit* wer added,

follo*ld by adtliiion of 5 jrg d I Ni(rr) elutio! inlo @ch fl6t ed dilu€.I up ro l0 nL
for @mplet€ soaling ofthe $rbeL IlE ll.sk @arenrs w@ strlcn &d th€ sb,kils tihc
@ vaicd fbn l0 b 90 oid rr 60 Ep, Th. st nt @ sep€sr.d rhDugh fitrarior ald
nltrars lr@ l..cfcEld ilro l0O bL rctm.rric orta dd .tilurcd !, 0o narte E&h
€xp.rindl @ .onducrd in tiptiGtes. Th€ @ndtrdioD of Nj(II) h filtFis wE
deledined as m€ntioned betoE.

3,'1.15. T[. eft4t of iliri.t @r@ ..tion ot nerrl ios o. lorptto. ot Ni(tr) uirg

'DE eII€d of itritial co!@nrnlion ofmral ios on rhe erprio! of Ni( ) B inv€sligale<t

by t ting lx€d motlnl of wate ra ldvca (0.13 s) i, sepaab Erlenmeyer fl.srs (2jO

mL) ed adjsled th. slution pH 10 oprimM r€l@ i.e. 7.0_ Thd ad.r.d Ni(rr) $rutios
in rhe @n@nbation mge of I 10 200 !g bLr aad dituted u! io tO DL for @mptete
soalins of st ol. Ite @ enr of fi. flasts ftE shaked for 90 nin (optini@d). .nc

re!!€Dr B eprDt d by fittErio! &d ftrlt6 *w ditubd up !o bs*! in I0O b!
volu€tdc fldk!, Itlch cxFritMl wd pafomed in tripliqlG dd t!. concarotod of
Ni(lI) wa d€l€mioed a nddoned b.ro&.



3,.1.1.6. T!. .flet of bDDo.trrc o' rorpdor of NioI) !!lns r$le ta lqr.!

For inrqdigrdlg tb. .fr*t of tef,|lErinF d sor?rid of Ni(II) on *En t.t le.B,
kroM @out (0.13 g) w! llld ia Ed@.rcr nsr ed 3 ril of pE 7 Brit@

RobiNn b!fiq 9@ add.4 fotlosed by r&titi@ of5 |rg nl_r Ni(tr) ehrioD! itrio dt
flak @d dilur€d up to l0 DL for c@!t tr saring of the s$dl. Thc r!&ri@ minws
re equilibot d fo.30 Din od q$a toh ar raFdw v{riog ro t!. tuge of30 to
90 !C. Ench *Fdnnt @ @ndudcd i! tripticaLs, ,&e 

lorhears ws€ sp€nied by
filrnlion rld rle flr.rl6 k! dilded up ro trrk in too bL volu.{ric 0aic ao.l tb.
Bidud @nc€ntalior! ofNi(I0 itr rhe fLnr.s l@ .t t miFd ss a@tioned b.forc.
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Prrt B: Investigatiotr ofcdsorption b€hevior of pb([) usiog rcid treated

orange peel rnd carbonized ofsrg€ p{el

3.s. Erpe.ime.tal

Thc se Numes wcE Ned.s oenrioned brfoE.

CbeEiQb .bd rerge.k

AII chcmicals md reasenrr wd in rhis wo* w€rc ofalalylicat rcagflr ghde puriry.
1000 pg DIr t@d sranddd etorion (McE! Drm$adt C.|lfuy) h ued. wortilg
shnddds l|@ pEped tdn luitable *rirl diluriotr of stoct elurior Acctare buf€r
@ u.€d for the ldjEl,ndt ofpH of etutjoB.

3.5.1. So4rion ltudis

3.s.l.L The ofi€cr or pE or so.ptto! of pbor) Btng Aop .brr COp

In ofd€r ro chqL rhe ef.cl of$turjo! pH on sarion ofp4D or AOp dd COp, rnoMmobt or€&h &rbent (0.01 g) wss ,al@ h Fplde Encnn.yd flskl (250 eD and
addcd I nI of r@tai€ bulfer of di$eEnt pH @gilg fron 3 _ 7 ro adjust r,\c pH oftD
$lution Ths was foto*ed by ddition of50 ps &Lr ofpb0D $iution dd ditd.d up b
l0 oL. 'fte oixtuE wa! tcpr fq l0 nia fo. equjlibsrio! lrd trlr.cd rtmugt ordimry
filt€r p:Tr E&h deeimeit w4 conduclcd in Eipli@b b6is fo. elah pH. The 6lr€&sl@ dildel u! ro nqk in too n[ flisrj dd rhe c
dclennhed d n€ndoned b.tuE 

nt'ar'ons or Pb(II) wrc

3.s.1.2. T[. etf.ca or @nr.cr tine o! soArior of pD{[) Bitrg AOp rnd cop
IE €fcd of @n..ci linc @ sorptd of pb(II) on AOp md cop es aal@led bytal,ins.lnom anoun! of ach sorb€nt (0.01 g) i! sepaEr4 rtrlemcy€r [6ks (250 mL)dn pH B adjcr.d wirh .c€lar. hrlld ro pH 6.0 in .4 of Aop (oprinh) wnik ir ws&lur€d io pH 5.50 in oe ofCO! (optioh) Tnis w6 forbv€d by dddirion ofsO llg
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mL r of Pb(II) $lution dd diluted up 10 l0 nL. the nixtur ws kept for vdied @ata.t

tire tuging nom l0 io 120 dil dd filteed 1trcud ot liEry filtq papr. Es€h

qpsiDqt w6 Frfod.d in rdpli@tcs. TIF liltal6 ll* dilued up 10 
'Eks 

in 100 nL
aasb dd fi. .ondtEtiois ofPb(ID wlF d.terd'ed .s hiltiorcd befoE.

3.s.rj. Th€ etfat ol dd.ing tiDe or sorpdo! orPb(Il) ulirs AoP ' COP

td inrestisaring rhe erel ofstatilg of&e leldion bixtup o! the so.ptor of Ph(It) on

Aor ed COP, knom amut of €a.h sod.d (0-01 s) *B takd io epmL Edmey€t
flasks (250 nL) and pB 6 adjuted wirh rcerare bufq ro pH 6.0 in es of AOP

(optinh) shile n wa .djuslcd 1o pH 5.50 in ce of COP (oprinm). This w
follow<l by ortdition of 50 Fg DLa of PWD elutio! sd diluted up io lO nL. Th.
re&lion nixrw M shalcn on a shd<d dd ibe staHng rine @ vdied from to to 80

nh at 60 rpn. The €xperirnenl % conduct€d in rriDliqte at @h intedal ofiines. The

slh61wa $pam.d by nlordon ed rh. ftrates wrc ditucd up b M*s in 100 d[
bludric flsli I}e Bidual @l@r!rljo! of pbol) ir the filtralB wq d€imin€tl a

3J.1.4. Tie .Ilecr ol3orhclr dos o! &rpdon orpb(tr) uing Aop .!rr COp

For irvesiigoting tbe efl.ct of sorh€rr .lo!c on e.ption of pb{D. dour of €ach s.b€nr
in ltre dng. of 0.004 io 0.018 g w lalo in sp&!& Edtueyq flsk (250 nL) dd
pH or@h flat *s adjd€d 10 opriDu pE sith Erra bufra of pH 6.0 in ce of
AoP and pH 5.50 ir cas of cop. rliis ws fouosrd by addiog 50 rg mL., of pb(rr)

$lution 6d diluted up to 10 mL. I1l€ nixre B k pi for 30 nin to equilibnte ed
fileEd thrclgh o.dinary 6ltd pals. E!.h dp€rindl w psfoEed in |riptic.r6, IlE
filtrare€ wF diluEd up !o nlr*s itr | 00 nr fl6*s &d rhe con@rrarlo6 or rb{t) re
dehin€d a neofioncd b€forc.

3.5.1.5. I!. effer oI iltrhl cooen(t.tio! ot neril io!. o! sorplior of pb(tr) u!i!g

For irvesii8atine 0E eff@t of iniriat Det l ion o@nradon
Pb(ll) on AOP ud COp, kroM mour of@ct e.bcil(0.012
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Erlemeyer fl4ks (250 bi.). Optimu pH for cach erb.ol (pH 6 fo. aOP,nd rH 5.5

ror coP) w6 adjslins by sddins 3 nL of 64tat€ buircr to €a.h 06k- rhis w6

followd by addilion of Pb(lI) slutio! dd the @n@ntltion of Pbol) i.s vdied &om

50 to 250 Fg mur. The otrt nl of crch flsk B diluted L. 10 nL The Mtion nixiN
was shlken on a shakq for @Dplele €quilibdtion for orc hou al 60 Dn. The

exFnn4$ wr. pedomed in ripliclrc for aI corcdt don. Th€ erbenl M
sp.Bt d by filbaion &d th. filtilr.s *F dilur.d u! to Mks in 100 mI- voluetic

flaslc. Thc 6idud @ncetrFalioc of Pb{0 in the ftllracs we detemined s m€niioned

3.5.1.6. The.ttct ort.up.ntm o! slPtior of Pbgl) Bi4 AOP. COP

For elalution ofthe.ff@r ofre6pd!!!. on rlF erttior of Pb(tr) on AoP dd coP,

knoM mout of *h sorb.nt (0.012 g) ss L16 itr $p@ic Erl.meys fla.k (250

nL), nt. DH ws adjut€d io optibm for @h sotb€ot by &ltition of3 nI acekt€

buffd eluion. This *os folo{rd by .dding 50 rg mL r of Pb(ll) $ludon and dilucd np

to l0 nL. Tn€ rcetion mixlNs e@ kept for 30 nh on *at€r batl ed th. lenForw
of $e wald bath w6 vdied in lhe rlog€ of 30 lo 90 "C, E&h dpqinot qs conducled

in tripliels. Thc ei,cn|s w6! spured by filtdiotr qd the filtand wE dilubd up lo

mdts in 100 mL volMerric Itlsls dd the Bidual @I@t6t'o6 of tb{ll) in tn€

fillEtcs wcF delemined a nentioncd befor.,

3.t1.7. Th. €fi.cl of i.tcrf.rils ior. or lorptiotr of Pb(II) 6ing AOP rrd COP

The €ffd of sone @nnon inierfdin8 i@s i.e. altali dd alkaline eaih nerals (N.', K',

Ms" od Ca'?) vs invcarigald on lhe e.r,rron of Pb(lr)- For rhis. knoM uour of

each sorb€ni (0.012 g) w61al€n in wparde Erlemey€r llasks (250 n[). Th€ pH wa
adjuslcd to oprimm for 6h sorbent by addition of 3 mL ac€tat€ burd solulion. This

*4 follo$d b, ddj!8 50 |r8 DLn of P(D $lulion sld dilu&d up ro l0 nL. The

int*ferins ioN wq€ added in th€ rdSe of200lo 1400 u fiom th€ir srandard slutiou

ud Oe sction Dixn@ weE kepl for l0 min, The exparim.nls w€F cadi€d oul in

rripli@16 IlE ste 5 v@ $pan&d by flrltiod &d the nlud6 w@ dilured up to
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ndks in 100 nL volumcrric fldks and th. r.sidudl @nentrations of Pb(lll in the

filt * wc .leiemined 6 edtioncd befd!.

3.5,1.8, D6orption 3tudia fron AOP rnd COP

For prcconc.ntation &d Egendlion of rhe $rbents, ellici@i dsoelioo is requircd,

For this Frpoe, d.$atioo @ died out witb a wicty of elv€nls. Th€ load€d

slbqc we equilibEad in st?aBL Edamerq fldk (250 mL) with l0 ml- of 1.0 M

djff€€nt solvors lik€ Hcl, HNor clljcooH, H,so., NaoH. NHr ed Nacl IrE

elulions wce equilibded for 30 nin. Eeh experim.nl wN p€rfomcd in lriplicates.

The nirt6 \N@ flr.cd rnd tb. ElFatd vw diluEd up lo bdks in 100 mL

vol@etric l6ks. Tl| ds.b€d PUn wa dd€din€d a ootion beforc.

For invBtisaring lhc elI@r of @n6lEdon of HNOr on ddrydon of Pb(lD, lhe load€d

erbents werc qluilibrat€d ir s.psarc E ld!€rs fldk (250 nll) wilh l0 mL or HNor

md lhe cotuot ation of HNO1 w ri.d lron 1.0 to 1,0 M, The solutioN vee

equilibsied fo! 30 mb. Eeh qpaio.nt 8 pe.f@ed itr Eipli@tcs. Thc nixlws wc
ilterEd &d the 6lua16 w@ dilded l9 lo dls in 100 Dr volbcttic n$kt The

dcso$ed Pb(ll) ws debmined 6 ienlion befoE.

Sinildly, fo. irv6iiga,1n)8 ihe efl@t of volu. of l-5 M HNOr on d€erption orPb(u),

thc Ioaded srbcDls wE cqunib8t€d in eplrale Erl€meyei {lsk (250 nrl) tith 1.5 M

HNq by va'yiry rhc volm* of HNOr in th. dse of l0 ro 30 mL Thc $lutioN l'ft
equilibdcd ior 30 hitr. E&h apqindl s Frfotued in lriplietee Thc nixlG wE
nlt€ed ed th. filtnbs w€r€ dilute<l up to @ts in 100 nL volmetic nads fte
desrb.d Pb(lD @ detemined s Ddtion beforc.

1.5.1.9. Sorptlor ofPb(II) or AOP rld COP .l oPtidrn corditiotrc

For sorpiion of Pb(U) or Ao? dd coP !t optimu @nditions, ktoM weidt (0 012 dl

of ach soib€n! @ uken id spMl€ Ed€meyer flsl(l (250 ntl). To ..5cb flasl, 5 nL

oI 100 |rg ol'r of Pt4l) $lutior 6 !dd.d. pE of @h elunotr I ldiBred bv

addilion of 3 nL of pH 6 a..tale bufld. IE e&tion Dixtc s.r. equilibFted o! a

shdcr for @dple& equilibnlion for o!€ hour at 60 rPm Eeh cxr€rinenl ws condlct€d
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in Fiplicales. Th€ sorb€ds wrc F!6ded by fihatiot dd th! unde'bed P([) w4

ddemined as m€nliorcd beIoF,
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Part C: Ibvestisarior of rdsorpfioo betrvior of Cdgt) ,rsiDg chenic.ly
h.lted tlulbcrry wood srwd$t (CTSD)

3.6. ArperimeDid

fte ldc istuots w.rc sed 6 m.ntioned b€fo&.

Cl€nisb .nd r€{gots

All chenicals ed r€ag@li u*d h lhis srl q@ of aaalyricsl Hgcil s&ie pury.
l0o0 pg nlr cadniun staldlrd slution (MeElq Dmstldt Gmdy) wa u$d.
Workins standa* llft pEparcd ftom suiiabte renat dilution of sloct soluiion. Briton
RobiNtr blrd v6 used for ilr adjushqt ofpH.

3.6.1. Sorytio! lrudid

3.6.1.1. Ib€ efl€ct of pH or lorpliotr of cdor) {.i!s CTSD

For inv6tisalinS optinM pH for etutio& a fr€d dour of CTSD (0.1 s) wrc tako in
Ed€Meyo 06ks (250 riL) dd added 3 Dj" of Brirotr Robi@n tEfter in rhe pH tuse
of t io 7, Iollow.d by addiiiotr of 5 ps DL r Cd([) solulioE srd tliluted up to 20 Dl for

mplete $a&ing of th. srbenr Tbc rnirtur! % equilibarcd for j0 ni! od nlrEd
witl ordin&y filrd papd. FilrrlGs wE E sf.nrd to 100 m! votheric nsb ed
dituted ug ro ruks eirh dktilled wrer. E@h exFinsi B @nd@t€d ir Itipli@r.s ar

eeh pH. Tle Gidual concdtradoG ofcd(ll) in fitnles w@ delemiftd a m@lioned

3.6.1.2.lh.efi€ciofco rct tiD€ or lorprion Cd(II) iog CTSD

fte cffet of @nr.cl tine on sorrtion of Cd(tt) on CTSD ws dat@ted by t kins rnow!
dout ofcT$D (0.1 0 in ErLmeys lls&! (250 DL) ald added 3 mL ofpH 6 Brilon
prbiN! bufiq (opridized) 10 ir Thcn ro @b flst j Fc ht;r Cd(I) elulion w6
added dd diluled ut b 20 nL. Thc equilihlrion tin B vdicd fiom IOlo60Dinand
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sorb€dl B *p6nLd by filtratio.. Elch filirda E L.rsf.trEd into 100 mL volu.tic

flsks and diluted up b Mk! with disriucd vald- Each cxFriment w Frfomcd in

tipli@t€s. The rclidual aMntalbN ofcd(ll) w* d€temined d menioned b€forc'

3.6.13. 14. .fiet or$.ting tioc o! &rp.io! otcd(U) Birs CTSD

ln ordd 10 obsede the eff@t of lh.kirs of lh. te&tion mitlut on the sorPlion of cd(ll)

on cTsD,looM @out of CTSD (O.t d rc l,rm in E .t@vq flask (250 oI) To

rhis I bL of pH 6 Brilon RobiM bu$.r q@ !dd€(L lolo*td bv .dd'tid of 5 ag D! l

CdoD elldon ioto €a.h fla5k od dilut d up io 20 mL for @mplele rcllins of rh.

sorbe . Tle fl dk @denti w€ shtlen ed the shtting dme wa vd€d fiom l0 to 60

nin al60 mD. The srh.nt ws epoFr€d drcuglt fi|trltion ad fitrates wcE trNfeftd

inlo I O0 DL volwetdc na&! and {tiluted up ro Er*s Eath 4p€tinenl M co uded in

riplicales. Thc corc.nrations of cd(ll) in filtEis wqrc .let€mincd s menlion€d

3.6.1,4. Th! eftecl of i ful @betrinliotr ot nerd iolt oo sorprior ol Cd([) ui.8
CTSD

'lle eff@t of idti.l @nc.n!iti@ ofnet.l io6 on lhc uPtion ofcd(U) wa i!6de.Ld

by tathg fixcd anout of CTSD (0.1 s) in ErlolEyer fl6ks (250 r[) ald adjNr€d irhc

solution plt ro oplimm vsle i.e. 6.0. Tllcn addcd CdoD elutio6 i. fie @@nl6ti0n

@ge of 35 to l3O rg 6Ln lrd diluted up to 20 bL for @plele ealing of $beft I'lt

@rt Ilr ofthc flsks v@ shrrd fd 60 nin (optimjzed) Th. softcnt w s.PoELd bv

filtrarion dd liltntd wrc dilul€d W 1o M*s in 100 nL lolMelric flsls Elch

cxperimenl *t' perfm€d in liplicates .d th. Gidual @adnaton of Cd(tr) wa

d.lcmined a Mtion d b.foE.

