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ABSTRACT

r-ov .o3r lsricurruml ftsrc nat.rirr (c/,&bs-Cc) ..d ran sbr ns \|o.n ea tovnio

tolctloto-PT Patlh cortl,ro-Pl. n orltd thi!!Ltb.L4. Satvtudn ,laoJd;O) ,nd mrml

'boncs w.rc urilizcd lor (hc prcparuridr of adivoLd o0rbon. jndusid spcnr corbor srs llso

clcndrcd, Th. cnbm.6rnpl.s wc .criv.r.d .hcnielly Dd by rhm{ M s (aOO.lOOOoC).

Th. smphr r.rc ch.Gddizd by pt. mi.b6 @G't, Fh cdtot, bult d..siry, sora.c.:Ea

(BET, DR, BJtl, |.lngmir) ,irh p.rc Etum, FnR, XRD, SEM rd EDS, Thc BET (n's')

$ !e irc! a idrsis or (hc ca6on er"I'lcs lcr iht d at 8OO 
qc shorKd rhlr SO h.s gE .sr .urrie

aro of 587 mrg . The suric. rE! of orhcr c.rbon slmptcs .diwrcd !r 3OO 
.C 

'va3 
round in rh.

sequ.ncc 418 for SO > 412 ror CC > lt8.2t for tC > 387 for AA > 219 to! PT > r 40.21 for ABC.

DR mcrhod wls $cd tor rhc det miturion of micrcpoE volune (cmr.gr) usins Nowwtn2

compurcr sonMrc. For rhc 300 "c acrivlrd cfibd mnDls rh. poE volunc w6 in rh. scqu.ncc:

o:21 fo. rc > 0.220 tor so, RG > o.2l for cc > o.2o for AA o.l l for pr > o.I oo.for ABc- FTrR

.antlFis 
shoEd ihar ttu 6rhon sunre c.ricd rhc orygm cdhinins fmclioml groups, vhich

dh.pp.lrcd ol hrgh activario. t mFliucs. T1. XRD .nilysjs using ORIGIN-So cmplb
saflMrc showcd lhlr ca.ton, hydoEcn, nirrcg.n, oxygcn, bomn, chbniun, nuorin , nitbgan and

molybdcDuff lvdc |)fcscnr in rhc orbon en\rt.s.1ho lDS ilysis strmd htrh cnrbon conrors

jn rhc sanllc oetiv .d ar hish rempcEruc oi coBpdr.d ro Rlw and 4OO oc idiv cd & rl.s whilc

rh. conrcnG of oxyBcn srs aolnd ro d4frr& *ft rh. inc'lc in rc{ihlion rcorrnrurc. orh.r

crcmcnrs likc solt!., D.rrsium, chldnc, siliq id, msn*iu4 coppcr, phosphoru3, s.drum,

6hiun, lluminum and noly6ddun w. lolnd in hc. l@urs. Th. Ftc of.dsprion ofdte

on rh. carbon enpl.s vrs nish in lh. iniri&l fincd sconds and $a dctin.d du. ro irs ditrusion

'n 
ro rhc m(roplas, trcm rhe fid o-d.r kincns ih. Br. consLnF wer. del;nincd which w.E

found ro bc high it high tcmp€ntuEs ofadloDrion himDl. acriv{ion. Th.ligh rdivirion dergy

. of rhc dyc ldsoQlion on Ih. Raw and 400 'C &tihrd crbon smpl6 *s duc ro thc pEtrcc of

Flf iDdiodl gbuF it rh. poE op.nings ttll bldlcd {ic 6hM ol $. dtc tuteulG, lhu

niing lhc o.rsy bmi&. N.sitiyc v.llcs ol.nhpy or.crivarion (^s1 or rh. dycs ld$rDrio



clccGd $c amniry of th. d$ holcoul.! iourd! th. dlbd 3urlocc ehich w.rc found t)

dcorcos wiln thc incm$. in ldeDlion tcn!.6tw. Thc dyc ml@L! $ur h.rc ocquiEd . mre

3tabk shncd pornid on thc aulfs * hish t.dD. d of .dbotio snplc .ctirotio. Tl.

lind plot' of B.rglEm sd inirFnicb difu.ion nFdclt showrl ti.l lhc dqptid oady. d lhc