3.6.1.5. Tbc otf.cl or i!l.rf.ri!g io!3 or lorPtlo! or Cd(ID utils CTSD

'nF etret of enc @fmn i !.fqinc io6 i c. ,ltali s.d alk liE enlt mlals (Na'' K'

Mg" &d C!':) ws iNesrigated on the soption of C(ll). ror this a knoM mout of

e&h $Ibent (0.1 g) wd tatd i! ElleM.yd flasks (250 dL). 'IlE pH *!s ad.iuted to

oDinM fd @b $Ihent by .dditim of 3 rnl. Bnrotr RobiMb bufrd rlution. TIis v6
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fotlowed by lddna 5 pg mL' of cdol) elution .d diluted up to 20 nL The inlerf"ing

io.s w@ a{idcd in lle tue. of20 lo ll0o Pg &oh ften sb'dT d elutioN 'd tb'

FacLion nixhes weE kept fot 30 Dir'nl€ dpdim€nts ww Mied out in biplicates

Tte sorbcnts wre scPmlcd by filtuation ed th€ fillratcs werc dilurcd np to Mks in 100

nL volmetdc a6ks dd thc t6idual clldtltioN of Cd([) it |he filtErc qd

d€tedined 6 mentiored b.foa.

3.6.1.6. Adso.Plior of Cd(tr) uilg .du! pn..dun .t op{iDlo o'diiDos

sllny ofcTsD (0-l g) M mde i! distillqd *6rer &d pacled inlo a @lum havine 29

cm tensth ard 1.0 cd diuer.r md plugS.d *ith @tro/8lN *ml al th' bottdn To

aloid thc d6lube@ of sorbenis a sall sdout of @tlodglN w@l wN pl"'d on th€

roD md th4e coludns 1l@ rimed with plerty of dislill€d wtcr to renove ov dln

panicl6 pecnl. The pH of @h @lltm @ sdjuslcd b pE 6 bv pEsing thsug} it

Bntton RobiNn buff...nd lnoq volM. olcd(ll, EoD IOO Fg oLr w loldcd ro

dis @llm. E!.h dpqilMl w pqbmcd in biplic.l6. Tte 6luates w* @lleted in

lo0 nL nasks. diluted uD to ru16 6nd {l€ @nentraiios of unad$rbed cd(ll) wft
dermbcd s dedtioned befot.

3.6.1.7. D.sorptiotr .t!di6 fruF qTSD

For p@oncdtration &d r€8ctuft1ion of the $|b€nt3, eltrci@t d6o+tion b requircd-

lor ilis purpose, d.prPtion wF 6i€d od wit[ 6 vdictv of $lMs The loaded

e$.ds *ft cquilib'ated in s?adc E teM€vd a6k e5o n[) *ith 20 mL or | 0 M

di{Ieral $lv@rs lilc Hcl, HNor Hiso., NHr ad Nacl Th€ $lulD6 we

equilibBted for 30 mi! E3.h qPqim€ rs pdfom.d in tridiclt$ The nixtu€s were

nltced ed the ilhtes weE diluiid up to dkr in l0O trtL voluetdc fl6k5 'It'e

d@lbcd cdOI) w detmin d 6 ndtion ttfoc.

sinilaly, for inv€sriSpnng the effer of@ncq'tratior ofHClotr dce'ptior ofCd(ll)' tL

lolded elbentt l@ .quilibnt d in ..!onre E t@ftvs fl4t (250 nL) sith 20 nL of

HCI atd l!. @n@tation of ttcl M ldied frcm l0 !o 3 0 M- The elulrod w@

equilibdted for 30 nio Ea4h dpqim.d B perfod.d in riplicates The nixiws w€E
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fillereri dd the filtraG I@ dilul€d uP ro Ear*s in 100 mL volMetdc fl6ts 'Itc

dcsorbed Cd(ll) wd dct€lmin€d ss mention befoE
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Part A1: Investigstiotr ot adsorpfion b€tevior of Ni([) using

corDnerci.l rDd indigeDous sdsorb€trls

.|J. Rqult .n.l disBdm

4.1.1. Cb.r.deri2.tio. of rterd!o.b.!t

lor having bctler und€B1aldiag inro fDcdoial erculs avajhbte on U€ su.faae of
sawdut rte IT-IR spera of th€ t&r€d &d uftEred marmar ws iccord€d ud is
shoM ir Fig. 4,1.1 !d 41.2 Bpetirctr. Oa @npadng r\. sper! it D6 clw fta1
6os1 oflhe ionizble gtuuIB pr.ed i! rhc u[rlred DEreriaj m .b6on h the c!@i..Xy
tqled onc &d rhus haking gMtd surf.ae !E erilaue for ad$rprion. Tte ptlseM of
p@rr al 3123, 2359 ard t 594 cE ' i! ctElicsly rqred $.dul col.fim rhe Dtest@ of
-OH, C-H sirhtcd edC =C fieriorul grcups.

Figaft 4r.1: m-IR lD.cro of r.tMaed jrwdut
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s a

FiguF a.l:: FI-rR rpe|n or .Ecd s.sdut

The mordroloSy of the unir.aled ard chdi.ally t€ated lawdNt ws recorded by sEM
photos€phr at 1000X &d 2000X t rgdifimtioB dd tn. SEM iEag6 @ sboM itr Fis.

4.1.1 ad 4,1.4. Otr {mpdielL de ngG show rhll rhe poE sia of chdicaly
tr@led ewdlst @ larg6 rhan $e utr@rcd orc, thus maldog it morc suirdbl€ for

IIe Eulb of EEray djsFBirc x-qy (EDX) snldi4 e siM in rable 4.1.1. rr wd
observed thar the Dl@ted $wdul @nr.is catciuD, qborr ed oxygen. Ir M also

obefr€d diat €alcim Ms @ov.d !ftd ohenicsl irearrnenri rh6 Frcenraae of oxygen

dccE&d ed thla of @bon ilc@sed indicdng lhar ch.hic€l ftarmcnts iopove ihe

aderption lbility ofrhe nstdid.

The surf@ .r€a of thc CISD vd me6r€d wing nitrogd adsorprion wilh

Q@lachrcd€ Sur&e AM Porc size Aldla (NovA 220oc). ftc sD€ific sufe
@ m calculalcd uing tsSmun ed BET i$ihm €qutios. Ibe mi.bpor volme
of lhe naledal ws c&lculaled by Dubinin-Rlduhl<€vich (DR) eqlation sing ihe NovA
Win2 data salysis soii$@ ed ihe Butls @ gim in labt. a, L2.
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rtson a.13: SEM or ut6&d lrtdat

Figsr 4J.4: SEM ol lrdted tddutt
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TrbL a.l.l: XDX.Lidt l.n.ltiir of .bdiily tdLd.nd !.rutd ssdut

El.Eal @!t trl (weistt ftrcliotr %)

cb.Di6lb unluad $rdut 46.16 5t.56 l.5E

Cb€Diollt tEr.d ardut 5t.62 48_18 0.00

Tabl€ 4.1.1: chcrrcreriltis ofch.Dicrlly rmr.d !Ndun (CTSD)

BET DR-D.lhod EJH- @Ood

45.01 t21.47 54.11

Av.ns. porc vidlL (A) 141.30

Microporc vohd. (cc/9 0.04

t29nl

0.12

4.1.2. ftrplio! !tu.li.! oI Ni(tr) uilg iili6 g.l .Db.diL .nd swdul

4.1.2.1. Pnlidir.ry ldsrptior.!F!i!o.!tt

A knom weight of $dshed (disliUed water) &d dded swdusl w3 t len in Erlemey€r

nasks (250 dr) !d .dd€d lo it a kmM @@t!lid of Ni(lD elutiotr Th. @nteris of
thc fl6kr scf kept for 30 nin ar tlm tdlEarw for oDpLt equilibEtior Ilrc

biosrbe m filratd 8nd dE 6lt!r6 *@ !a6f.E€d iro 100 nL volmeEic flasts

,nd diluted uplo mdt. Irlc corenrrarioE of oDdelbed Ni(ID vcre d€!.ftined usirs

arooic abs. ioa spqropholomccr Thc 6dti shoqEd good p.@ni uptale md

m@ the e of$wdust 
'l 

3 prcroisilg biosorbdt for NioD nbn aqu@B elutioc.
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4.1.2.?. OptiEidaion rt{dh3

antr pElidirary adeado! studis it w.s @olidql lbar Ni(lD @ bc motld Aom

aqu@us media usins cortunftid ald indigcDou mat€rials. for rn3)dmm adsoPtion,

@nditio! of ptl, 6nla.t tine and iDnd metal corcentltion we opdmzed dd m

4ll.2.l.Th. .tret ol dl o! &.pdo! of Ni(ID rilie s.l, .nb. il. ud

In lhe erytion prlBs of bevy dd.b pH is & iDpodad @Dtrollirg plmeiq. Io.
ndim@ nptalc otNi(ll) o! th*e $rb€nt!, pH ra vdied fren I to 7. The sulls e
siva b laue 4.1.3 dd shom in Fi& 4.1.s. lt @ bc sen filn the 68@ |har binding of
Ni(U) is stugly pH d.pdd6t md nainnm sorytion (9E%) ofNi(ll) Ms oblain€d ar

pH 1,0, The surf@ @hplqarion lh&ry dpbis tha! c pH inc@, the lpale of
metd iom b drc ilrl:lled, Il is d@ to thc .lec€6e in.ompctition belwee. preton dd
netal ioN fo. sati@ siL on ih. surftr! of ubenls. H{)wqq l[. moval of NioD in

the peent cas. slishdy d@Med beyond ptt 3.0, due to lhe fo@tion of hydexides of
Ni(ll). At pH 3, trick l i! qpet d to h. pltgt in the Ae fod !3 NQD ed rle
adoptior huld b. @irly dtribui.d ro ion cxdtrge nehmish l[at is by rcplacing th€

tr ftom ph6oli. &d qboxylic srouF of th. $lbe.t br Niol). Adsorytion in rhe @
ofsili@ g.l &d mbqliic *s ird.p@dd ofth€ tH,
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Trble 4.i.3: Tbe eflet of pH o. sorptlor 0f Ni(U) frcD aqu@ls sobrion uiD! ltls
gol, mberlit€ !!d r.vdurt

pH
% uprik ofNi(tr)

SiUo g.l

.t4.000 94.400 E2.000

2 41.500 95.E00 69.000

94.000 96.000 87.000

93.600 96.{00 84.000

91.600 94.600 83.000

91.400 94.000 82.000

93,200 94.000 79.000

PII

+aibqtic (Ncie d.nD3.r)

Fisurc 4.r5: The .fier of pF or &rpdo! of Niot) rroD .qreo6 iordior uilg
iiliq g.l ub.rtit od |.rdua (t iti.t .o!c 5 rrg DI,-r; @!i.ca aiD.
3{, DiDi yolu. of lict t lotsaio! 20 rL lorh€o& <tse 0.1 g)
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4.1.2JJ. Tbc .lfe. ot @!t cl tiD. o! Drptio! of Ni(u) uils riliq sel rEber.lir.

Apan fioD the $lulion pH, @nta.t rin b al$ e inFrtant pMctcr aff@ting $e

sorytion poess. Itel€for€ tl'€ €lldt of @nracl tne on th€ sorption behavior of Ni(lD

6ing lhr nare.i.ls *6 ilurig.lcd. Coia.t iin w wi.d ion I010 60 nin sing

oth.r p@le. co4l4l. lbc BuIs e eiv.n in r.ble 4-1.4 @d shoM in Fig, 4.1.6.

C€dally lh€ qption pllGs is E id { $e start dE to Ihe lvailalility of fic erption

siles on bioms and s th€ sorpiion siter Mupied then rhe erption pM6s b..ones

slow. A sibild siluation w als foud in lhe $ption ofNi(ll) on all th@ @Lrials. ll
w4 ob@€d thal tn€ upttkE of Ni(lD is npid for the f6t l0 nin ed inM.d Aon

50/0 ro 95% in cs of sili@ gel wbile in ce of mh.tiir. ald e*dsl thc uplrke of
Ni(II) incBed iioh 86% 10 98 % i! 60 min. Inilidlly the sitcs on tle $rbent e open

ed Ni0D i eEcll with th. ertion si6 npidly th@foE thc eryIion Ere is hishd.

TIF @n@ ralion gradienr is ale hi8!d in the idriel titu€ bdwn the bult solutioo ed
rhe elid-liqoid intdfae ladi.g ro higbtr eipnd 6!c.

T.ble 4.1.4: Th€ dff€ct of @ol|cr riE. o! iorptiotr of Ni([) udtrg cilic. gel

.Db.rli& ud ,.rdul

% lp|'k oa N|(II)

Siliu 8d

l0 50.000 97.600 86-560

20 60.000 vt2w 87_6?0

30 75.000 97.000 88.750

,t0 87.500 96.600 89.450

50 92.500 96.600 90.520

@ 95.@0 96.600 90.780

3l



20

+amb. it!(N!-i@!xcll''3d) +sa*dcr

fk!rc 41.6: Tn. .fiel of @nh.f li.. o! $rplio! of Ni(tr) Eilr sili.. g.[
.bberlit. ud swdrrt (i.iti.l orc 5 Fg DL'; @!ir.t tid. l|Mo
nini vohn€ of rtckel lohlio! 20 ol,i 3orb.ol3 d@. 0l g)

tlE lin@ fom of Feudlich cquatio is giv6 b.low

(t)

4.12.2J. Sorytior niotn rur of Ni(tr) uha .ili. g.L mb.rlii. rd !$.1!.t

'ne erpdon syst€m w@ dsiS!.d by uine srPirotr iethem nod€ls. nEs€ nodels

prcvi.le a rclalionship b.lld llc aeut of Ni(tr) soft.d on $e $rb€at ad rhe

@n@lation or NioD in solutid ar cquilib.i@ T!. sorpti@ isothqm of Ni(tr) on

$rb€nls were sMied by lh.1rc mGt comonly ued isihcms models Frudlich md

Legmun isothm. The Frcudlich ieth.m is us.d for non-ideal adsorllion on

hel@g@@B su&e srd is sFsed by thc folowi4 equ,liotr:
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losq. = losK! + llog (2)

whee KF is lh. Fqndli€I sorption isorbcd @tst !t (ms t'), l/n G L') is a n6@
of ibe srplion intcnsily dd q. is tE mouot $rbed (m8 &') ed c! is the equilibriM

The t ngbuir ierh.m is $.d ftr E@la)€r $rptio. otr a hontogd@u $d!.. &d is

expesd by th. foUowins €qualion:

{t)

If a linceform, i rs expEsed s lollosl

;=r.*i; (4)

WFrc c. is lhe equilibdu @nentation (trg nur), q. is ile mout of slute soded

pc gm of soft.nq r{ srd s! @ th. L$gDui. sorplio! ielh@ co6ta|ts tnd @

eld€d to the lMinm qpeity (L 8") dd bondi4 ,tle!8tlt (L ng r) GD@tiv€ly. Ilt€

lh@ctel bonobyd @peity is Qo trd k nm..icdly €qud b KL a I

'nE Frudlich and L&sEuir isotbcc dFdion givd in Equtio! 2 ed a w* us€d

for satrziry €quilibri@ d.ta The v6lu. of Kr add ! wm cdculilcd ftoE the inr€Eept

ed siopc of th. linw fom of F&6dtich isth€m Espetiv.ly lbe dulb @ giE itr

r.bL 4.l.5 and shom in Fig,4.1.?, The El6of cGt! p.@ete6 of FFuldlich

holhem a.e given in tlble 4.1.7. ft. val6 of n sr.al€. thu ujty indicaie that Ni(lI) is

favoEbly sort d by mbqlic snd slMust Th. tro iffii fom of Frudlich isolb€m is

shoM in Fig.4.l.? vhich indid€s i,hal lh€ sorflion caF.ity bcte.s *iih incl!@ io

inirial nclal @oenrrarioN.