@bd !urf.c. i! ! dilfuio. contrclLd pl!*, Th! l@ndli.h, lrngmn.nd Dr nFd.L w
usd to €timt. rlE rdorptid p6m&6, Th. b6t iir ol th. iDrh.d.' f@nd tbF d'. .ftl.tion

cmciol. (4 Ec in tbc squ.@: DR > l,nsnuir > FEudlich, Di$ritDlaon ccmci.nt, oatlE

dts o $. orf@ olerbon .cliqlcd .t diltnt tonFnnc mE ldnd to bc in lhc Eqmc

D.d'c > D.n'c> D. o'c> D.o'c > D. c'c > D. b. ltr. irdutin Er. rer w rELd by

6lum lrlolplid, ThoN rbd.l ru u.d !o.!€iE rlE tddDrio oFcaty (mr C) of |h. ott r
rmd6 fa $. dF .nd rl,o fo. Ni'r, Cu'I td ar{ rd&Dridr nu! dE ildrdi.l Er. nt ..
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I.INTRODUCTION

' lm crist incrcsing dcm.nds fo. dE lv.ildbihy ol r&odcnlr rh.r rrc .osl

clr.crivD unJ crficicnr rcDEvcr ol M(q @nlaminanb, Dsoilc significlnl cclEh in lhc

prcdudion ofrdir.l.d ca.bon for d}! aderption, (h.8 pavails a d@ loowlclgc 8.p .bo!t

rhc dycs n.qu@us solutbn snd meh&r.mot udr rdsorption on.ctiv.l.d c&bor'. Thcrc

i! also inad.qlarc undcFlandins of thc nl. of dy! slructua and rhc phtsical lnd chhicll

cl@clcristias of etiv.lc.i c.rbon in thc .d$rption, wilh thc grcwlh or induslrillialio. dd

uftdiation, ftc ttc.lncn of rhc bulk wanc w|t.r is ! chluogc. Paldstln hG lgticultunl

bsqd @nomy lnd tdtilc, lerhq .nd rminS indlrtle ae ils bek bonc. DtG wh.n

Fcsdt dcn i vc.y sMllqumtiriB (< lppm) in rhc w.l( bodiB m*c it uNccpttblc tor

usc ?. Dy€ (Triphcnylmcft.nc and @) @ m!68cnic hd carcinoS.nic and c$ cle scv6

ddog? to hlmMs ouing by dlsfunction of kidncys, rcPoductiv. syslqm, livcr, bain and

c6(El ndous !,stcd, DyB dc rd.lciLlrl or8eic holetle rhd e cistut to &obic

diS6rion hd aE n.blc lo lighl, het.nd oridizing agdc r!.

Allhough adso|bcnG .E trsd ablndrnlly thtouSlDll lle Nrlcr

rrcarmcnr induskica. Tlrc us or& vatcd cadon rcmln8 cxDotivc P@s- M6l otlhc

comnErcill:ys|cDs cum ly u* .ctiv cd ca6on c ldiorbcnt lo rcnovc dys aod thc

wir$cwarcr b€&sc ol ns cxccllc dsrpdon tbiliry'rr. Acliv.tcrl cathon odstttion i6

bq .ilcd by U.3. cnvionncnlal pot€{on !8cicy (EPA) c oft ol rhc b6t av.il.blc

Ovc. lhc rccnl yccs $ca hs ban a @nsid@bl. *Nh on th. low @.1

alrdlriv. h.rdisls for lh. prcdudior of.ctivltcd ca$on -aStcull!61 wsl.5!ch a wl.

wood, @nut shcll, spri@t slon6. @m@b!, bamboo, pluh kcmcls clc wcE !t!d aor ftis

plrposc rr'!. Agricullunt wdlc qood m.lqi.l. and dimd boncs wast. !rc chc.Ptv and



widely available in P.kislan. Conv.niog

iG nsc fo! lhe dc@nlaniimrion olwa(er

2

lh6e mal€rials inlo valuc added predEt and sludy

bodics is m inlcrcs$ng arc.10 be €xploEd in rhis

various wdlewaler tEalncnl rdcbnologi* which arc basd on rhe process* of

coagulatiob, nocculation, biodcgradrionr adsorption! membrare s€pamlions, ion-exchangc,

oxidation, oxidation, selective bio-aGorbcDts and biomass lre i. use rtrl. All of then have

advanlages and dmwbacks. Beclusc ol tl& high cost aud dieosal poblems, mony oflh€

cohvcntional ncrhods for lrcalins dyc wrstwai4 hav. nor bcen applied !t larse $ale iD rhe

tcx tilc ed prp$ ind uski6. Thcrc is no singlc proc*s c rpablc of adequab tr€elhcnr, nr in ly

due b de conpl.x .aturc of thc .mucn8 " 
16, In practicc, a conbination of difieEnt

p@N6 is oft€n uscd to &hicvc lhc d6iEd watcr qulilt. R6€mb h6 b4n conrinuously

@nduclcd ir rhc .rc* oa using diflcrc mcrhodr ol r@rment in odq ro inpovc thc

biodcsrid ior ofdycstufls ind ninimir, thc sludgc Dodlciion ", Anons $c nctnods uscd,

aderplion is a wcll knoM cqlilibriun scpetion p@* thd elfetiv€ly d@ntaminatG

w.tc. rr. Adsorption his b€eD found ro bc sup€rior to othd rchniqus for vrrcr Ensc in

lcm$ ofinilial cosl, flcxibility rid siryliqity oidcaign, crsc ofopcotion and irrscnsiivity lo

loxic pollutans and also ir Gull in thc fodation of hamful slbstanc*.