E]



The t$gnun idhem ood.l dssms thc botuhtlt erplion of thc aderblid on a

hodoSeo@w suface orthe a&o$di nF li!€d Iom of Lrnemui isthem Dod€l rc
obiri!.d by plotting of CJq. rcFa cquilibdd @nmtdi@ (c"). lrE r@lls e eiwn

in labl. 4. L6 od shoM in Fi8, 4.1.8. Tbc osiDm sorption caps.ilia for ech ral.iisl

w6 cnlculaied liom this plot sd @e foMd to be 33.33 Dg I ' ftr tilie gel, 25.19 ng

er for mbdlite dd 11.67 ng gr for $*dun A Isghuit ielbm for lh€ $plion of

Ni(ll) on rhe th@ u6.!ts E plottcd afll ir shoM in Fig. 4.1.8. ll @ be $6 &on the

table 4.1.7 that the co@lation coefficiot (> 0.950) of the ldgmuir isol,hem modei

hichq lbo lnat of F@dlich susgcrirs tui r&gmun nodcl lils wll inlo th€

qFrindtal d!I!, T&le 4. l7 dso showr codp@ien of dnc erylion @peili* ad oth6

consud pemecrs of sili€ g.l, dbdliic ed ewdwl ued for the lmorEl of Ni(Il)

fDm aqu@B ehtio6. 11 6 b. sa tbd llc erflio! qp.city of esdusr is tdghs lhd

Trbh :1.15: Frculd&t ilotl.m D.d.l for t[e 3orpttor of Ni(U) ubs .iliq gcl

rnb.rlia. ud r.rdur

(cD (pg rL')

Equilibrild con@tndo! (CJ

(1S EL,)
Sorp.ioD qD..i.y (q!) (o! s'')

Silicr sd Silio gel

100 t2.450 r0.450 E.450 0.875 0.895 t_83 |

250 24.560 20.r60 l7_560 2.254 2.294 4.644

500 50.560 45.560 {0.480 ,{.494 4_544 9_190

150 80.120 76.120 7t.t20 6.696 6.736 t3,577

r000 lt9.l40 115.340 109.570 8,806 8,8,16 t7.808



0 20 t4 64 E0 100 120 ,40

Eullllrlon o!61nIrr! (rrs rr')

.siliea.l .Anbdi@(Nlid.xd!ucr) 
^sirdur

Figure rt l.tr freudlr! trooer nod.l for t!. .orption of Ni(II) uirg 3itiq s.t,
ub.dit !d rrdud (Iliald olcltntio! ot Nl(D tr00o ||g &L'r;

DH 3.q @D i.rpcntuE; rit !i d@ 0.1 g; votuoc ot NioI)
slutio. 20 bl-j ..!t .t tiD. 30 Din)

T.br. {.1.6: btrguuir itorhdD bod.l for rt. ert'do! ot Ni(U) uirg ,itio gel,

rDb..lit dd.rdur

(cJ ots oL')

Equilibrtum olc.rlntio! (CJ

Gs drr)
Si!6 gd Silhr g.l

r00 24,5@ 20.560 t7j@ 0.010 0.008 0.001

250 50.560 45.560 40.480 0.011 0.0t0 0.004

500 80.320 76.J20 71,120 0.0t2 0.01t 0.005

750 lt9.140 1r5.340 109.570 0,0t1 0.011 0.006
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050rm
r4dxDtlln ddlitlo! (4 dIJ)

.siliosll .ahh<li6(N&idddih&r) 
^srwdat

rigu. 4.1.8: Lrngtuir iroat.@ nod.l tor ft iorplhr of Nt(tr) ulrg sitiq g.l,

.nb.rha rrd rrdui (Idald .o!cdtr..lo! of N([) 5-l0m rs dl/'r;
pU 3.q '!o! t LFfhrci rortot do.. 0.1 $ volqD. of Ni0I)
rolofN 20 DL, onrllt tdc !0 uid
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4.1.22.4. So+tion }iletl€ or NigI) usilr sitq sel, mberlite .!d iddult
Four @mon kinetic nodels thal d€ (i) F€udo"fsl-oder (ii) p6odo{@nd{rdd (iii)
iflldpadicle diftusion md (iv) Elovich eq@tioft $e 6ed for sorplion ki&ti6 ofNi(tD
o! silica gel, dmbql'le &d sasdur. Th€ nodel for Feudclilst{rld is exprBsed s

los(qe -qJ = tos qe - r-!l

; -'t

(5)

whcE + is rhe mour of Dctat io! bi@lb€d (Dg sr) ar .quilihiM, q, is 0E eout of
metd iotu sorbed (nc gr) at oy gjveD tine (nh) ard (r b rhc p*udef6l{dd
@rioo rale @nsrrnt for $Iprion (mi,i). IrF nod€l for p&@+{ond_ordcr is 4:

(6)

.lvho€ 
q. is rhc eohl of mctat ioo $rb.d (ns s.) ar €qujtibriutl q is lhe dout of

nerar ios sorbed (hs sr) al dy givm time (min) 4d ra is rhe lleudo-*@ndjrdd
Ea.ton rale omia for $Iprion G ns-' nin ).

a lin@ plor of tim€ asainst log (qcqi) *tss ltoted fo. 1h€ oeremnarion of hre @Gkrt
ard erplion cap.city f@ Feudcfirn{dta. ftc Butts c grvo jn ablc 4.1.8 ad
shoh in Fig. 4.t-9. Tn! Fqdes.cond_ordd Dodet is give! b equ.tio, j ad ws
obllin€d by plotril8 riDe C) vdus /q,..I.ll€ Bulrr ft giv.n D 6ble 4.1.9 ed shoM in
Fig. 4.1.10, Simitety, fie cosrad valu6 of n!$ ord€r kb.rjcs Kr, qo R2 and nte send
ord.r kilcris K?, q. ed R, llft qtcularcd Aon rhe slope ed Dtercopr ofeach nodcl
Bpetively ad e giv€n in rabte 4. L12. I Ms obed€d rh.! th. @Glarioh @fljci€
valu6 of th€ pendo-*end{lder hodel @ l gtq nom ln. !i61 odef mo.tcl in all
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c€s of srb€ntl' 't s slgg6tr th.t th. sorption digit bc @nnoll€d by s@d{dd-

Duins sorprion poes, difr€Eat stps occuis lit in th€ n$t si.p so$6te (Ni) ios de

trmfn€d fiom aqueow m.di. 10 thc surflce ofsorb€nl Gili@ s€l. Mbslile or swdut)

whne in sao.d step the difnrsion of so$6ie ions into poB of $bot talm pl@. Thft
is a possibilily thal fi. conrolling $ep is lh.1r6sfdin8 of sorbate fom solnlion inlo

pore of sorbot if the dpdidc s s. cdi.d out in balch systan with sharing of the

Mdior n re. Fo. ch@king of ihis posibilily a ghph of sorption capacity 6r lime t
(q) aeainst sql@ Mr of tide (r'2) is ploo.d. ftc Fsllr e siven in tabl€ 4.l.lo ad

Idrapanicle diftusiod is a hn.tic model whjch ir relar€d

from ils aq@6 media 10 thc lDs of $rh.nt, Thk model

Ut€ kmponi4 of Nior)

gcdcElly cxp6*d by the

(8)

89

(7)

Wn@ C ii rhe iole@fl ed Elard !o rh. rhjcklB of lhe bonnd,.y la]rr ed I.d (ml
Lrnhjz) is *E inulr.rtictc difflion nr. @Nrrr. 1!€ vrl6 of r[* @nsLnrs m
calcidated di|edy f.o6 th. intcrccpt &d llopc ofrhb gnph dd e given in rlbte 4. t.12.

Fom Fig. 4.1.11 ir c& h. sn tlut rh. plol of qr re6u rr2 is not p6ing tuough the

origin which indielq rhal innp.niclc diflsion ir nol rh€ controUing slep duing
sorytion ofN(U) on silica g€1, mb€ it. dd swdur.

Ihe Elovich kinetic eq@lion is used io ddcdbe th. ldn€ii€s of chqisrption on

heteroso@u suf@s and is givd a! followsl

q, =;h(aD +;ln(r)



Whq€ qr is h. amut of NioI) sorb€d (ml L-) .1tide (0, o .dd p @ linoM s the

Etovicb cfiddts, a r.prcst the idIi.l $rption 6te (mol L' Din) and 0 is rdated

10 rh. qtenr of su&.. @v@s. and ..tiwtio' €@gJ for chebisorplioa G nir'r)
Gpedvely- The Elovich oefrcicnts wrE c.lculai.d ftoo lhc lin@ plot of q. ve66 ln

t nr !!s'nts @ gim i! table 4.1.1 I .rd 3boM i, Fi& 4.1.12. It bight be sIoM fron

kitr tic hod.ls th"l qFrimdtal data ffi wll to th€ prudGsond-ordcr kinetio

mod.l wilh a histr R'? v.ls for all rh@ E!&nals.

Trbl€ 4.1.8: FiFt{rd.FH!€dc nodel for NIGD lorplior l,iog rilic! gelr rDb€rlitc

sd $rdr.t

loc (q.- qr)

Silie gcl

l0 o.255 4.795 0..180

20 0.1$ {.886 0_255

l0 -0.096 1.045 0.146

40 4.522 -t.221 .0.0%

50 -1.000 -1.522 4.t97
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a

1e (.h)
.sili€3d .Adbqlic(Nliole^bdg) .$sdNt

Iigurc 4r.t: tirlt-o.dor-ttu.Iic Dod.l for Ni(II) &rption uriry ritic. s.t,.nb.rtir.
.d lrsdu.l (lnitirl @trMlntio! olNl(ID 5.0tgDL't ptl l.ot rcor
t.bpc..ture; sorhmtdoe0.1g; voluBe ofNi0D lolItio! 20 DL)

Trble 4.1.9: Prddo ie.o!d{rd..-Li!dic D.d.l for Ni0I) srpaio! sirg.irie gcl
.ob.rlit nd esdua

tq(Dr;t;trj
Silio g.l

10 0s.000 1.024 0.58t

m 08_l3l 2.U2 t.123

l0 10.000 1.051 1.648

40 I1.428 4.056 2.t27

50 t3.5ll 5.055 2.604
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203044
Trm (nir)

rsilioasel rAhb.dit!(Nr-ioncx.hms4)

Iiguft 4.1.10: S@!d{rd*|ri!.lic rod.l for NioI) &rplio! oiog rili.. g.l
.dt rlit .trd s.rdut 0!iti.l @traorntio! ofN(Il,5.0 pg dL't
pH 3.0i ruob t€bp.r.lur.i sorb€d dde 0.1 gi voluno of Ni(II)

3olulior 20 nL)

T.blc 4.1.10: lntiFnide ditfdior Dod. ror NigI) so.plion urine siliq gd,

rmb.rlil. md s.wdrit

Sorpdon op..ity .t dd. (r) q' (Dg g )
Silicl g.l

i.162 2.000 9.160 t7.200

4.472 2.400 9.790 r7.800

1.000 9.810 18.200

6.324 t,500 9_860 l8_800

1_0tl l_700 9.890 19.200
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i 
'5.0

;ro.o

. Ambslir. (N.-id Ex.h.us) 
^sr*dus

Iigurc 4.l.llt r.hplnide dlfiuim nod. tor Nt(tr) rorpriotr usilg sitd get,

@b.rlit tud uf,dul 0!iti.l o!@anllo! of NioD 5l| Ig DL'

'; pA 1.0; tuoE tenp.mturci !o.b.nt dmc 0,r g; voluoc of
Ni(ID elltion 20 nL)

T.bL 4.l,ll: Elovict .qlrlioo for Ni(tr) $rp.ion lring dlic. g.l, ube.tit. rBd

Sorplio! @p.city rt tio. (t) qr (ng E )
Eilic! g.l

2.302 2.000 9.7@ t7.200

2,995 2.400 9.790 17,800

1.401 1.000 9.8.t0 18.200

J.688 3.500 9.860 I8.800

3.9t2 l_700 9_E90 r9.200
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20t

E l5.o

; lon

25 I 3J a

h(d)
.silia.C .A!t Lollbd.lqr) rs.vdr

rtltt a.Ll2: ELvi.l.q.dor tu Ni(Il).o.rdr dlr d[6 rd, ub.rft..!d
|.tt- 0|tdd .o...ddn dN(u) 5,1 rr.L-'i [E 3.0r nd
r-!..rrft{ .ltd d- llt t y.br. .(N{D .Ld.r l{) DL)
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211.2.25 D@rpaio! rtudy of NioI) froE lrsdut

De$ation ofthe rct4ined Ni(n) Aon sawdut M inv.rtisaled sing 30 mL of diflffit
cluols lilc NaCl (l M), HCI (a M), HNq (a M) $lutioG, etone dd €1h!el sr

oprimM ondirioG ed th€ r€$nc m givcn in table 4,1 .I3. Thc 6!ll shos lhit 30 nL
of NaCl (3 M) elulion is &e bc51@o!g rhe elunts inv€stig.ted. Dcsr?tion studiB

wrc csicd out undq lh. s|e @lrdiliotr BiDg lh. sahe ddid vohdE. In botch

method itE ef€ts of slining tire o! d.rcrption of Ni(Il) frod evdBt e{6 aho

inv6ligaLd ed is shoM h labl.4l.l4, It B obsdvrd thtt with 40 Dinu& sdring

lime alnGt l00yo d6orDdon was ehiev.d.

Trble 4.l.l3r Comp&i!.E ol dfi.@t .lu.!s for dsorpdon of NiGI)

Trble ,l.l.r4r Codp.ritor of rfirils rin for dsorptio! of NiG) usilg 30 rL 3M
N.Cl trlu {sdut

lM NlCl 65.370+ l t.58

4MHCI 49,580+ 5.12

4M HNO] 41.630+ 2,85

36.E90*2.t5

61.J00+t.7.1

30 96.1E0j 14.46

40 104.980 * ll.20

50 85.400+ 17.86
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4122.6. Appli..lio! oftt pmpod.d !.Ood.o ral lropl6

The Ecovqy of Ni(lI) fion mulbery savdd aA€! badidg spik d lap€d ml4 @pl€

@ chek€d.nd Ms fo!!d to be 9?%. rbe tuihod M sac6sn y lpdi.d tur

p.ecoedtElion ard .l€rdmiulio ofNi(lD in rh. cfilmls ofEs.tible e!@ indusrry

md thc Esdr is givo in tabl. 4. L15.

T.bL {.1.15: R@..t r€t.!d d.t Ei..ti'! ol l|.lal in .dl@i! of gn bdutry
*i!g th€ prcp@.d r.tlod

Ni(u)(rlg EU|)

Cba |!dufy, P6brq.r 0,0 0.094 + 0.001

t,0 0,970 i I1.58 91.W
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42,1. Cbar.cle.turls of r&orbe

'Ihe IR sp@tmrb of swdusl srbon (SDC) ,nd chemicdly teal€d savdust @bon

(CSDC) *.€ @.ded and N shoM i! Fis.4-2.1 ed 4.2.2 espetiv€ly. A boad band

in tlE e8i@ of bish *m nubqs (3159 c{|i) sbos the plEs€M of- OH 8reup on the

su.fa* of bolh D?e of c!rbo6, A sEdS Frt rr | 5?4 d' ir CSDC .rd at l57E m_'

in SDC indi€rd the pM of siEichi.S vibnrioN of C - C of mmalic C = C gr.up,

$c Fal5 ar r2ll cnr and 1o3r cmr in csDc &d l2l5 cor in sDc rc de to rhe

The surf&. poperries ofboth @bon @pl6 \r@ detemired by N2 ad&.pliotr me{rod

and thc Fsults e eiven in raue 4-2.1. It 6 be !a fron the tabl. ihal surf@ a@ dd
svdg€ poe *idrh ofcsDc itrc@$d wirh .h4icd rqrn€nr.

Psrl A2: ltrvestigrlior of adlorprioo bchrvior of Ni(I) u3iry modili€d

carbor deriv€d fron Mulberry wood t wd||st

4.2, Rsllt!.trd discu$iols

FkqB 42.1: FI-IR rp*truo or uaEt€d SDC
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FiguB al2: FTJR rpat ro of tBted SDC

T|bl. 42.1: CLnctcri?.fD! of .tdidlb lt .t d !d ulsr.d srdBi €ino.