AnrotrBsr all rlE aderbcnt nutqlidls pbpolcd, .criv.tcd carbon is lbc nosl populd

for lhe rcnoval of potlllanls floF wastcwaG! 1r. The elfecliveness of adsorption on

codmedal activatcd carbon. (CAC) for rcdoval of a widc vlnely ofdy€s frcm waslwslcE

hs nsde il m id.al .lrcmarivc ro othd cxp.nsivc lElm€nl optios 4'. This €apeity is

nainly dle to their srructunl .h@cidisiica, Th.h pools tqr!rc giv€ $en a la4e slrfee

&€4 and den chdical naturc which can b. 4ily nodificd by chdical rMtn€ leading

lo incrcNc thcir .d$rplion pop.ni6 $ar'



3

Agricrhnnl and wood by-products arc lign@ellulosic and cdbontc@us in naturc

and may offr M indpensive rnd Encwabl. additional souEe aor lh€ poduclion ol .cliv.tcd

carbon. Thcsc 1vNle matcnaE havc lnllcor no cco.onic valuc dld onen pccnl a dispoel

prcblem. Thc mw nalaial is carhonizcd ro obhin ftc char or dbo.acdus fraldial, which

js acriv{ql ro yi€ld $c higbly pobus linal p@drcl. Tr?icallx surface aG.s oning rFm

3oo- l4oonr/g e oblaincd lorthc&livarcd naterial':. Chemic.l aclivarion procccds undcr

condnions lhar p@enr rh€ deposition oahydocarbons on lh. surface. The ldw dalcrial is

nixcd wi$ rhe chenrical rscnt ddcd otrd cllciicd dt rcnpcratules up lo 900 oC, Olhcr

Nqlho& &c rls uscd such s nrixinS olllrc corbon&eous naioiials o! chrB wnn pola$iun

hydroxide ns rtivaling clEmical, tFainot of ch!! rvith sllphu! vapor tl clcvat.d

t.npeatuE md snbsequcnl dsulphudaljon witn hldrcsq dd aclivalioh in .n in.rl

.ho.phd u.da r.duc.d pl*!rc wilhoul th. u5. of sy chdi€l &tivation .8.!l-

Acrivarcd cr6on pdiclehrvc m'coDor6 (< 20 ).neFe(20 - 5Oo )and nacrepoc

(>5OO '). The macmpoc prcvid. a p.$a8day b lhe panicl.t i.Lrior and lo th.

di.ropoG but do nor conlliburc suhtlnri.lly to th. pndicl€ strrfac. .M. Thc micdpog,

oD re olh6hand, uc rcsponsiblc lor lhc hrgc $rfacc !reo of.clivd.dcarbo! paniclcs lnd

. creled dunng rhe lcr'varion procc6s 6r. h is in rhe micro toc rhr ids;rprioD hrgcly

r;k6 phcc. Tsai er al. d prcparcd acdv.rcd carbon ftom agriculrural by-poduct and $c por.

sttudure wd exanined by using thc saming.latDn nicro$opy (SEM), Th.y condudcd

tlal dEshapc d siz ol rh6e porcs vary fon surfnc. lo snrlec and e diftcrcot fbm .eh

olhd. Pastorvillesd a i'rv6tigarcd thc porc rlruclurc of activalcd callons prcparcd aon

dilr€rcnr plaue6 bd chriacrcrizcd b, n.lcrry pocioetry,nd sc.nning clcclon

microscopy. Tncy rcponed ihat thcDorc vohn6 (micm, nGo and nacro) incrcas. up wilh

lhc ircrcasc iD iclivatior lcdpcralnc, ind dr.l two mrin pard€t.n.rc rclevinl lo lDc



pdlomance ol lh. acrivat d c.6on i!m.|, th. rurf&c !@ and lh. porc volunc o.

srructurc. Thc porc volun€ linilr llE lizc ot th. mol.culcr lh can be aderbcd whilsl thc

surface ara limirs fte most of hatcdal which cd b. ldsolbed, asuming a suit ble

nol@ular sirc. Ofter frtors slch .s rurldc. ch.nktry (h.crolton cont€n0, surlace.hr.Sc

cm also affecr thc ad$rlliotr c!9rcity, Guo ct .l z' dhowcd rhal rh! smounl of ldsorption

do.r nol alw.ys incrds. wirh 3urfse .r.r. B.ridB thc thylictl sttucture, lhe adsorplion

c.peity is stEnsly influcnced by lhc ch.nic.l n&r! of tt. slrfacc i.c, lcid-bae chaEclf

ed d$ on the a@dsibility of th. &horbaE noleul6 to thc iond $rf*e of the ad$!b.d,

which d.pads otr thcn sie. Th! rp4ific n6h$i!m. by ehich th. a<lsrPtim or dy6 nsm

!q@u elutio o lllc .!horb66 @ .till mi cld b6.@ ldeotion i5 a @mplic.r.d

pDcs tlut de?dd on wdl Gleeldltic rd non4lcllosLli. ftydrophobic) into&!@.

4 -$,-i-i 

- 
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Tbc @rbon oms l@alcd al rhc audlc ed cd8cs ofcarbon crysla|ires h.ve residral

valencics which mokc dco lo lcr is acrivc sitcs. TtEsc sir.s show a strong lendcncy ro

chcmjsrb clcnrcna likc oxygcn, niuogd\ bydrogcn, cttorinc, bromine, iodine.nd sulflr

md Bive rise to non-stoiclinctric stabtc sulfacc compounds which nry bc callcd surf.cc

complqcs, Anong ihese surfac. conptcxca, surfacc oxyg.n codplexcs such as carboxyh,

phcnols, lactoncs, dchydcs, k€|oncs, qlintus, nydoqlinones, mhydridcs or €rbcr

srructurls rtu rhu nron co'nnon ond mosr inponofl i.. tt h.s beeh stoq $!r fic qbon

activarqi at hish tcnpedrurc !.movc rhcsc compl.xcs lnd diive oII thm in lhe fom ofCO,

CO, md HrO. P€rrcv 6r characr.rizcd $c cehon 6nd fo!.d oxygcn-onlainidg grcups of

&idic chardcr (cirboiyl goups, c.rbo(yl Sroups io l&ron stit binding, ph.notic

hydroxyl ond c.ftonyl soult. Boqn d chmctdi4d thc sur&c. sreup6 of cdbon and

dere.lircd rhe olde of arlachmcnr wirh rhc cdbon surfacc (t, IL lll,lv). vi6le c6ma-

Stuo a ed Strelko r found phcnolic hydFxyl, quinonic. cirboxylic .cid, dd clhcr on rh.

suf@e ot carto. (Fie- |.l).

Figue L I i Proposd funciional gloups on tbc sulfacc of carbon.



l.l. Conk oltl'c studY

Irvrlisal)o" ol tlE adsatutialt of oryahl. c.nuotnds fra|t (fl.tte\|ot4t) aqr@ut

roh io8 on tov cast a.t^dut atuar ohlaircdtrcn' pta rtatctiih (rrtulrts .sricrlnial

wtJtc) 4Ml tnrml bor6 .h96tilatidt ahd moldrg oJ th. Iin.tia an.l ol tlE

I h e modyan i 6 oI I h e sd: orpti tu p.o ca s,

Thc pr6etriltdy rvs ediad qt$ rhe rt.p5,

l. To prcp@ cdbon ftun difcrcnl looal .Sriculturol, fd ero{ing low cost wood w*lcs

2. To activale the prepared carbon by clcmicallnd dr€mal ueatnmt

3. To rc86cmre rhe indntrialsp$L crrbon,

4. To ch@tdia tne prcparEd and rcgcncr.lcd carbon hv detminalion of pH, bult

dcnsity, panicle size, 6h .ontoG, mohtuc dd sud&e a@ (BET, BJH, bngnuir dd

' DR) aid po.e sire diskiburion (DR).

5, ]b irrvcsligilc lhc clT@l or dcglssirrB lcmfc.lllN on thc stfrcc P&!.rlics ol drc

prcFrcd rciivatcd and lhc regcncolqd calbons,

6. 10 ch!rucrcrizc rhc surtucc of!rcPrcd aM rcScncr ed carbons for drc prcacnc. ol

ru!..c. aunclionll grcuDs, usin8 thc FTIR tehnique

?. To clu.idate the su.fac. moAhology of $. slmPl* by Ging sc.nning .lelton

Dico$opy(SEM).

8. To know lh. prcs€hce of inorSilic @nlcn$ on thc su.face ol carbon bv 668v

dispq;ivc sp€crlophotonehy (EDS).