Plyliel DnD.ni.. of SDC ud csDc

EET (o18 )
) dtt (a)

sDc 6.610 36.150 18.970 0.010

csDc .940 66.540 55,080 0,020

'IrE sEM image orcsDc aod SDC wF @rd.d md @ shoM in Fi& 4.2.3 &d 4.2.4

6p@tivdy. -Ibe iMge sLo{ pores stu.tft lnd iL pore6 nfift of stborbenr

povide mF adsqption sitcs fun iircr @viti6 to th. 3o6ale, On carbonizdio! of
ewdu! rn rchile @oFn drs delop r bigh pl.ssw wtich bMts doM rbe @llulsr
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$rEnrF ald fom! porB o! dE $ef@ of o$on. Wit c!@idt rle€d dE to

@1ion do|! sag e fttalcd $nic.h FldlB bollolrl! i! r!* Frtick$ of c.rto fol!
sttich 86 cohe out thrcWb @.ll cbru!.t! ,trd fotu holtow cylindiic.t sha!.d poles ,!

ftgm {2J: SEM ot uaEr..l $rc

Frllrt,Lt a! SEM ot arst d SDC
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41.2. Acliv.lio! of$rdqt €rbo! (SDC)

In ordd to dbae the erprion.biiiry of r[c SDC, Eious eids ed b6s *@ u5.d_

Aft.r dqtncd of SDC th@ ihe .dsoation snldy ofN(lD wr5 qied out .t neuhal DH.
'IrF r€suts aF givcn in r!bl. 4,2,2 and shoM in Fig. 4.2.5. IlF edrs Eve.t rhr N.OH
halql svdNl @botr hrs thc bighc$ efiiciency fo. rts uptake of Ni(tD fr,ollt aua$
slulio6. Tb€&for€ 1.0 M NaOH hd ber set@rd for rh€ ctoicd lEtndr of

TlbL 42.2! Codprris. of diE Mt r.td! ud bs.N ed for rdivlrio! of SDC

^ctiv.ting 
.goa (1.0 M) % upolc or Ni@)

I{CV NAOH

HNOj/NaOH

HrSOi/ NaOH

l0l
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ortS

*!

Figure 4,2.5: CoDp.riron of difl€rc Bid! .!d b$.! used for .ctiv.lior of SDC

(srbat d@ 0.1 $ onr.cr riD. 70 Di!; aotED. of NitD sotdion 20

nL; oballmtio! ofNi0l) iotr 5 pg bI t)

42J. sorptior of Ni([) uiry r.dhr.d CSDC

423.r, Pr.liui!.ry rdmlP.io! e{tri@!a,

A *nown kjshl of washed (disli €d vr&r€r) and dried sMNr cebor w6 r,Len iD
Edemeya tlasts (250 mt ) .od added io it a kmM concdFarDn or Ni(rr) solutior
Th€ ontenls of the fl*ls 9w t fl for 30 nin d @d EDlgarw rd @nplcte
equilibEtion, Th. biosorbe.t @ fihded &.l the filtrsle! w€rc trsbftd inro tOO nL
vol@€tic fl6ls &d diluEd Wro Ddk TIE @@nF.doa of un derbcd Ni(ID vw
delemincd using abnic absrprion sp@t ophotom.kr. Th. Butts showed g@d p@nr
upiate ad mE fie w of ewdlsl qlbon s a pbnisitrs hosorb€ar for Ni(rD Aon

t02



4.23.2. ODribiz.tio! Btudiq

The €fie.ts of @io6 p!!l@ra. ltu dL @l!.r tioe snd idt'rrt nerd cotrmrElion o
sorplion of Nj(II) uiog CSDC wcE ilvcatigaicd ro obbh tn€ oprinh condition fo.
mxinm Enoval ofNi(tD from aqu@us $luric. Th4s @ die6*d b€tow:

4.2J.2.1. Th. .(.ct of pH o. rorprioo ot Ni@) urilg CsIrc

The pH €fl@t on the peEdr @orl ofNi(II) fiom aqucoN elrnDn on CSDC M
studicd by vr.yinS pH of ln. sr'rid in rtE @8c of pH 2.0_E.0. 

.Ibe 
Fsuts @ eivcn ir

robb 4.2.3 ad shoh in Fig 4.2.6. ir s ob6€ded rhar rhe upbte of Ni{ ) incrcls€d
line&ly with incr€sirg pH trcm 2 to 5 dd lnq up ro pH ? a snEI ilclte in udake of
Ni(lt) wtu obsc{. At low pH vd6 rhc surtae ofslboo ir Eosrty ccupied by rhe
hyd@niu ioB (Hro) which plodues Fpulsiotr b.tn@n rle surfae f@tiotrd Ereup
&d N(U). At rcl.tiv€ly bigh pE EoE nerion l grcups on fte carhon fff@ b.cd.
svailable for rcacrioo with Nj(I), A decrce h uprlt. is obsw@ above pH 7, which is
dre lo fie fmdon of Niot) hy.tmxidd. -n 

@fore pE 7 B chcen s ollinurh DH
dd filnnq shrdj* E@ .eicd our {r pH 7.

T.bh 4lJ: Th..fiet otpfl otr !orD.io! otNi([) urbs CSDC

% uplrk ofNi0D

18.660

82,160

r03
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980
;70
o60

t50
40

30

5

d

Figurc 4.2.6: Tn. .flcct of pli or iorpdoo of N(u) qsilg CSDC (erbert dos o.ls;
co.hcr tiDe ?0 di.; votune of Ni(tr) ,otqtiob 20 ELi concmthrion of
Nior) io! s rg DL{)

4.2J.2.2. The .lter of.m.&r dE. o! lorpdo! ofNd[) u.itrs CSDC

Ihc.f@l olorracr tme otr the,tl@l upt *. of NjOD ws sMied fon j0-90 nir
'ntc @ultl @ 8iv@ in r.ble 4.2.4 ed dDu itr Fig, 4.2.7. Ir ws obwed lhat th€
upkke 

'ncrees virh incrce in co4lact rime fom 30 nin io 70 nin dd $e
equilibdtion shbtish€d ar 70 nia witb E3 yo Edoval ofNi(tD fom a{!@u sotulion.
Iniliallt thc erlri@ sir.s e mt stuEr.d ard .vaitat e for ,!€lar b,ftlin8. ThftfoF rhc
$rption p@*s is npid and rhd b.@tu slow due ro o@upation of the soDli@ sh€s
Iading Io slow or no adsoQtior beyond equilibiim 1ime.

l04



TrbL 4.2.:l: Th. .ft .t ol ort ct liD. o! !.rpiiot ofNiol) uilr CSDC

% oPr.k olNi([)

30 74_330

75.130

50 71.1@

60 80.E60

70 81.E60

EO E2.200

90 E2,360

o
z

E

84

82

EO

18

72

40 60

nme (dtr)

risurc ,1.2.?r Th. .f.ct or .ont .t tin. on mrption of Ni(II) Blng CSDC Gorb.

d@. 0,k; pH 7.0; voluD. oa Ni(tr) sohtior 21, DL .orcdh.tior of

Ni0I)iors,lgnl,_r)

t05



4232J. SorTaiotr b..n.@ of Ni(tr) ui.g CSDS

Both Flqldlich sd ragnuit srDlion isoll.G w!. .pdicd to fit th. .lar! of erpli@

of Ni(lt) or csDc ed $. iioulc@. ft. rcsuls ar. Srver in table 42 5 @d 4 2.6 dd

shoM i! Fi& 4.2.8 dd 4.2-9. The linqr fom of freundlich 3!d Ldgnuir equrtioN

wrc alplied to evaluac rhe onti! pmm.tos ttd llE lalu6 of lh@ cosidtts N
gjv€n i! tlbL 4.2.7. Ib. @reLlio! @fncient v.l@ shos the fibe$ of the solplion

drra. The sh.iehr line €ig. {2.E) sbos ihll wilh ist!@ in $rylion @Pacity th@ is a

de€e in avcese d.rs, of sorption. The vale of n is indi@lion of f.voEble

adsorpliotr p|!].*. If this vslE is gr.€lq th.t mity thd th. Po6 *iU b. favonue. Il

@ fould thal the val@ of n is grelllr tb{ uity, sueg4ting that Ni(ID favonbly

erbq by CSm- sinillly, a li|@ gFlb is obllin d by Ploltirc CJq v6rs C. (!i&

4.2,9) ald lh. coostaol p&.eelers oflle Lsgnuir nodel wcc calculaicd fion the sloPc

adi csr 'It4 v,lud @ 8lv@ in hltc42.7,ll v6 obsded Eom |,alle 4.2-? th"l

$e ndimm momlay.r ad$Ation speily rQ"r is IOO mg g fhc dara shos Lhat

bolh Frudlich ed l$gmuir i$ttffin mod.ls d b. osed to descdbe ftc $Dtiotr

behvio. ofNi(lD on CSDC.

T.bl. 425: frcutr{lich i...nm for slE.iotr or N(lI) utilt CSDC

tlitid .o&dlntior (C|)

04 6L_)

Equlubrid @!@tl|aion (c)
Oc nL-) (6sF )

5 0.261 0,0t4

25 1.3E0 0.Q72

250 18.250 0.u7

300 54.500 0.942

150 119.250 2.447

1000 t82.5@ 3_?10
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..

3.5

3,0

2,5

2n

1.5

1.0

0.5

0.0
0 50 tm 150

E{dlihiM con . r.d@ (CJ 0g otlj )

2@

Fi$r. 4.2-8: Frcddlich inlh.n for e4dd or NioD uilg CSIrc (tuIbdi d@
0.1$ .o!t ca tid. 70 Eini volo@ ol Ni(tr) slulio! 20 oL; pE zoi
@lstEton of Ni(u) +1000 !g oL_)

r. .,1.16: lrqErir srpdo! |orbm for lo.Dtior ofNi(tr) uilg CSITC

r dd ordtEtion (ci
0,S nL')

F4qtibri@ @!@t rfio!
(cJ Gc DL")

5 0_26i 1.560 l0r

25 t_380 3.810,10'

250 3E.250 9-030 ' l0'

.100 54.500 Lt09' l0'
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J

| 2E43

t.0E-o3

6,08{,1

0r02030405060
E+illbi.6 @d.trrdd (cJ (lts oL{)

Figtrrc 4.2.9: L'ngnuir mrptio! ilolhem ror $rption of Ni(Il) uiog CSDC

(srb.na de 0.1& .orarcl li!. 70 Dirj volloe of Ni(I) tohrior 20

bL; ptl t 0; @r4!tnrio! of N(u) 5n000 ,.g o! t)

T.bl.4e?: fqldUch dd Isguri. L..Lm @utt ! lor lh. mrpdo! ofNic0
otr csDc

KP(msg'.) 0.047

1.254

0.79',1

R- 0.9960

0.025

KrG81 2.500

Q"(mse) 100.000

0.9994
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1,2.3.2.4 Kireriq ol lorpdotr ot NiCI) {.i!s csDc

Th. $rption ki*Ii6 fo. i[. ad6oq{i@ of Ni(tr) oD CSDC € irv6ris.r.d BiDg

rrge€@ Feudo f6r ordd, F.!do sdd odq, irtrspodicL difrrid rld Et@i.h

tor pFudo first{.d.r od peldo s@ld-ordd kiratica ofNi(lD adsorydo! on CSDC

plot of loc (q! - q) v@c tine (r) &d /q vcN ri@ (r) we plotbd rh. BulB e
Sivd itr hilc 4.2.E .rd 42.9 shou itr Fi& 4,2.10 dd 42.1 I ElpetiEty, Ttc vol6 of
nlc @Nlanls of th.s. nodels s@ c.lculsrd ton rbe stope ald inrfttr &d e givd
in lable 4.2.12. lt 'r! foud that th. @nt.tion @frciot wtue (t: = 0.9980) ot Dseudo

sond od€r €4laiion ir g€alei lbd p!€udo fisrqd€r, sugg.ii. rhat it b€$ ntrd into
kinelic dala a conpsld b ln€ F6.utlo fd ord4 €quarion (R, = O _92?0)

TrDl. 41.8: PsoudcfiEhrder ki!.ds oa NiGI) iorprio! utnS CSDC

loc (q. - q,)

l0 0205
,t0 ot48
50 0.017

60 -0,522

10 n.000

EO -t,4Tl

t09



tieure 42.10: P*odo-finGorder kl!.llc! ol N(U) s,ptio! ubg CSDC (orbo.r
dme 0,1ci hiti.l @!@fnrioo of Nt(tr) s sg ouri votuu. or N(u)
&t[|ion 20 ul-i pE 7r)

T.bL {L9: P&!d||.'@!d.'tld tin rhr of N([) $rllion uing CSDC

30 2.0t7

40 2.654

50 1.219

60 3.709

70 4_275

80 4.866

0



5.0

5.0

I2.0

0.0
40 60

FE e l.2.r r: Pa.d.....o!Godd b!.d.. ol N4I).orDto! uhs CSDC (mrbot
.to.. |Il$ hiti.l ootntio! or t{(U} 5 ||r rl,_r; wluo. or

NioI) .oht'lo! 20 rL pE 7.0)

Thc lin tic tur q@ rlso 60.d b idq.niclc diftskD E dd s ir 6. FwiN .e
Tr'. v.lE ofrq (hg 8 'srt) w! qlcll|l.d AoD doF ofib. tiD.. plol ofq, vasts 1ra.

Tb. cdl' e giM i! r.btc 4.2.10 &<l ltoh i! Fi& 4.2.12. tf tba lpiitc of N([) @
CSDC ii dE to inElp.rticlc difrli@ th@ rD. ptot shodd br liF{ rd plss OEugb 0E

odgin bul Fi& 4.2.12 $os Lt l liE is @r F$ing trhrcqgh 0E origin ildidliDg dsr
ditr mt ld!.{icpro.ss @ irvolvd in codrllins lb upllt ofNiQ, oo CSDC.

TIE Elovi.h @fficicsl! g@ crLuld.d tln {lc stop. rDd iotcrc?l of U. li&ar plol of
$ rdsls h t. Tbe rlsulrs @ giq iD hbb a.2.ll &d sho*n in Fi& 4.2.1t. Tlc
qFrio..t l drh fin d tlvdl ro tu p€cudcs.d- o.d.r riFii. Dodet *ilt t [igh Ri
v.lE (> 0.99).nd rbtu i!.Lo @6r6.d by lh. clc*cg of cxFitMtst q. idl|c widr

l



Trblo,L2J0: I npr.ticle dift8io! Dod.l of Ni(tr) uPtrke dirg CSDC

Sorp.io! qp..ity rr dne (i) q,(Dg t ')

5.477 t4.866

6.324 t5.066

7.071 t5.413

1_745 16.173

8.366 16..1?l

8.944 l6.,140

9.486 16.473

rigue {.2.r2: Iatnp.rdcle difiurioD !od.l ofNi(U) upl.k urils CSDC (lorn.tri
dde 0.lgi lnuiil @bantr|tio! of NioI) ion 5 rg br,r votuD. ot
Ni(U)io!atulio20Dt, pE,)

1t2



T.bL :tlrr: Ebvi.t Dd.r of N{u) |l!l.l| ..bs CtiDc

rig!rc4.2.13: Elorictr nod.l ofN([] uDa.k uh8 CSDC ($tb.Ir do!.o.lgi |riri.l
@i@lfltim of Ni(tr) S rg DLi; vohD. ofN{tr) ohtD! 20 DL
PIl7.0)

Lr(nh) sdpd.r apc'9 .. rir. (r) r (Ds i)

15.43_]

t6.373

t5!471

t1.0

tt0

1.0 3.1 42

l



TrbL {,2"12i Ktn.ric D.tuet n oa NioD rdp.iotr o! CSD

P!.ldcfnt ordd ld&ttB q.(mcs)(dp) 16.470

9.(m8S) 40.450

PEu.lo-*@ld o.df Ur.dq

leeru'di!'')
c (ns c')

htnprnh|. dif,l|ion EGi

PGDd)
0.9150

u4



P.rt A3: IDv.raigrlioD of sdsorption behayior of Ni(II) usiDg wrsh reo

4J. Rdult' .trd dirru.iolt

43.1. Cnrn t rir.tion ot w{r. ta t rvs
In odd to iddtify thc tuncri@al Sroupd of ttc lr€sLd &d uirt r€d wr6le tc{va!
FT-IR t chniq&s ws r6ord.d in 0E A.qeicy .ans. fiom 600 io 4000.h-r &d e
shoM in Fig. 4.3.1 sd 4,3.2 B!eri!.Iy, Th. plq.c of peks in .ll cls at 292,
1714, | 610 .nd 1558 mr in BG l.! levcs confilri l!. pt!3.@ ot C - H $nrd.d, C

= o, C = N and C - C Es?@tiv.ly. By @Dpeing rla IR sper! of stl rhr u&liatr
$e fusriotul Soup intcciry w the eft in wd.r rsh.d ed fomatdchydc (0.4%)

l,@Ld Fo. furtber eElyrk fodd&tyd. rqr.d rssi. r.! lav6 }@ u$d !o lvoid rbe

interfM Aon @lor of t6 ar@r

\,/','---*-*

Fig!rc l3.l: FT-IR lpctraD ofsrt.d (dnlilld w.t r) wst te. tey.s

lt5
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Ilgrn a32: FI-IR.peatlD of fo.e.U.nyd. (O.l%) art|t.d ,.r. lq tqv6

431. Sorptio. lrudtq of Ni(ID uils w.rte t@ lc.v.,

{3al. PrlliEiury ,.lorprior q[qi!.!!
A knoM eiehi of wshed (disriled par€r) ed dri€d vsc @ /@ves s@ iakcn irErl€@.yd nad6 (2j0 Er,) {d .ddcd ro ir a l6ou @trqrEtioD or r,,r9 _,*o,.'Ite @nlats of rhe n.sk! wE kelt for 30 nh ar Do
.qu'ibntion. 