9, , To invsrig e thcoryanic and in organic phds prcscnt on drc snrarcc orc.rbon by x-
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lo. To study lh. d$rpriotr .fidwy of rhc shpt6 by using dy.s (rcid btuc I, bd i.rr

blu. R. eid y.llow 29. !c'd Ftlos j4, rcid omgc 7 dd eid oMg. tO) s atkorb.l.

which ln.lud6. cquitibriun and thc kin€dcs.

ll._ To c.lcuh. rbc rhllmodFqic p.ns|d6 sNh $ chugc in laiv.rion cG8)| (Ad),

.hd8c in 6rh.lpy of rcriwrion (AH1, chds. ii .nrrcpy of &tinrion (AS,) ed
Cibb! frc. odgr, (60!) tor Ihe ad.orlrion ofdrrs.

t2. To dcr.mim rhe nelnih of.drorDrio ofdy6 by .ppting diftcEnr kimlic hod.k

lik fiBr ords, BaSlian md paabolic diflsior

13. To tudy th. dlcs qquilibdum .dloarion by rrpting diflfttrt awilablc adlo$rio,

mod.k such G Frcundlich. L$Enuir .!d DR,

14. To snty dE adsontion ofrcid btuc I and jndu5r.irlwast€ wrtc, ric.rmnt, by uring

bgl $ougb rehdquc (@tunn ndnod).

| 5, To vcrify rh. Thoms kin.ric nod.t fo! th. @lud .d&rplior of.derb.r€ frcm
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2. REVIOW OF LITERATURE

A nunb€r oa dilrcMr bv cosr w@d ed ag'i.!X!61 wdte nar.riab havc bm

ulilizcd ror rhc pod!clioD olacrivrlcd ca6on. Diafcrent lcchniquos hrve bcen uscd lor ils

t,rcpJrrnon n s nnDodMr ro csrrbl' rcllrion bcrwen d!rucrcrkrics or rlrc.rrivrrcd

drbon .nd its .dsorption bchavior rvhich dcpcnd on thc naturc of ad$rbatc, ad$rbcnl

(prcnuBor matri.l) .nd the expenmcntll condnions. Followins is lhe updalc s!rucy of

lilfatur on the ptuduclion, ch@creriation and adsoqlion prop.di6 of lhq aclivated

qarbon prcdlcod fron thc low cost w@d, agricultuFl warc rralqials, spcrr carbon aM

ElHendavy tl md 'rsi t2 et a!, prep.t.d .criv.t.d ca.bon non corncoh (an

as cultuEl wasrc) ar low {500 'C) $d hisl (?00 'C) ca.bonizlrion tonpenrurc. Thc 6uhs

show rhal th€ low cabonialion rdpdtuc (500 'c) id& . poor porosity while hish

cathonianion tcopdaurc {t00 'C) cnhe@d tlE poosiry. Th. .criv{.n c.rbon. pov.d

biSlly porous and rkh in mesopores, lDd showed high adsorption caprcily for methyhne

bluc ond Pb" ion5. Thc sample werc claacrerized by thcmo gFvimcrric (TG) and

$aonins claton nicescopy (SEM). ChdS 'r d a/ ale prcparcd cdtatcd ca6on fDn

comcob ind activrrcd by r chcmicxl ncthod and ale thcmally al 1073 and ll?3 K. The

elp.n'lental BUlls rcvealed rbar rhc BET suraace ara, pore volune, and avfaSe pore

di.mct€r offtc Buliing activaled cadon 8omtly in€E6cs wirh thc incEc of acrivation

tcnpcblurcs. Cao 
", 

n/ t' prcp.red *tival.d q.rbon fom .oh.ohs by chcmicsl (KOH) dd

thcmll etivauon (450 'C ed 850'C), Th. csulls sho*cd rhar crrbonizarion tenpeFlue

(78% nicrcporc9, oc(ilalion tim€ lnd KOE ratio highly infllcnced tlie slrldcc are.

(2?OO nr/g) oa Lhc ,crivErcd carhon.



cuph c/ z1 1i prcprrcd eiqled c.tbon fom blgcsc ny sh and uritizcd n for

adsorption (borh kinelic ind equitibnum) of Rhodaminc B and nr€ttrylcnc bluc. Frcn rhc

kinedc d.u dr m6hani3 of ad$Aion ws ddiv€d dd rho cqliubnun dar! w6 .nrtyzcd

by bngmun and Frcundlich hodck, Tn@odlrmic p!M.t6 wcE.alcul,t.rt fren thc

. Alrr.dM d x/'. Ncd rhc icc ,rr.v, ricc hultr, sugffcanc bags3c ard pean ltElts

ror lh€ prcplrarion of &tvared carbon by ph)sical .nd ch.ni€.I acrivarion. Carbons wca

chaiactolizcd by butk dcnsity, rsh coDtcnrs, pH and surfacc ar€a. Thc octivard ca.bon

smrJlB wcrc $€n used lbf cotor rcnoval fon aquous $lulions. Bagsc aclivalcd carbon

show€d. bcllcr porenlial rhan orhe. carbon sanptd for thc dccoloriaion ofsolutions. valix

cr a/ ?t 
also prcpared lclilatcd carbons fron baSasse prccu!5or by heatDg ar I 60 oC and 9OO

lC. he surlace ce ot ttrc smpla w€,c fobd to b. 614 to r43t nr g-r wnh poE votuhc

of 0.45 to I 2 nn. Tn. acrivared cnlbon sadplB wdc lhcn lscd for lhc adsoetion or acid

bh'c dyc fi!tr) which ii wos coDctudcd jir the adsorprion of &id dy. cnhlnced on carbon.