'oe 
bioso*e es ".-;;;;"ffffiH'ffffJbrmeLic tlaskj adl diluLd upb mk Tte oenrFri.nq of uld$ftcd Ni(tr) *!E

d.te@ined uling aiomic ,be.ption sp@urphoron€&i The BuB shorEd Eood pere
upl'tt .!td cG@ tn. E ofvrlde &! t6v6 s . Fomisi.g bi<Fofte fo. NioD fiDm

lt6



43.2,2. Oplioizrtior saudi6

TIE $rption p|oc6 of NioD Nirg sd. i.{ l@v6 my be aflocr.d by v&ioE
v&i6bles skh s pH, @nto.r tirc, sorbcnr do*, inid,l mei.l co@nrario! and

tedFEt@, Ihee @ dieuie.d b.to*:

4.3,2.2.1. Tto etfst of pll on .orprio. of Ni([) uirg ser. a.r l€,v6

The cflai of lhe $lurion pH on UE sorplion of Ni(ID on walte &a teaves ws
inv6ti&t d. fte pH M vaied toh 3.010 8.0. IE Bults arc siven in lablc 4.3.1 ed
shoM in Fie.4,3.3. It 6 be ob*rv.d tro rhe plor of pll iss p€'qr ofl,te rblr
ahotplion ilr(rtas wirh itr6a& in pfl of rhc el|rli@ The % upraL w foud to

'trc!!.s frcm I1.2 % ro 70.2 % wiu iml!@ i, pH &on j ro ?, Al low pH, lhe %
upat€ is lovd due b rf ion pE$ in r!. $tudos, wtich compet with N( ) for
rrvc atcs on rle srb€nr eBing s d6a!. h the yo uptake ofNi( ). A1 higt pH the
sufa@ of iea l€ves bc@tu !€Srrively ch&g.d whch l€ads to high upt4tc of NiG)
threugh clet ostdic att@rio!, Ir ws obw.d rhar 0E sdltioD incre.t up io pH 7,
where duirnM $Drj@ uls .chid!d. D@rtaj! i! adsoDiion was obw€d beyond !H
7 dE ro fonndion of mllt hydmxidc, 

,n 
rlfoE pH ? *s set@rcd.s oprinun pH foi

ad$ption of Ni(ID on w.ste 16 t@6.

T.bh 4J.l I Tlo €ffar of pE o! so.plion of Ni(U) ushg wero te. tervB

% uptlk ofNi(U)

49_973

52.93J

7



EO

e60
z

s20

d

rig!rc :,J3: T[e cfier of ptl o! lo.prior of NioI)
.o!.. ..tion oa Ni(tr) S ,le br,.ri pE
conod aiD. J0 niri rcoD trop€rrture)

uire wla€ tq tav6 (iriri.l
3.0{.0i !.rt.rt dq. 0.05 g;

43JJa T[e cff.d of @rt ca aiD. on &rprion ofNi(ID BDg *!re te lqvd
fto efiet oI @ni&t rine on lhe soFrion of Ni(Il) on wale te! toves vith stEldag &dqtnoul shr&ing w6 inv6ri9r.d, Tt€ c6r.cl ritu Ms Eied trcm 30 b too min. TlE
Bulls ft giver in tabl€ 4.3,2 ard ,hown in Fig 4_1.4. lr ce b. se€n trom ilE fe@ thal
a steady incr4e iD % uptate w obr€.lrd wir! ircrle i! olrlct rjtuc. Flnir it eN
mded $!r in ce qha stskins B N.d ger.r upi.te B ob6@ed fd $e @e
€quilibhlion tiDc in 6nrr4i io tlE ce vitn no shal.ing, Ar 90 min onract tine 82%
upbrc fo. Ni(ll) we ohGwcd wirh shalirg b @trrEsr [o 72% up&tc wirhour sh,td@

ll8



T.bL {J.2: Th. etfEr of @lrrct tiD. o! ro.ptio! orNi(U) u.irs wri. Lr t .ad

riE. (Ditr)
% opirlr. oaNi(tr)

30 50,533 60.866

40 55.26 54.200

50 58.93J 67.E66

60 62.400 7t.733

70 65.2@ 74.456

80 6E.46 78.513

90 n.w E0.865

100 1J.266 E2.133

tm

It0

ri8!E d&lr Tt. .fi6. or @!i..t rie or erpfo! of Ni(u) uilg w.!t ... L.ys
(idti.t .d.@rnfD! of N(ID 5 !g DL-ri pE ?.0i @rb.!t doft 0.05 g;
@ot.cr rioe jG.l00 Ehi rooD t.Dp.nturc)

9



43213. Ttc.tr cl of Drlat d@ o. erD6or orNioD ui.gwrt ia L.a6

The $rbdt doe is a inportsnt fetoi qhich afdts th. lorptio! pe6s, C€nedlly' s
tlc $t nl doe ircMe Ihe srption.l$ illc|tsg dle 10 auilability of th€ so.Dtion

sir6 for uelalioc bindi!&'IhcEfi'c rlt .f€r ofsoft.nr d@ on $lPtiotr ofNi(II) B
shdied 4d th. @out ofsoft.ni w vdi.d ton 0.03 to 0,15 g, Th. rtsutrs @ giwn in
table 4.1.3 ed shoM in Fis. 4.3.5_ raiti.llr th€ $rption si16 e occupied by lvait.bl.
meld ioN ad !o ftrit { erptio @u dE to @!-avaihbility oferption sics, As lhc
$te.r do* iic@&s Oom 0.03 b o.l5 & rhe sir6 for suDlion d$ incre$ snd l0O%
upiale wa achided at 0.13 e of so!b.nt, ,IhdefoE nrther snldis Ee cdied oll1 a1

lhi5 optiDw erb.nt d@,

T:hlezL:t.3r Tte.fier oferbd d6eo!sorptior ofNt0t) Bilgwut te Lrvs

% oFt lc otNi(ID
0,03 93.600

0.05 95.266

o.o7 9?.5.]3

0.09 98.600

0.ll 99_400

to0,ooo

100-000

ot3
0.15
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102

,;98

Ee6

94

92
0.05 0.t

wdslt G)

0.15 0.2

rigue 43.s: Tb€ erat of rorb€trt dd6 or !or!tio. of NioD u.itrs rst rfl k.v€!
(ilidd @a.ahdo! of Ni(tr) 5 rrg bl,.r, p ?.0i ,orbar dde 0.0j_
0.15 g; conr.ca time 30 Dili moD r.D!,.naurc)

4J.2.2.d sorp.toa iioo.tut or NiGD uils ,*L JF L.v6
Tn erltior of Nj(tt) on wsle ra r.av6 B studied by so mosl co@only usd

'$them; 
the Ircudlich .ad LegEuir 

'sorh€tu. 
TIE Buts e givd i, l!U. 4.3.4 ed

4.1,5 and shoM in Fi& 4.J,6 sd 4.3.? r6p€iiv.ty, ft. @Nialr pemer,s of th€*
isoilms were crtcutared boh slope ed inte@pr offie l[4 ram ofrh* .orarions
6d ft given in rable 4.3.6. The I vatE of the Feudlich Eodel shok rbat Nj(II) is nor
$rbed &bBbly on Bie l., l€ar6 bdlF ir is t6s 6rd uily. It n.y be @Rtuded
tum lle 6ulrs ttrt fie soryiion &ra of Ni(lD or wssre t€a l@v$ shows bit fit into
Ldgmuir isorh.m Dodel dE b hish o@larion @frcicd G: = 0.940r.

t2l



T.blc aj.a. FEldti.t !Fah@ tor stptid ott{iol) uirg ,sr. ,!. t rv.,

FEu. 4J.6: Fr.Ddlict ilort.r for reado. of Ni([) bill
(i!tti.l o!e!.hrio! of N(tr) r-t50 rg oL.,; o;
Ol3 &..rt .l dE 90.ir m.e r.r!.rtt!re)

I.ifrr .or@!lfrdo! (c)
0cd,)

r4ufibdrD oa{lnfto
(q)0€DL") (Ec Br)

I

i
16.6ll

8E.140

I

t00

3o

20

6
hn&io dq[ja (rg.rj)

122



T.blc.135: L.!to!ir i'..id! to. lofErim orNt([) ui!g,{a ra k v.

Ililirl.o&c!i'|tio! (Ct
0.s Eu')

r4uilibrtuD o.@rl.tior
(c.) 0e DL-)

20 0.360 2.r95.10+

50 l.l3E 1.656 . l0r

t{Jo 3.Et5 5.169x lon

150 6.t85 zolE x lot

0,03

J 0.04

0

6
&IllLiu @.rrrdd ts rli)

FlgrE 43.7r ralgoui. n ott.rn fo. &rpaid ot NiGI) uut wri. ... L.v.. (id.i.l
co.car!*ior of Ni(tr) t-lr0lli b!.,i plr 7.0; lorbd{t .lN 0.13 g,
co.rrla rlD. 90 biDi rloL ,.ol,cn.rE)

t2x



T,bL .1.3.6: FrcEdlich .!.t L.!gD!n n ofi.m
otr w!a. a.r lav€

co$l.nlr for lt. mrr,aior ofNiflr)

F*uidxch ioo;-
&(ms s') t9.220

0.9263

xr (t c') 42.730

Q. tng g1
t20 500

43.2.2.s. Kilcti6 of,or!.ior ofN([] o! iste r.t h.v6
'fte E& cobirnt fo! FodcfBl_od* tiftriB q be odemrcd &oa sropc of iheIi.4r plot oftine sgaiEr log (q_ qr) and lhe saond{rdd

;", *,,"; ;;; ;;;ff, ;ffi : :ff I ;lJm rabre 4.1 7 and 4.3.8 &d sho$n in Fig. 4,J.6 &d 4.1.9 resperrvelr. ll D6 oberv€d&on rie t'bl€ 4.j.lt &ar 0E c4fttadon valu! {3, = 0.9946) ofpsndo-ehnd_order

:i:li: *T * * *rcftsr{dq Eod.r G: = 0.e856). ,uis sugs€srs rbsr n€adsrpuo! high be olhou€d b, ps.1{lo.s@dqd.. eoder.

III'"rl--* j,*: *."".rso f&d h inrrp€nicjc dfnaion hodcr a5 jn rhe

::::-: l"j*":t(Dcs's€c'z) *'s€/curaEd r,oD srope01'i€ riMpror_ 
'l 

_.* , ,ue eslrts &! Siveo @ &b1.4.J.9 sld rhoe i, Iis. 4.1.t0. ||Ur
:T:::1Tr) 

oi 
lste 

&a r.iv4 is de ro intrararricre diduioa rhd rh. prot rhourde rh@ ad ps fireugh rrp oriCin h{r lig, 4.j.10 shoh urat tine is nol pNioa

)24



rhreush rhe oriSin indi@tirg rhar direMt kirEtc pD6s.s @ i.votv€d in onrolbg
thc upiar€ ofNi(ID oi wa5L ret lew6.

The Elovich @fficid|! wE cdculdld tioo lhe stopc ad bierce ofile tin@ plot of
q veBu ln ! IE 6utk e 8iq b r.bL 43. l0 ss shoM in Fig. 4.1.1 l.

Trbls 4J.7: Pr.udo-fiDt{rdo ti@ds of Ni0t) optrke udrg rstc r@ l€.vs

e

'E
.g

0.3

0.2

O,I

{.1

42

20 l0 50 60

Figurc 43.8: p!.udo-fi6t-order Hn.lio of NigI) uDt t@ ui.8 ,oae td tavs
Gorbor dd. o.lj s, i!ftirt @ncre.fio. or N|CI) 5 lrg nl,.r volube
or NiGr) dlaio! r0 b|,i pI| ru)

t25



I.bL aSr: Psrdqsul.ordo tdn.dd ofNi0t) upt [. llitrg,sr. ra t6vq

PserdGro@trd-order kiodte of Ni(l) qrrk
(e$.!t d6e 0.13 & I[|rl|t @re.tr.dor
volqb. ofNi0r) rotraio! l0 Dt i p{ ?.0)

of Ni(rI) 5 rg ELr;

l/q, (din Ds s)

60

n
10.186

| |,t29

60

nE (r{r)

t26



T.bh 4J.9: btnDrnicL diturio! ood.t ot N(u) uprrte rhg w.!te te lova

sorpdN cpldty d .iD. O ft (Es gt
5.477 4.9E

6.324 6.2J0

7.071

7.715 E.361

EJ66 9.$O
E.944 t0.186

9.1a6 1.129

t2

:.8
g

l0

F$r.4310. I!.r.p!t L ditfrd@ Dott t of Ni(u) Ipa.r. lring dr. r..
(3orb.!t doi. 0,t3 ei bifEt cd..!.r!ttur or Nt(tr) 5 |lg
votuD. ofN(tr) .otqtio! t0 nL pE ?.0)

127



T.bl.4J.10: Elolich Eodd ofNi0D upr.lc uilB'.rt t€: L*€

S{rprtoo coplcity rt tioe (u q tDg &r)

.].401 4,928

3_688 6.230

3_9t2 '1.357

4_094 8.364

4.248 9.rtoo

4.142 10,186

4_499 t1.129

t2

r.0 3J 4.0 4.5 5.0

hl (nh)

Fturc aSrr: Ebvi.! Dodd ot Ni(II) rpt tc Birg,!.. .a la€ (&rb..a d6.
0.13 g; iriain orelEt|io ot Ni([) 5 rg DLr; voh@ oa N(tr)
$hdor 10 E! pE ?.0)

t28



Trbl.4J.l l: Kireri. prtm.r.F oI N(U) erptio! o! rurc ra tqv6

P*ldcfrnr onLr |tl!.tie q. (Ds I ') (sp)

tr (mir'')

q. (Dg s)
0-9856

Pt.{dB@trd ords li!.ti6

c. (nc c')

I.hprrricl. difiuio. dodd

0.9997

a (ms s" min) 4.190 .10'

0e m&')

4.3.2.2.5. rb.roodyoroi€ of 3oryto! of NtoD o! yst€ Er @vq
The sludy of timodjdmic as$mes tEt itE @rS, in 4 is.lar€rl systeh cmot be tost
o. eucd whe tb€ .nropy ch68. i! De driviog fo@. Ihctn@yD@c pan&.r.6 re
cilc'rlaEd for ddmi@rid of siplio! ploe$, io c f rhc lqption yil @cur
sponDn@lsly o! mr llt. ct@rg. ir tE eids/ (AG.), orhatpy (AH.) !d @dopy( So) of$,prior pm.es B .dc rred by folrowirs cqu.tio.s:

t29



K" =t (t)

(2)

(3)

vh@ rs is thc disfibution coBirli, q. ir rhc 
'mut of merd ion so$c_d (Dg g ) ai

eqlilibnm ed c! i! th. cquiliiliM cq@tr.rion (trs ol.r).

Th€ ul6 of bKD w@ ptotl€d ag.i$r l/T. Th. r$tls e givd in tible 4.3.12 ad
shoM in lig. 4.1.12. The vdu6 of K., r'Oo, dHq &d AS. for $rptior of Ni(rD @
wste ta loB w@ cdcdar.d airS.qudi@ l, 2 ud 3 &d @ eiv6 i! table 4.1_13.

Th€ @Caliw vrle obraist for AW india&d e cxorhmic uprid pllr)K Tbe

Dosidve ulE of Aa. shovld itE aftuiry of B!. t.l toB for Nio) *net6 ttE
mgalive valw of /Go showd rhd rh. $prion ptlcs is spor!@N ar 6e snldi€d

Trble 43I2r V.r'r Hor .qun . for criudon ot tt.modyuDic p.no._r.n fol
NioI) .orprio! o! ,u.. ra L.vd

r,T 0c5 ItrKo

Ll95 . mi 11.705

3.0% x l0'' 11.587

I1503
2.915 x l0r
,$i r tdi-

.045

t0.861

2.155;E l0.,16l

l]0



|,2

0,0m{ 00012 0.0'].1

Fig!re 43.12. Plot of tn Kb v.n$ l/T lor qriDrtiod of rh@odynrdic
Froot B ro. NioD slplio! o! ,sl! t6 le.vd (rninl
cotr@nr.dor of Nt(Ir) 5 Fg Eu,j plr z.0j sorbmt dse 0.13 gi
votua. ot Ni(tr) d!6oo t0 d)

1.b1. 43.13: Ttmody!.ni. pr6D.i.E for rb. uDdor or NiOt) on e.!t to

aqo (u bot.,)

-ll.8t0

.31.870

l3t



Part B: Irvestigation of sdsorption behavior of Pb0I) using ,cid treited

ortnge peeb ad crrbonir-ed orrrg€ pe€ls

da. R6rl6.rd.licuios

4.4.1. Cbrncierilll.! of t id tr..t d onry. IE.ts (AOp) .d c.$o.L.d ontrge
peb (coP)

r-TlR sDot! vd Ecord.d b odq lo id@dry rh€ nmdon t Soups or lhe suf.e or
AOP ed CoP. TIE Gdts e givd in Fi& 4.41 lo 4.4.5. Fi8 4.41 is rh6 FT-IR

sp€ciru ofutEaied omge Fels rhich show tte Fsdcc of -Oq, C - H shebhine,

COOH ed C = C at 332?,2810, 1645 sd 160{ cdrFsp€ctiv.ty. Tte chehicrl
lr.dhdt of otugc Fcls Drde the gDup6 m@ psmiMr $ slbM tDE ihc fis.
4.4.2. The in&rsiry of rh* 910146 b.con. l€3t ane. sdpiiotr pb(lt) on AOp a obvioG
Eom the Fig. 4.4,3. sugg6ring lhar 6es6 8!ouF e inhlEd ia pbo) bildine on AOp.
Thes tunctiolal gbups die!F6@d o' th. sutfa@ of cdbonietl (mce p€eh and
@bonalion 6 lhoM ir Fig, 4.4.4 srd 4,4.5. This suggsrs rhat physic€j ld$pdon
nehrnis plays u imporrral ole i! pb(rr) biding d cjrtoniad oBnge pers.