c{hibitrns !lkrtrnc o' posrrvcty chrrscd ru(fee

. D.!il c, tr/Tsstudicd lhe prcparnrion ofdivated carbon ton parn shc| and rriv.rcd

al 500, 800 dnd 900'C. D0rine actilarion it was notcd $nr , smal amounr ot m€sporcs

vm dcvclopcd io rhe inirial slrge bur bun-ofr inc@cd, . Epid <loetopncnl jn n@pos
was obscdcd. At 900 oC activarion ledphluE a significnnr amounl ot hcs,opores w.rc

developcd. Ouo ,nd Lua t, prpared lclivar€d @bon (rcm paft soncs lnd slud,ed $.
elrels of carboniarion lmp@ure on lh. lc\tur.I od chcnicat popcnie of acdvatcd

carbons, Al high activulion tompemtuc pobus slluctuic w$ devclop.d, howcv€r ,t high

temp@tulc rhe porc narcwing also occured. Thcy found lnol lic rcdp@lur€ hs a

idisnificrnt crel on rhc ircrsanic conpondts of ihc carb.ns" bd h; orsan,c surtacc
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alndional smups w@ rcn:ov.d sigDificntly. Ashn er al m atso pEplrld lhe &tivarcd

carbon fod plln shell .nd then invesrigat.d th€ eflel of acrivarion rcnper*ule (500 -

900'C) on porc devclop'ncnt in the carbon smptos TtE study showed lhat dcrilaled carbon

prcpdcd al hi8ll t@pcoturc had a signilicut mounr ofnicoporcs No.clcar paftco ws

denonstruted on re cflccls ofcarborizalion tcmp€!.rurc on (he dcvctorDonr ofnrcsoporc

Yalcin cl a/ t' prcparcd acivatcd c.tons tren rhc flcc husk dd chamcldi4d by

densily. cl€nrcntal analysis, surface aGa dd poosny. Thc r6ults sbowqd rhat rhe surf.cc

'@ 
ws 480 m'zgr, poe di.m.rer w6 0.0044 /ru and poE votufrevs L3652 cnr g-r_ cuo

D er a/ also pEped rhc &livc erbon wnh a hieh sp*inc aurf&e aE! (morc $an l0OO

m2/s) lroD licc husks by using pordsium |ydrcxide (KOH) a! activotins 0gcnr. Tne cflccb

oa prcpa6don parurctcrc on tfic prcpqde of the &riv€ co6on wft atso sludi.d.

Alayi er a/ 3r studicd rhe prcductior of activat d c.rbons fom dole paln wasrca

(b!mchs, lcavcs md dale pils) al 600-700 iC, The poducls wcc checrciz.d by N: (7? K)

ldsorplion lor evaluarins th.ir surf.cc d€ ed porc votufrc. Thcy .onctldcd fom lhcir

siudy rhat c.rbonizarion nt 700 
qC 

rcsutrcd into low surfac. aE! ca6on having poor

adsoQtion propeni€s. Thcy compared rhc poros'ty ofthe activarcd carbon with that prodlccd

rrom rice huskt &d ba$cclc a.d found lhar th. lara ddctopcd pomsny |o a loE cxrcni

due to lnc inhdcnl asn contcni.

Quan cr al !'invcsiigarcd rhe Eg...mtion ofth@ go.ul& acrivatcd cadons (CACS)

dhaNrcd wnh acid oang. 7. Thc lhEc c.rbons weE hadc fmm c@onul sndls. alnond

nuclas and coal. The dyc adsoQlion pr@css w.s cmied out in a conrinuoueiow adsorprion

colum. Alicr adsorptio!, thc dy€-sluFlcd carbon ws dricd at l2O "C and rbcn r€generarcd

in a quaiz eac|or by 2450MHz mic@wav. (Mw) inadiauon !l 850 w tor 5 min. Th.