Itgun a.4t : FI-IR rpearu ot !!har.d oEog. pah

tJ2



Fi8rrc 4.a2: PT-IR rp..rob oa rur.d on.g. pak

Figurc 4.a3: FT-IR rp.clluE oatuLd orug. F.b .ft€. .d,orytiotr of phdl)

D3



l(gur.4.,{.4: FI-IRlp.clruD ofrub.d (dira xrr..) qr{ r.don g.pe||

h

Flglh {.45: IT-IR .p..lFD ofw.d.d 6rbodr.d oeg. p..b .faer .d&.plio! ol

rJ4



4,4,2. Sorpaior rtudiB ofPb0l) uilg AOP ud COP

{,4.2.1. Prelini.r.y rdsorpiion.xp.rineot!

A hoqn weiehr of R8hed (dbliu.d wtt .nd dried otuge p€els ed cdbonizd

odge peels powdd qft 1al€n in s.pariie Erlmrr. flasks (250 mL) md added 10 it

a ktum @ndtralion ofPtor) shxion. Thc @nlcnls of the ,lasks wrc lept for 30 min

al @m l4mp€Ftw fo. @bpl.lc equilib.ali@, Th. bi@rb.!t wc filtct d ed thc

filtrrlcs wF lrusfercd irro 100 hL rcluexic fllsks md dilul€d upto ng*. ThG

@l@thrioc of ued$bcd Pb(ll) w.F tL|mined Ni.s .ronic alelption

s!.crropholonet r. Tb€ Esdts sbowd good F@nt upt ke ard @N th. e ofoturg€

pecls ed cebonired o@ge Fek d pmDisins biosorb€nls for ?(II) tom aq@us

4.4.2.2. Optioiariotr studiB

Aft.r prlimii'y aderption rludie ir w @trfimed rlat PboD @ b€ EDov.d {iDm

aq@s mldia Nins @tt]lr@ial lrd indig@a Drtdials. Fd nAind .dsopliot

@ndilion of pH, @nia.l rom &d idtid h.l!l @n . rarion v* oplimiz.d rnd c

4.4,2rJ. Tn. .rd of pII on rorplio! Pb0I) u!i4 AOP ud COP

Thc .il6r of slurjon pH o! sorpnoo bchavior of Pb(tl) aon aqu6s $lu{on usins eid
lrealql otuge p*ls (AOP) ed @boniad omge Fels (co?) v6 itr$tisatcd in thc

rege of 3 lo ?- Thc 6ults e givd in t bte 4.4.I &d shou in lig. 4.4.6. Ir @ be sn
fton ihe 6ge Ihat ielw iD uptale of Pb(U) is ob64td b bo& cM wiih inc(.s€ in

pH !p to s.5 for COP and pH 5 fo. AOP. Beyo'd pH 5.5 rhd *s rc cfr@t on thc

upl,a&e b ce of COP snib iD @!. of AOP d dc|te in rhe u4rre of Pb(U) 6
obeocd vftb it)I:l€e in pH bcrqd 6. Abom l00e/6 uprake w6 etiqed at pH 5.J lior

COP. At low pH,lbe Fcnl sorpdoD ir loB€. due b tr ion ptlqr h th. $lutioN,

shich cohpete wilh Pb(ID for acris sir6 oD rhe sorhenr cubs a de@s. itr th.
pcrc.nt soryrion of P(u). At hiehq pH, tha sudae of the o@se peel w6r. day



h.cohe negatirely charged whict nsulrs for bis!€! sorption of pb([) rhmush

T.bl. 4.4.1: Tb€ erect of pH o! lorpdon of pb(U) ucilg AOp d COp

pE
% upliL. of Pt(tr)

OP coP
3.0 45.180 t0.913

1.5 54.100 48.893

4.0 56.140 58.011

4.5 63.320 74.tN
5.0 7t.El0 91.013

5.5 80.690 100.000

6.0 94.190 t00.000

6.5 E9.9n t00.000

7.0 57.240 100.000

-r- coP

tn

clm
t
980

*tE,^
s:o

0

cr

rkun 4.4.5: ftc Gfter of pH

.o!@antion ot
o! srpdo! ot Pb(tr) uilg AOP .!d cop (rnirirl
PD(tr) 50 13 DLj; pH 3-7.q mm roD.nhrc;

136



sorb€ol dot. l0 n& volun€ oJ Pb(I) rclutio! l0 nL; corhcl tin.

4.4.2"2.2. Tbe €fl€cr of coltrct tiD€ on rorption of Pbol) uilg AOP rDd COp

The €II6t ofconbcr lim€ vith md without shatjng on th€ p€rcenr sorytion of pb(lt) on

AoP ed COP h invdricalad i! 1he @gc of t0 b t20 nil Th. 6utr @ siv.n in
rable 4.4.2 ed shom in rig. 4.4.?. tr wos obw.d lhat th€ uptakc of p( ) is €pid for
lh€ fnrr l0 mir ed ircBed iom 57% lo l00i/ in 90 Ein without shrtins ald tbn
73% ro 100% wirh shakins in 60 nin wit AOp &d in ce Co? {ift or wirhoul shaLiq
$e upllL @h6 ur ro t007o witin 80 nil hiria{y Ue sircs on rhc bi@ft.lt @
open md Pb(D inlelers wiil| the $lplion silrs Epidty rheEfoD the sorprion 6ic is
lfuhd.'nE @n@rr.riotr gEdic is ate highq in rtc initial time ber*m th€ bulk
solution &d the Bolidliquid inrlqf@ t ading ro higha soDrion nle, Ai 90 min @nract
tire thc |MinM uprake of p(rr) E ob66€d with borh AOp ed COp.

T.ble {.42: Tb. dler of @.rrct due o! lorprio. otpb(It) Bilg AOp ..d COp

.htkins (AoP) (AOP) rb.liog (cOP) (coP)
l0 56.580 n.9N 3E.606 49.020
20 57.000 79.64A 46.511 59.871
l0 66.9.10 45.920 56_766 65.953
40

-- stt60
88,080 12,746 72.560

50 91.420 76.160 76.000
60 81.980 100.000 91.413 78,59J
10 88.420 100,000 93 746 92A06

grt8a80 92.180 1@,000 100,000
90 99.t20 r00.000 91.980

100.000 r00000 r00.000 95.?80
ll0 r00.000 lu0,@0 100.000 9E.890
t20 t00.000 tu0.000 r00.000 100.000



E

Fig.re 4,4.?: Tte.ll.d of.orract rioe oo lo.ption of !b(U) Bilg AOp ftd COp(Iniri.t co!@rr.rio! oI pbCJ) 50 !g bL.r; pll 5.5 .!d 6.0i @ntemp€dtrrci ,orb. dc. l0 rg; votrr. or pboD solurior tO oL..onhcr tin. rGl20 Dia)

4,4.2.2J. Tbe e0el of corbdt d6. oo r.rption of pbol, u,ing AOp &d COp
Tle efer of so.beni dose of Aop ed Cop or rnc er

:ll y t 
yt,u,-"*," "r.il;;;#;;ili H;T ":R:

ililll,ff 1^-."*" : 
,r8. 4.4.8. ftE sorp,ion or pb{rrr ,rcE4ed fmh 60qo ro

equuDn@ @len|labo! in etuoor decE46 qU imEssDg doe ot e.bent tor as,ven idriai @he ralon of pb(II). Irlis is du. ro rhe fi

;;** "*". 
.**" * ;; ffi ;:r "Tx ::H1':1

lJ8



Trble .1.43: Th. .fret ot corbar d@ on &rpdo. of pbot) urilg AOp ud Cop

% upt L. ofPb0l)

45.JtJ59_750

62.t20 45.606

65_033

86.460 82.810

E9,480

100.000

3

E.

tn
r00

EO

60

40

20

0

--.-- AOP -+- COP

l0
so.bnt dose (ry)

l5 20

Fturc 4,.t,8: Tt. .Ee.a of lornot dos. on .oryrior
(hitut .o!.c!rEdm of pb{tr) s0 ag

ot Pb(I) urijc

-L_'; PH 5.5

lt9



t€mpefttEi .orbdr dore 10 D$ votune of pbol) iotulioo l0 DL;
@!a..t rin. 30 Eir)

4.4.21.4. Sorptiotr iroth.m lor ph(I) on AOp .d COp

ltc nct @tmo! two iettEm oodck ir. FEudlich 4d tsgmuir lld bed to
a$llu the equilibdM dlh ot pb(U) oi AOp ed COp. TIE €suttj e giv€n in hble
4.4.4 and 4.4.5 ed shown in Fi& 4.4.9 sd 4.4_10 6p@riv€ty. Tte Frcudlich conearts
wcE calculated ftom ih. liftlr fom of fuundtich i$thm .qurrion ,nd giver iD rable
4,4.6. Th* rdG ofn ir borh cas e Sretcr tbe @iry itrdi@ling rbal eDrion of
P(ll) o. AoP ad cop js ine favonbte p@ce$.

'Ir'. LegDuir i$lhem Dodel ase6 the Eombyo e+rior over s homogcMu
otug€ !€el ond cdboniad or!r8! p€t sorbar ai @n rdpqalft ed te valu€s of Ihe
nmlaya sd$rplion c{pa.iri6 wrc crlc.,ricd fiDd r!. h}rar fom of bnmun
eqlaLion lrd kE found !o b. t0ao mg e.r ed ool,I mS S.r lor AOp ed-Cop
r.spectiv.ly. The othd @sLnr F@.{.8 e givdt i, trbte 44.6. Fbadlich ad
tashui. isorhms bofi best firled rhe data for srytio! ofr(Il.) d shom in lig. 4.4_9

Tsble 4.4.4r rrcmdti.t iettellt for sorptior ofpb(I|) utns AOp .rd cop

(cJ 0lg hL)

F,qsilibriur o;Mtrri;
(c.) (.,€ sL r)

So.D.io! oD.ciry (q.)

(n8 c')

r2.8Q6

15.4E0

140



r co?

. l5

E ""
' 0-4

t0

hilibirn coocortrnim 0'g nl,i)
t5

Figure 4.4.9: Frcud[cn irotbem for .orpliotr of PbqD urilg AOp rnd COp

(lolti.r cor@tnttor of PX[) 5G250,€ DUri pH 5.5.od 60i @n
r@p.hturci $rb.!r de 12 og; yotuDc of Pb(rD rotulioo r0 d;
rbrLirg tid. dO Dj!)

TrbL 4.4.s: L.rynri. irorb.rm for lorprio! of pboD *ins AOp .nd COp

(c) (r€ DL-)

Equilibriuo.orc.Eadtiob

(cJ o|g ot)
coP AOP coP

50 o.746 2.081 2.100 1.945

r00 t.890 5.641 ).860 4.419

150 l_350 8,747 3.4(fr I1.453

200 6.010 12.E06 5.160 t4.829

250 9.t99 15.480 6.980 15.800

t4l



200

160

r 120

T- 8.0

4.0

0.0

5

&du,Liu
t0 t5 m

a.+10! LrrSlIr! Lo6q|r tu |o$do o( 
'@ 

ubg aof r CO?
C||d.a.c.trbd.! ia I.tG) !G25, rC 

"L-,; 
pf, 55 .od C0,n r q.|&q ro.t_. e.. |t{i 'thr. orft(tD,.todo. to.[rtrt&.od)
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4.4.21.5. Ki!.rie ofs.Dtio! oIPh{rD on lop .!d COp

Tle lifttic dat. of rhe Pb(U) e@ fr.d i o prwioosly di$us$d fou kiredc nod.h.
Ibe mte @sa.rt for p*urlcfsr{d4r @ b. ttct dined tbh rh€ sloF of tnear plor of
filc agliml los (q. - q!) lrd rhc second ordd ral. @nsraat Kr (g os r njt',) for lsudc
se@nd-order model M be der.mii.d fion rh. interept ofrh€,lot rine (t) agaitut |/q,
ftc 6ults m eiv.n in tab1.4.4.7 dd 4,4,8.Dd shom in Fi8,4.4.n dd 4.4.12
esFEclively. lt ws obwcd 6!0 rh€ taltc 4,4.11 l[ar the value of coretario!
coeficient of the psudGs@nd{dd nDdet i5 bigher tlh $c frn od.. bodel in bor,r
@s of srbcnls stgS.3tirg that rtE erprion hieht b. @ftlltcd by s@nd{.dd

T.bl. 4r'4.7: P.adcfxlr ti!.dq oa pb(f) erytio! uilg AOp .!d COp

ros (s. - q,



6.0

5.0

^ 4.0

Pz 2.0

Lt)

0.0

. AOP

icoP

40

T'D (dr)

Figure 4.4ur PlEdo.0rlt ti!.dcr ot ?b(I) &ndm uiog AOp .!d COp Olilirl
co!..nrn.ro! of pb(II) s0 !g DL-r; pE !"5 .nd 6.0, rcor
i@porrEi ettdr de rl Dg; vohrc of pb0D lobtio! l0 nL)

T.ble {.,1,8: Ps.dorcold ti!.lb oflt(tr) !.rptio! uilg AOp tud COp

vq' (oir g Dg r)

r45



5

024

0:0

0.16

0.12

0.08

0.04

0.00

20 40

Ile (Dir)
60 EO

Fturc ,14.12. Peudo{.cord td.ti6 or pbCD lorprion ui.g AOp trd Cop
(btu.r.olmrndor of pb(tr) 50 ,rg ELt; pII ,5 &d C0; mo&
reup€nturs; lorbqt dole 12 D& volune of pb(II) lotutior l0 DL)

Sinilalx lhc @6Lbl p&mel€B of thc inEspanicle di6Dion 6odet wer €valuated
&on thc slop. aDd idd.pr ofplo( A t!fu sql@ @t ofrinc. TLe Bulrs e siq in
llble 4 4.9 ad shown in Fig.4.4,1.t. rheFig.4.4.13 shows lhar rh.plorof q,,e; t,,n
not p.s,Dc threugh rhe origja ildicarj,8 d.t iddpanicl. ditr$ion is not thc conrtouine
step dudng e.plior of pb(II) or AOp and CoP-

The tilovich coelficids lr@ calcdd€d Aoh stop€ sld inrerc€t ofrhe plol ofql v6N
ln r. The Rrul6 ft girrn in tabte 4,4, | 0 and shovn ir Fig, 4.4. 14. tl cra be seen fiom the
lable 4.4.1I rtlI rbe o@lation c@ffcidt of rtc COp is gMter 0@ AOp ildiedrg rhal
kidelic data of pb{lr) on AOp folow r\e Elovich Dod€I.

t,t6



Trbl.4.4.9: l rrpr icl.diftusiotr Eodelof Pb(ll,sorplior o!i.gAOp!trd(Op

Sorytiotr ..D.city .t riE. O qi(Es g)
AOP coP

3.162 2J5.777 l9t.0rl
4_412 217.500 2r.566
5.417 278_944 281.813

6,124 307.?50 16r.113

1.011 1.t8.194 38t,600

7,145 J49.944 457 M6
8.366 J68.444 465.7J3

E

500

4m

3m

2N

lm

0

I CoP

6

ca (nir)
t0

FU!rc :1.4.13: h.hp.n'cb {UnuiD Dod.l or pb(IO 3orplio. u!i!g AOp
(I.ili.l conc@rEtto! of pboD 5t) rg uLr; pE 5.s .od
&u!.nrurq $ib.!r d@ lZ Er; vohD. of pb(It) 3orutior r0 DL)
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Tlble 4.4.10: Elovicb Dodel of Pb(U) loryrioo urilg AOP strd COI

Sorptiotr crprcig rl tlbe (t) qr (rs gr)

coP

2.)02 235,117 t9l.0ll

2.995 211.500 232.566

1.401 27E.944 28.t.81.1

3.688 107.750 .163.7.13

t.9t2 llE.l94 381-800

4.094 349.944 457.W

4.24E J68.444 468_7ll

500

4m

Li00

-26

100

0

3.0 3.5

l (nin)

. AOP
tcoP

rigur. 4.d.r4: El@ich 6odd ol Pbol)

cordtdtiotr ol ?b(tr)

l.bpmturc; srb6t dd.

.o.p.lo! Birg AoP rld COP 0!nnl
50 pg nrl,-Ii pE 5.5 nd 6,0i rcon
12 dg; volu. of PbGD lohiion r0 rI,)
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.tn.22.6. Tb€dodynrnis of torprior of pb(tr) on AOp dd COp

Tl'emodynanic pdmeleB likc ch6g. b fre .i.rgy (dO.), enrh"lpy (AH.) sd
cnlrepy (AS!) of srption pl@rs \,@ cdcutated ui.g vd'l Hotf €qunod s discd
*licr. A plol of lnKD !€rsu ln w6 mrolrrcred, Ihc 6drs @ givd in lable 4.4.12

arld shoM iD Fis 4.4.15. TlE v.l@ of Att' Dd ASo Qw catcldal€d Am inc sbpe ed
inleeept of ihis plot tud @ giver in arbtc 4.4.13. Thc positire vdue obtaine{t for dHo
indided @ edoth.di. $rpdon ptl)@. The erdorhmic erprion pllj.* @!ld be

d@ lo imrt& ir rh. Er. of dih.ion &d nobitiry of the pb(II) from ile qreml
boudary layer i o the irterMl po6 ofth€ erb€nl due to infcase b temp@le. The
positiE valu. oI AS. stlo*rd ttE atrlily of AOr snd COp for pbOD wb€a s rlE
negative v6lue of r'Gq BID$ thar sorptiotr pres is sDonlanou at rh€ siudied

Trble 41.12: V!.'r Hofl equ.tio! for .raiuaior of rbenodybrui. prnD€r.ft for
Ph([) lorptioE uins AOp dd COp

vT 0c)
coP

1.t95 .l0l r2.130 12.005

1.096 ' l0r t2.290 l2_053

3.001! toj I2,900 12.371

2.915 x 10j ll, 0 14.205
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I61)

12.0

8.0

4.0

.AOP
tcoP

0.0 r
0.003 0J031

Ifi0(")
0.0029 00032 0.0033

rg@ 4,J5! Pha .f h IG rc.|| r./T nr .fr.fn ot t nody.||nh D.Drdqr
for Pt(tr) ..rtd.r ubg AOp .!d C.Op (bitbt .o@.r.tN o{
Pt(U) !0 |lt oI,-ri pE 5J |[d 6,0i roii.lr.loF t2 ogi yolun. of
Pb([) rotuito! l0 hL]
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4,4.22.7. Tn€ .fiea of bt ra.riog iod on nrpdor b.h.vior or PbGD !in'g AOP

Md coP

llle.fie.l of sme iniaf.ring i@ Elcvsl ro Mle*l€. c& alkati dd.lt &E atI
n r.ls, Na', K', Mg" and Ca& or rtE sorpri@ ofp(U) .l oFi@m @nditoN @
studied in the d€e of 200-1400 !&'nl. Fsults & givm in table 4.4.14 and sho*! in
Fig. 4.4.16. It e! be *o! fioD tte fisN thli the etret of int€rfqins jois on the

srplion ofPb(il) oo AOP ed COP is @Sligibte. Td. valu.s on rh€ line sbow it Etqt
uplatc ofPb(u) qhcn thft h @ lddjlior of Ue i sfciils i@ Tfu % ur&trc of
?h(ll) is mt affsild by ptlsce of inrdfding ioB in both !u6.

Trbh 4414: Th. .ffet or irierfsin! iod or ofDiion of pb(tr) uirg AOp ud
coP

r,Yt ot irr..tdirg iou (!g)

9r.450

76.270 94,4X2

95.653

r00.00071.710

17.6JA t00.000
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12!t

80

800 t2r0
W. on hbrtrhg t6 tlB)

Figrr€ 4.4.16! The .ffecr ot itrr.rf€ring iofi ob lorprion of pb(U) uriry AOp .d
cOP (hid.t olcqrntio! ot pb(u) 50 !s ol-r; pH sJ d 6.0;
mo a.op.nturc, sorb.lr do.. 12 D& volu. of ph(tr) ehrio! l0

.1.4.22.& Perc.lt @overJ of pb(U) aft.r 6orDdor

De$Dlio or rhe rr.iled pb(U) tbD AOp ws bvesrisd.d 6ne.20,t of ditrc@r€'udrs irk Nacl I Lo MJ, Hct fl,o Mt. HNOr 0.o M,. NaOH (t.0lvo ed cHrooH
', 

u M/ $ruooc.t optiDq condi ons,Tlte Bulls e ejvo d tabte 4.4,15 ed shoh
in Fi9.44.t 7. ir ce be eq tom $c €ulls ,!rt trsjo; {@rylotr v.a &liev.d *ittNHOr ed rh@foE conqirsrio! oIHNOT ws lh€n liuth.r opllajzd. The rsutls .te
e@n b I.bte 4.4.16 erd sloh in Fig. 4,4.t8, t trs foud r,Et,*t.* *"*;;Pb(ll).ws a.hitvcd wirh r.5 M HNOr etuion. D6orptio or pb(tD Aoo cop B ds@icd out with diflaenr d€sorbedj bur no r@vcry v6 obseryer Th@foE, only AOp
war uet for alpliario! ofr.d 3.mptc_
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Trbl. 4.:1. | 5: The ellat of !.riou .|!.!r. aor d6orprio! of Pb(I) ttuo AOp

Dludr(1.0M)

qcl 61.51

HNOr 65.66

NqOH J4.8.1

cHrcooH 15.91

NaCl 9.98

h60
6
!40

HCI HlIq NaOH CHTCOOH NaCl

Dulitrg igetrl(1,014

fig!rc 4.4.17r It efret of v.riou .tu.!l! fo. dBorpdotr of pb(rr) frcD AOp
(Iniiid ooenr.dion of pb([) 50 |lg bl,-r; pII 6.q md
a.dp€ntrrci e]t.ra de t2 Eg; vol[@ ofph{tr) sotudor r0 DL)
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T.ble 4.4.16: T!! .f.ol of @!s.. lior of Bltor lor d@rDtb. or Pb(II) ttu
AOP

rigun 4.4.18: The .fer or co!..ntn{on of HNor for d.dorpfloo of pb(U) ,roD
AOP Clid.t otrsnr.do! or pD(U) 50 rg E!.it pH 6.0j rcon
..rFnt rq erto..i0a.12 oe volu& of pb(ID.ot.tion l0 rdt )

co.cetrtr.tio! of HNi (M)

l_0 65.60

1,5 T.7q

2.0 73.330

2.5 63.820

3.0 50.200

EO

6
!t !0

o20

Cdr.fiia dnnor 01
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4.4.21.9. Appli@tior of th. prcpoEd D.alod to rEl fiDprq

IrE pDpc€d Eethod {a applied lo th. r.dr5is of PtoD in tap waler. Stdddd dditid
mcrhod s ls€d fq rh. aulysis of Pb(U) i! l|p Mtd. Ir @ te s@ t6 0E r.blc

4,4,1? thla 100 Ftqt r€ovcry !r loE @c r.rio! w r.hieved indiclritrg Uc

suibbility ofAOP c . bi@ft.lt fo' pr..orfrb0rioo ofPbGD A@ .q|gN sde$

T.ble 4i.17: Rmovtl otPbol) ftur r.t r rDptc. uilg l.5 M ENO,

Pb(tr) rdd€d
Pb(u) @.b.d (rlg) Pb(n) foud (rg)

Pbqr)

0.000

100 100 0.000 100.000

300 3m 0.000 t00.000

500 500 0.m0 t00.000
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Prrt C: Itrvesti9tion of r&orprioo b.hrvior of Cd(tr) [sirg choric.lty
areeted friduft (CmD)

4.5. Lerults rrd dbcusious

4.5.1, Chrncierialior or cbeoiq[] tr.raed !.wdur (CTSD)

ScMing eleclron micospy. €D.rS, dkF6iv€ i-Bys ard Fouia lrBfom iD.torc<t

wcc us.d fo. ch@t riz.lion of thc cldic.Iy Dt €i.d snd rrBrcd ewdLr. nE
culrs of the tebdqB e di$Bsscd @ticr.

452. Sorpiion irdi6 ofcdoD on!! doioly r,aa.d s,.lut

4,5.2.l,PreliDio&'adloryriorqporin.nt!

A kno*! w.ight of Mhed (disrilLd walet ed dried ewdusl w4 kken in Erlemeyer
fl6ks (250 nL) &d !dd.d to n a boM corcarraion of Cd([) solulion. Ihc coot or of
dE nql! wft kepl for 30 nin ar mo t EpeFhe for @npl€I€ cquilibrodo!, ,nF

biosorbc % filr.€d and rhe filr.tcs eEr€ fiusfftd inlo 100 mL volumeFic fl6ks
and diluLd lpio marL Thc 6!6trado6 of un deibed Cd(rD w damined uins
e&mic abre4iotr sparrophohce.. lbc nsults stoeed Cood Fl@r up|ltc ard
.ns@ thc !s. ofsvdust as a prenhitr8 bioso$.ar for Cd{D Aom aq@s soluriN.

4.5.2,2. ODtioiariob srudiB

Anq prcliEinary ddsr?iion eludi.s it q!.s

aqueo$ $lulior sira chmicdiy ir..t d
pdMclc6 lik pH, oaraor dft &d initid

@Dfimed tbal C(ID @ b. movcd frcm

$*dust lor |4inM aGorptioni wios
n Ld @d!!ti6 s@ oprioiad &d @

:l.5JJ.l. TIG .rat ofpE o! &]Dtion of C.t(It) orilg CISrt

In thc lolpiion pD6ses oflcevy ncrlk pH is e impo.l&t ontrouing pam€rr. Ior
naximw upr.ke ot Cd([) on chmicalty h&bd sawdust (CTSD), pH ws vdied fton j
lo 7. Ih. eulll @ giEn in rlbl€ 4,5.1 md shown i! Fig. 4.5,1_ It €& b€ s€n fom i\c
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figw lild binding of C(II) i5 shongl/ lH dep€ndat qd ruimM soatio' (58.50,/t

of Cd(lD wa oboincd.t pfl 6.0. TL op.iL ofcdoD ws loa i! &idic pB b..!e
th. surfa.. besc pretooLd itr eidic pH wticn binda.d rhe soflio p(t)es d@ to

clslrc(.rio epdsioL witb ittqE$ in pH t ly&uiu ion con enrrliq <LcEEd

ed the actiw litd on rh. CTSD b€.anc diswialEd ed .x.hdg€d wih C(U) in

solulio!. 'Itercfore pH 6 rrs $ldt d $ .r optinu pH !o .BW thar th.F is rc

Pleipitalion ofcd(ll) !s hydrcxid..

T$l..l5.r: T[. .lTet of pII d sorp.lo! d Cd(tr) wils CTSD

PH % uDark ofcd(tr)

3 20.@0

4t.0.t0

5 53.000

6 58.500

7 3t.260
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40

20

0

4
(,)

Fignrc 4.5.1: Th. .f,ra of pE o! &rptid of CdoI) uilg CrSD (sort dr d6. 0.1 gi
votuD€ of cd(I) rortrtior 20 nr,i cont cl tine 30 Ditri cobcerr.rtion
of Cd(ID s Fg rL t)

4.52.2.2. The elt ct of corhd tio€ or !o.paio! of Cd(II) qirS CTSD

I. order ro find out oprimM conracl tine, the soprioa of Cd(II) b clri€d out on
CTSD or pH 6 *i1h arld wirholt shakiry Th. Brtrs @ giva in rable 4,5.2 snd ,hom
in Fi& 4.5.2. Ir @ b. sd ild ihc $rption of Cd(tD irc@s€d wirh rime ed rcached io
a @nslant val@ at 50 nin withoul shatiq ed al 30 nio with shaling The rine requtud
ro E&h at rhc slale of equitibriu w rcmcd equitiblrtion rift &d rbe a@br of
Cd(U) slb.d at equilib.ation riD. slDved ihe isimun sryiion cap&ity of sorbot
under ths ip€cific condidoE. Thc inc@r.d $ption in rhe flsi I O min s d@ b lhc
.vailabiliry of sil6 on fi. CTSD surf&e b *irh ilF incr*e in rime 0re sires c.i
o@upied md rhe so4'tior beme independ€nr oftiD..
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l.bL 4.5r! Tb..Eet of o.t ct aine d ro.ptior ofcd(tr) uilg CTSD

% upr.L€ ofcdgD

t0 24.4@ 56.3t0

20 42.400 75.060

l0 4.530 15.7W

40 46.E@ 75460

50 47.860 74.460

60 47.ffi 742W

t00

80

60

40

20

0
20 40 60

Equilihr.dm line (Ei!)

-'.- Wiltol stditrS --r- Wift shlkin8

Fig!rc 4.5.2r T[. .ret ol cola.d tiE. o.
do.c 0,1 $ yol@. of Cd(tr)

cd([) 5 tlg bU!)

lorplio. of Cd([) urhg CTSD (elb€rr
i.|[tio! 20 DL plr C .olsrnlio! of

l6l



4Jr.2J. Sorytion iro.[.in' of Cd([) ui'g crsD

ftc $atim cquilibriu dala of n!. cd0t) o cTsD ww edrzd EinS L4gbun ed
Fesdich i$thm nodels.

A linar plor of specific $ption of CdoD (CJq.) on CTSD asainsl rh€ eqlilibrim
@n@niration (C., Fg DL ') M obirjtud. Th. Esults @ civ@ in labtc 4.5.3 md shom
io Fig, 4.5,3. The @osrant eo ed (L \@ deimiled Aoh tbe slopc dd inimept of rhe

tingnuir isolhem dd e giv@ ir rdblc 4.5,5. nie hjeh valE of Egesiotr @efrcient
Gl indior.s $al cd0D sbcd by CTSD fom moml.yd o! uE su.re !t @m
t mPdluF, Ilc Domlayd qFcily *s .dculdrd aflt foqrd to b. 40j_71 Dg gr.

IE lEDdlich ierhem w conituEi.d by ptotti.g of + .gaiBr cqdibnu
coneir'ation (c.). I1E 6ul!s @ giv.! in t bl€ 4.5.4 etl shoM in lig. 4.5.4. nE
@Nl4ts pam€ieB oftt€ lrcurdtich nod.t w€E sbo catcutated fton rhe stop€ &d
ilt rcept of iho linee fom of this model. rhdc valw @ giv@ in bbt.4_5.5_ .nr€

equilbnun pe*s of Cd(rD on CTSD wrc qplaiaed by the knsnui. i$them.
tb.rcfoE only rh. blenun isitm mo.tcl @ b. Dsed b desib. the soDrid
bchavio! or CdOl) on CTSD.

Trble 41.3r L.ngEuir iloth€r for sorytioo of Cd([) Ning CTSD

rdti.l con.oortioo (Ci)

(rc nL ')
EquilibriuE comerb.riob

(c.) (r{ nL')
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4.0

3.0

$,0
1.0

0.0

0.0 0,5 1.0

Euilihium conceotntioD (l|g ml.r)

I.lgtrrc 4.5.3. LtDgElir isottem for orptio! of Cd(II) utug crSL (lorbent dor.
0.r $ vol{D. of CdoI) Dlldo. 20 oLt tnftirt Cd0I) @!@inlio!
35-130 !g nL ti pB 6; cola.cr aidc 60 nir)

T.bL 45.4: Fr!..llich itoo.6 ror mrpflor ot Cd(U) urbs crlD

(cr) 04 bL )
Eqnilibriun comeDlnd;

(cJ (|lc DL') (Dss.')

0,00E l19.l3.l

45

@

0.102 r69.800

0.221 2t7.61

90 0,464 lt3.5Jl

t30 1.2E0 l9l,73l

I6l



0.50

B 0.40

x 0.30
:\

: o.to

0.00
0.0 0.4

EfdliMln coocentration 0g mln)
0.E 1.2

rigur:1.s.4: F..udthb isrhqb tor lorprior ot Cd(rD udrg CTSD (!orben. doi.
0.r & voluu. of Cd(tr) lotqlior at ol,i hitirt Cd(I) cofteltntto!
3tl!0,rga!_ri pII6; qrt .a tiE.6|) dD

T.ble 4J.5: Lugnni. r.d Ircubdticb i.otnere co!.b 3 for .orprio! o, CdOI) o!
CTSD

KL tLs')
a(!'8c) 401.730
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4.511.4, Ki!.ti.! ofk.ptio! ofCd(lI) urhg CTSD

To study lhc tinelics of 0F sorplion of Cd([) on CTSD,tne d.o w€& Itted in to fou
nosl @mon mo.leb $ disussd dlid. A plot of log (q.{, rcfslj O rs @nsl.l&rd
for leudo-fi61-ordd_ Thc 6dts ae db in tdte 4.5.6 &d sboh ir Fig. 4.5.5. The
lalE ofrh. $(Piion 6L @!r&t ofp$udo 6Er{dq (K,) for CdCD so.prior by grSD
*4d€t€mir.d8bErt dopeof&i!plor.ndi5Si@inr!bt.4.5.10.

Sinilsly, for cdcularing the !dll$ of q. sd Ie a dot or vq v6!s time (t) s6
@lsliuclcd.Thcresulrregiyointablc4.5.Tandsl(MioFig.4.5.5..IlEvaiEsofq"

ed Kt wE dcr.nnined &!n rhc ilcrc?t ed slope of lhis llot and,e giv@ in raue
4.5.10, T|.| pscudcsondsrld Dodcl b.th. Epcated 0D $rpdor tdnetie &d
sroB rhrl 0'. ov.nit RG ofcd(tr) !o.pr,6 lEs tuy be dE ro ch.hi.d so.Dtid.