effca.y of dlis proccdlE w6 onatyzed by delemininS llE di6 and amounts ot d)c

ldsorbcn irl ruccGivc lsQrion-Mw rcBcncmrion cyclcs. Eltccts ofrhis rcgd€nlion on

the shuctuDl lbpcrrics, strrface ctlnis!ry and dE dyc .dsoerion clpacidcs of carbon

sample wcE cxanincd. l wls round !h .ncr scvcEt ad$rplion_Mw rcgq@lion cyct6,

lhc adsoqrtion ra(6 and crprcitiG dfc.rbons coutd m.intdn ,ctarivcty high lcvcls, .vcn

hish€! lhan those oa virSin carbons as indicakd by rhc dy€ br.akdr'oug! cutu* .nd

rd$rPlion islhms. Thc ihpov€mc.r of carbon ad$rlrion pbpqrie Botled fom rc

moditcarion oapor€ sir distribulion dd sufac€ chehnqbyMW inadiadon.

Rahhan ,/ z/ ri invcsrissl.d ihc d$rrtion of nalachile sE.n on acrivared ca6on

dsived frem ncc husks by chdicat and rhmat rstrror, They showcd $ar |hc optinun

carbonizarion chpeatuc wai 5OO"C. Thc adhrytion srudi.6 were conducrcd with Bplct !o

coDlet lj.rc, @nccntrolion od adsorbql dossc of thc cmpl6. Blrh knemui. and

Fdndlich models vaE lound fir ro dsrib. ltE aderprion b.havior.

IIu '" a/ a/ pr€plled a h€$polous calbon fe,n coconur shcls. prcsenled a lon

efr€dne hcd&d for lhc producrion ot ca,bons lvi r high nqoDorc corrc Ttc

n6opoosily NJs subsranti.tcd by r ib$rpuon caphty for phenol, mcrhykne btue, and

'. Hu ahd Snniwn t? nscd $c @@tut snelt and palm sc.ds for ttc pEpdlion of

ict'valcd cdbons. ahe sanpks were ch€mically md $cmlly acrivarcd. They demonsrard

lhal thc llrcnnrl trcohcnt iDnuenccd lhc surfacc dca and poresiry (nicrcporca aM

h6poB) of rhc smpt6 Tnc adsorplion capacniG of th. msporcu actiared ca6.ns

were much highcr than thosq ofmicbporcu! carbons for largd rdsorbatc,

h! ond SrinivasaD rr preDffed a high-sudacc arca lcrivlled ca,bon fon lh. coco.ur

shcll by using KOH as a chehicar aclivarina agenr. Th. KoHrcsh.ll 6rio .nd acrivarion
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lempstlurc ;erc used for rhe condition oprimizrlion. IlE lurfocc arca, (245 t frr/g) lnd pore

vollmc (1.21 cmr/d or $c caibons w@ dctemincd by BET nituscn .deDrion. Tncy

co.cluded tbal1h. carboo lermdr ar 600 oC favored $. p@duct wiih g@d yi.td ud hjgh

Mrc€do e/,/ !r prcprcd aclivarcd carbon amm coconul coi dusr ,nd u*d il for lhc

a.rsorprion or mdrltlcnc btoc {MB) md rcn@l yc ow (Ry) abm 4u@us $lulioG. FiEl

ordcr, seond-ordd and inrFparticte difusio. mod.tswcrc appti.d to rhc kin€ric adsodon

dat!. Thc rcsll$ for bolh dyei suggcsrd rbar tns adsorprior ofMB.nd Ry ws ! dift$ioD

@droll.d 9@c6s. Kutrwlr .t al 6 prepoEd stivared ca$on tbn c@trul shcrr fib.6 vhich

was th.n ltilized for rh. rchov^l ot nethrLne btue ed m.thtl o/o,8? frcm wa$cwalei The

resulrs ir icatcd rlot rhc Frcundtich nrodct Urred besl ro rhc ldsorprion dala as cohpar€d to

thc kngmuir modcl. Kincric studi€ roltow.d thc fi6r odq Elc equation. Ir wa concludcd

lhal dE helhyl o€ngc ldsoiplion o@uEcd $rcueh filn difusion borh al low and higher

co&cnlrolions wllle rethylcDc blue adsorption occured rtuough 6lm difusion il low

conccDtrrlion and panialdillusion ar hid conccnhtion_

Tay .r ar ''r prcpflqi .cliv.rcd c bon fom *wasc aludSc usins caonlr husks s !n
oddilivc. Thc Dr€paraliotr condidons inlotved rhe heating rchrerarurei dwe ljnei he.rins

rrtc.trd coconut hust ro scwage slud8c Diring ndo_ Sulracc.rea, pore sib disFibulion ed
thc productioD yicld or $. final prcd@E wcrc dct @incd md conpar.d. Exp€rinslat

rcsuxs rcvealed that hc.ting lmpemturc hid a coroid€Ebtc inrt&t on thc surtocc aEa and

porc sizc distribulior whcioas d\vcll iftc and hcadrS ntc p€rfom€d comparativcly

isigtrificrtly, Thc incBing mixins Ftjo of c@nul hul( lo sNos. sludgc 
'ncE8€d 

rhc

bicrcporcrny of the final prcducl. Th. su.fee ea ws d.remined by aET rillo8.n
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adsr?tion. Hcrting t:enrpcralure of50o rC and nixi.g rario (li4) ofcoconlr husk to s€w.se

sludgc wcN lortul ro bcn\osrcort c'Icclivc.