Trble 45'6: Pr€qdo-liBloxter bneiic! of Cd(U) lorprioo whg CTSD

Ls (q. - sd
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9

t2

0.E

0.4

0

4A

{.8

t0 20 40

nm (Bitr)

rigqE 455: P*!.t!0-fnr{rdd Lbdi.. of Cd([] &ipio! urhs CTSD (rorb.dr
do!. 0.1 !i vdec of Citot) mhaion 20 DL; pH 6; .o!Mb.tio! of
Cd(lI) 5 ps or,.,)

Lbl.,l57: P..udc..@!d{tdeEmd€ orcd(tr) orDoo! !j.g crSD

,qr (Di! s DE')
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4.0

a3.0

0.0

IO 20 30

IIl!€ (ditr)
40 50

Fisurc 4.5.6: pseudo+€@ld_oxld 
tbelics of Cd(U) !o4tio. uing CTSD Go.bedo* o,le; volla. of CdgI) sotorior 20 nL; pE 6; .o!.dtndo! of

Cd(I) 5lle L.,)

rrxcted od the 6ults !E givm in table 4.j.8 qd shos!tI Fig. 4.5.7. tle vatuc ofxr (Ds s'r Fra) ro etcdarea |i!n stoF of rhis plor and isgrv@ n hble 4_j. 10. If inhpardcl€ .lifr$ion is involved h rhe &rplioD proes ihq 0Fplot of q asaitur sque @r of {n (da) 3nouh b. ti!{ and pts 6Fush rlc origi!. rrou Ie th. line is no1 l6sile tftush rh. qiSir which inod6 tnd soh. otner kin ricpbe$* js @nrroling tie 6@ of $rptjon dd dl my be wo,tog s@utlar@Bly.

nte Elovich cenici.nrr n@ catcutared frcm ir\e lin6 ptor or q, !t6us ln r rE resllr!arc gsen n rable 4.5.9 &d shom i! Ii& 4_5,8. It eE obsry.d rEr th. dara obbiredI@ qFd@nrs fir|.d vyel to rh€ pcsrdGs€.dd{rdd t;n
or Rr eric Eodelwirh i rietr vdG
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T$L as"E: Ir.FFrtLt diftrlot rd.l ofcd0l) nrDtio! uitr! CISD

SorD.i.! ql.dt.l tn (t) q.(Dl i)

1.t62 5.116

4.472 10,600

5.417 ll.ll.l

6.J24 .700

t6.0

tLo

8.0

4.0

0.0

2 4 6
trn(mir)

FisuE ,Ls.7: Ioinprrli.L diffq.io! nod.t or cd(ID eryrto! uirg CTSD (@rh.!r
iioe 0.1 gi rolu. oa cd{D &htid 20 DLi pE 6; @.qindon ot
Cd([) s w oL-')

l6E



Trbl. 4.5.9: Eloyict aodd of Cd(tr) rorptlo! uilr CTSD

lEr (Di!) Sorpdor crpr.ity d atnc (0 e (og g)
2.1U2 6.u6

2.995 10.600

r.401 ll.t3l

r.66E I1.700

16.0

t2.0

E.0

4.0

0.0

2! 3.0
b t (triD)

4.0

Fisurc 4J.E: Elovicb nod.t ot Cd(tr) $rpfd ubt CTSD (.ort6t doF 0.tgi
wl|@ ot Cd(tr) st.alor 2e d,j pH 5i .o.6r$d ot Cd(U) 5 |tg
uL")
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Irble 4.5,l0: Kildic p.ru.re6 ot Cd{lI) d.pd@ o! CISD

P.cudcfdt o.d.r Li!.ri! q. (mc 8 ') (exp)

*(n8s) t).240

0.9680
Pt.udo.re@.d order tdm.i;

c. (os s-') 16.190

0.9E87
Llhp.rricb difl uio! dod;

0.E180

P(cne')

0.9020

4sr.2l.'Tt. .ff.ct ot i.tc.f..ing io., o. O. .orDrio! b.tr.vior of Cd(r) urirsclsD

ttE eti€.lofsome inrerfcling iom rcleva to wblcrdcr e.g. a.lkali.nd alkalire e&dr

lTrs. 11. 
K1 Md' ald c!,'r on rhe $rpdoD of cdn) dr oprmm @ndido6 b

"uuq- u !r @se of 60_1000 rC, fte Esd!, G 8jq in lllte 4,j.t I {rd thoM inrr8. {.).y. ir cq b. sen Eob rh. fuk rtr rh. cfrd of j!&,f.mg io6 q tt. srDtioD
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of Cd(U) oo cTsD is reslisiblc. Tne lrloc on lirc stos rhe yo uu.re of Cd(ID wi6out
the prcFnt oflhcs interf€dng ios.

Table ,l.5.lr: Tb€ ctloct of int€.fe.iaS io!! (Nr', IC, Mgtl, Crt) on soarior of
cd(tr) uilg CISD

^80

{40

20

2W 40 6m 8d)
Wr of inred.riq to{, (!rg)

rq)o 1200

Fkuft 4.5.9r TL .Itet or ilterferbg ioN (M., Ic, Irg], C.r) o! sorpliotr of
cdOD uirg CTSD (.!rbor dde 0.t g; mtubcorCd0t)loturio,

W.ishl of iotdr.riog iou (rgl % lptrke ofcd(Il)
75.145

60 75.0t9

80 75.001

100 75.24J

200

400

600

ioo-

rooo

7s.7E0

76.2t4

7fr670

11Ei
1i.130

l7l



20 ol.i pfl 6i tbrkiq fd.30 nili concenfiilotr ofcd0l) 25 Fg

rL")

4.5.2.2.5. Perc€ol re@v.ry of Cd0I) dbr m.plion

D€srrtion of the rcLincd Cd(II) liom C'ISD w3 irvetisat d using 20 nL of differ.nt

€twnrs tite Nacl (1o M), Hct (1.0 M), HN(\ (1.0 M) rd H:Soi $luri@ at optiom

@ndilioN. Th. 6dB ar€ siven io lable 4.5.12 ed shoM in Fig.4.5.10. It ce b€ sem

ton the culls thil 
'wiDW 

desor ion B ..Ncv.d *ilh tlcl ed ttddoe

@@drano! of Hcl wN rhen 6dhq optini4d. The Esult! @ giv.n in tabl€ 4.4.13 &d

shoM itr Fis 4.5-l L lr M fobd {d l@idub |@wy (85.79ry.) of Cd(ID rc
obtained with 1.5 M HCI sl'nion.

Ttbl. {,5.r2: Corpr]tlo! ofdlll|Fnl .l@.r for .lgorpdor ofCd(tr} tnn CISD

Eh.ir8 rs@r (1.0 rvt

NaCl 19_130

HCI 82.960

HNOI 69.19n

ESO. q2lo

t12



I00

80

960
n
:40

20

NaCl HCr HNq
Dulios rs. (1.0 M)

HrSOr

Fisurc a.s.l0r coDp.do! of ditrd.a .hdG for
(ro.t.trr d@ 0.I & votu. of
orcdtnaion of Cd0I) 25 FC ELr;

Trbl. 4.513: Co6p!ri!o! of difierclr @r@anito!.
cd(rD froD CTSD

d6orplior ofcd(U) rroD CTSD

cd(ll) $hdo! 20 Dl; pB 6;

voluo. or elue.r 20 nL)

of [ICI fo. d€lorptio. o(

Com@rntio. orHct (M)

78.850

85.790

8l880

84..]70

\13



88

84i
282

s
78

76

2,Q

rfl o0

Iigurc 4.5.11: Coop.risor of difi.re codcerrndou or HCt for dsorptior of
cd0D fmn CTSD Gorbdi dN. 0.t $ voruD. or cd(tD soturio! 20
bL; pE 6i on@rtnrioo of cd(ID 2s llg err; volune ot qcr 20
nL)

5.4.2,2.9. Apptio.ior of rhc prcpc.d D.nod io rot {rpr6
thc prcpoFd helhod wa appli€.Iro $c @atrsi! of Cd0t) in &p v.ter od rivd qatEr
slDpl6..Steid!'d addiri@ Dettod E us.d for rhe ar8tysis of Cd(I) in wal.r enpi6.
Thc enlb @ siv€a in bbt.4,5.3.Ir ws obsned d.t ln€ Eovcrics ofqdmiu Aon
Eal suples werc in rhe tugo of86.9j-109.66%o. Thcse 6uts show that lh€ CTSD b asuiable biosdenr for elid phs* d\trd.iion tud det€di@lion of Cd(tr) in



Trbl. 4,5,14: Dct.rduaiotr ot Cd(U) b n6* rDDhs

cd(u).ddd 0lg) cd0l) fold t[g)

97.560 ! 5_m

234,1JO t 2_25 95.130

Rlv.r !.d.h.ir., p6br&

10.100+3.04

86.930 * 2.95

278.460411,00 89.E20

107,9504 t5.5iri

329.930* I t.39
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CONCLUSIONS

cod!6E1ie studi6 for srptio. of Niol) in bd.h ed @lllm nethodr s@ @nd@t d 6ing

co@mid $rbents dbslite, silica gd dd indigetus malqi.l, hdbenv w@d $sdnn

ODdnm @.dilio6 sEh d $lulion pH, @nt!.t li@, itrnid rct l @!@lrarios wrc

inv€sligat€d. Thc sorplion of Ni(lI) @ foud !o be slriclly pH deFrdot md tuinm
$pion (98%) E &hiclrd at pH 3 fo. the thd natri.lt Ftudlich &d t$snuir ieibm
nodcls wd€ uscd for thc FpFs.ntaion of.quilikiM dsi! The Lagmu nodel w shoM to

bd ft iM equilibnh d.o with bieb @ftltlid Gfficid tR? > 09tr lor dllhe tllrenals

The ndinm l@ding capacities (Q, ofsilicg eel, mbe it edewdtrnwrcfowd10bc333,

25.19 dd 33.6? Dg gr dspelirclr, Fou srption rinedc nodels: Ps.udo-I161-, pendo-s@nd'

order, if,traDonicl€ ditnBion ed Elovich mod€l wcc ued lo maly2€ tbe kirclic &ta h M
ob6.flcd inat 0F $rption kinetic dal! fttcd wll ilto the peurlcs@nd{da_ldrctic nodel (R']

> 0.9?) for all rhF naLdals. Frem th€ Esull! n ws conclud€d thlt the indi8tu6 matdial is

ohplEble with rhe qF6ivc com@iat nar.drls for the moval of Ni(U) tom a4@us

elulion and h.nc. suld b. Nld for d..ontasilation. nE I@v€ry rnldy idical€s lhat Ni0l)

ould be onplctely eoverd fbn indigdos nulberry wood swdut ald thercfoc it @dd

als b. ued for peoncentztio! of Ni(ll) in r&c d€rmi@tion.

Saqdust of th. D'nberry wmd w @nvdred inro ca$on 6ing indigdosly d*ign d gl&$

Erc1or'IrE sorFior.bility of lhe denv.d @bon w.nlun@d by clEmicil hetnc.t {ith
NaOH. HCI dd H:SO. ft. NaoH-&rir.rd s.*dun @b@ shoeld the b6r 6ut'
chqically t@r€d sawdusr ca.bor (CSDC) &d uftlred swdut cebon (SDC) wrc
ch@tdizd Bing FTI& eming el4rron nicospy dd d.r&, dilFsiv. x-Fy. lle
surface ae of tne CSDC &d sDc F@ delemin d usinS surfM ea sd poE sik eslydr.
Mdimm % lplrte of Ni([) (86.50 %) I &hidcd ar pH 7.0 and €quilibntjo. for ?0 Di!.
'fte b6tch erption d.1! q@ aulred by FEudich ard L6g6uir models &d db*!d b61fil
i o Lsgmun model. Th€ $rprion &r, ftE de @ftlat d *ith rinetic models likc psudo-

fist. pseudo{@nd order, i.t aparticL difiBion dd Elovi€h. Il wN fowd ihar rhc &la
fouowcd p*udo.s@nd{da kinetic bodel with high rcgFsion ccficidl (Rt > 0.99). ln thc

d€erptm pDcees, pclht @ove.y ofNioD ton CSDC @ low lheFfoE ir 6uld b. us.d

only for the rioval of Ni(lD ion aq@N elurioN.
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Thc rctuvdl ofNi(U) froo aq@u sotulios m dso inv'slicat'd uing *6tc t'n lcles an€r

*$hing vith fomtldehyde (0.4vo). nrc etrcci of uious plm't€ls like crdp€ittur' pH'

@nra.t ald shaking limc, dbenl do* ed idttl nctal @m'n@tion on sorption ofNi(ll) uing

wdte tea l€av€s seE studied in batch flpeinenls Th. equilibrim data w@ nft€d inio

FFddlichedtssnuirmod.l.nd sho*td$!rlh.dal!follov'dLognunmodel MainM

srprron epa.rty of the *€sie ta le.va for Niol) ws.vttuald ad lhe r'gErir isoil@

md w6 foud io be l2o5o m8 gr' Kin€tic d!t! wt iesl€d sing th€ pseudo-fiut{rd"'

peudcs@nd{riLr, intdpanicle diftEion ad Elovich 
'quation 

The kinctics ofthc erPtion

pr{Bs ws lound to louow 'i. P*udes@nd.ds riftric nodel 
'su88'$i4 

lhn tltc FDdon

plws ts onlrolled by chcnisorylim 'nt Plot of innlpdnicle diflision modd wd not

p4sing rhreuei the ongrn lnich indicdd fial mF Ud om FlBs 3f@t lh' erptior

ph.noneion. Themodyndic patu tes srch s standird enlropv, Ir€e ener!/ dd mthtlpy

indicale rhai th€ sorptiotr ofNi(ll) on vsste td l€a!6 is a sponranou ed exolh@ic Prcc€ss

'Ilt Fnltt lhowd thrl mrc ta lqv* balc th. lotcdrsl to b' u$d d ! lo* cod erb' for

the rcmo$l ofNi([) Aom aqu.ou soluiion

a compadive sotpron snrd) of ihe Phlt) ws @ndud€d 6ing &id modined otege pecls

{aOP) &d @bonizt<t o@lge Pcls (COP) in batch nodca Th' e!9don of Pb(ll) on Ao? a'd

coP *6 found to be $ric v pn d.Padal .nd tAinu u9iire (10096) B ehiev'd at pH

6.0 !!d 5.5 Esp.divelv nE cauilibnM dlta or?b(lD *@ ntted inb lrcudlich dd Lilgnuif

nod.ls md 6 foud firr lhe dal! foltowd bo$ Dodck Morclav'r uption capelis or

AoP ed COP u!rc c.lcular€d usine Lsemuir ilolhem ond *€rc fodd lo b€ 1040 ed 993' I I

ng gr lor Pb Il 
' 
Bpernelv Fou coMon tinedc modets: p*udo_frBr' p*udo_snd- ord'r'

inra!.nicl. diftBor ald Elovich *w 8.d ro &'lv& rhe kinetic dara O! omp6m'rl

ps.udqs..ond_or.ler nodel ws foud to best tiit€d into kin€ic data than oth4 nod'ls

Th.modyntmic p@.ieN AG". AH' 4<l AS' wF cabdalcd uing vd\ Hofr eqution

which in(licd6 rld ?b{U) $lption on AOP and COP is sponttn'ou ed endolbdj' Focs'

fte ilterfcm@s €fl{t of sLded catioE (Na', K', Ca! ald Mg:') on the soDtion bchavior of

Pb(U) 6ing Ao? ard COP wrc sMicd.nd @ id'rfeffG cfrat of lhe studied caliN on

slDnon of PU[) s foud. Veo6 .lenrs for @olerv of Pb(tD anq $rption 94 w'l @d

dong th@ HNOr (1 5 M) w fomd to bG lhe bc6l elenl ror F@verv of ?b(ll) Th' @vc'v

sndy idical6 $at Pb(lD @dd be @nPlctclv tsvq'd fiom AOP tld ih'Ef@ I @dd be
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uscd fd F@nc.lB.lion of Pb(ll) in tre€ detctl nttior *ni. COP M not Ee€ncd.d 8trd

h.M @ be !s.d ody for rhe rldowl ofPb(lD Aom !q@6 $lulioB.

Sawdusi oflhe mulb.ny q@d, an€t chdic.l rrelhn.nt witb hy.lrehlodc eid (1.0 M) (CTSD)

wB ls€d fd tlE Eoovsl of C(ll) frcm !q@s elution in b.rch sy3r.6 ltc $Ptio! of

CdCD B6 found lo b. !H deFdol .rd l@inM $rptior *E &hid.d at pH 6 *itl 30 ni!
shaking. 

-fte er?iion data wer. e.ltzed cing FFundlicb od LdgDrn i$dms 'nt

cquilibriM dab liitad best in ih. LsngDui. ieth.d trd @!fm.d the nMolavd srDtion of

CdoD otr CTSD witt\ $rFiotr c5p@rty of403.?l hg &'. r*ldcfilst{dd, p6.udcso!d-

otdd. intiaD6nicl. dimaiotr.nd Elovich bodels wr! u.ed to aMlyzc th. liiftlic dtlt The drra

sho* thal Ds.ldes@nd{dei nodcl (Rz = 0.9EE7) M ite best choie dong thc ki@lic

modets for ddciiltion of $ryt'on of c(tr) on CTSD. The intdfcFn4s etr c$ of 3.le1ed

catioB (r,la', K', Mgl ed Cal oi tu $Ation b.hlvior of cd(l[) silg the cTsD *3 ndi€d

ad wft fou.d io h.!E m cfr6r on sation ofcd(u) on CTSD- A wictv ofdeelbstts wE
us.d for ihe €colcry of Cd(ll) fiom load€d CTSD ud twjmm d@lptior of Cd(ll) m
schieved with 1.5 M tlcl $lttion. Fom the $ulb of srttion procets of cd(u), il nav be

colclud€d tbrt mulb€lry w@d saqdust it lhe b€st rttqn live to th. erp.aive tDrqiab like ion

dchdge 6i$ ltd eliva&d..!ton fdthcE !rD. ofeder ard ws$,r.*!t r dtaidng 6eGl
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