, 
ScnrfiiUom!.r ar al tr pEparcd tt. &tival.d carbon arem ccohll t!4 qrbon ed

Jt'rc fibq rnd $cn srrdicd rhc ad$rprion of Mcrivc rcd dyc (RR) on rhe prcporcd ca'bon

sanplc. Adsoetion sludios wcrc uricd our at diflecDl inirialdy€ conccrllarions, initial

$lution pH and ;d$rbcnr dos6 Ad$rplion kin ri6 lollowcd rh. p$udo{aond ordcr dd

difusion nodeh. The adsoDiion isolh€d d.!a also filted wcll to Legouircqlalion and rhc

adsorpion ceaciry werc found to be I 8l .9 ed 200 mg/8.

Evds e! a/ " srudi.d $c prcp@rio! of &riwlcd ca.bon frcm meadmia nur shcls.

Inirially rhc pruNou wcrc subtercd ro ctevared rempcdruB (400-oOO oC) pore size

distribution sludics (hicoporc volunes cxcccdinS l-0cnr sr)were aho cadcd our tor 750

and 800'! tcLiv{ql enrplcs. A hish yicld ofnicopooos c.rbotr v6 obtainql al 540 "C

A[hldpourlnd Do % 
rreDarc(l differor acrivated catuoN arom Macodanjia nulshclt

bych.nricil icrivalior wirh lbhsiuN hyloridcrnd zinccfitoridc_ nD nrnNncc 6a poco$

varilbl* on lhc cabons porc strucrure wls sludicn in ordcr to oprimize lhc condirions_ Th.

mosl ,NDoturt prranct{ ih chemic.l activadon wnh bofi cnemic.l agcnt! ws found ro be

rhc imprcsn ion mio. Crrboniation tchtcaturc @ lhc ssond imporrnot vdriable vhich

nad significdl erecr on porc volumc.

Toles €, a/'i carbonized fic nursh.lls inro rctivated carbon. For.oxidation thc

ptptrd carbon wa fta|cd wilh acid $lulions. Tnc oxidiz.d ctrbon llrfrce ws

chmdcdzcd for surfac. flnctional gbups lilc carnonyl, phcnolsr l&rode .nd carhoxyl by

dific@Dl techniques, Thc lesults show.n thar acid trelldcnt hd inroduced ! sumcienr



aoounl ol slrface tun lional grcups irto thc ..16.r $rfacc. Tlc ef€cl of funclional Croups

on ihe uplakc of copper was also invesligal.d in d. study,

Lua d/ zl % prcp.Ed aclivatcd carbons trom pislachio-nur shells by rtrcmal activariotr

undq nitlogo Uow and utrder yacuum. It ws found rhar undd ,actrl|n condirioDs, rhc

clrmcrqisrics ol rhc lcrivatcd cutuons wcrc bdro rhar fiosc undcr nilrogctr drnosphcrc.

Th; acivllion lcmpcmurc and rlr acrivarion nold rinc wft fould lo bc nnpori.nr

palmelcrs th.r nlfluencc thc cha.acrcrisrici ofdc ac(vnrcd carbon. Acrivarion Ghpetalurc

400"C ird | lotrf ho[L ri c wcN lou $ optinrurr cortlition lor lhc prodtrction oth]sh

sura.E aru i'(l micnDorc volumc. Ttrc BE-t su.fee al@ ot r]lc carbons acliqtcd undcr

nitoscn Jnnosphcrc rM !rcuum conditions wcrc t6J5.l? and 164?.r6 mt/ 8, r.spdivcty.

Folricr lrrDslom infrllcd (FTjR) spccllr wcre uscd to dcl@l thc ch.rScs in rhe su!tucc

funcrional gbups orthc a.mpls

Guzcl .nd Uz!. t prepared a.livat.d cebons lDm sour chcrO, pils and wa

cnenricdlly divnted, Fbm tlE surfacc aM 6odied it ys tound tn tolr honu ,clivadon

dnc w suitrbl. for the poduction of FFus sheruE, Th. pE?arEd .ciiv.tcd cadon wd

lhen utiliad lo! lhe ad$rprion srudics of p-nitroph.nol, melhyt€ne btuc, ordge dd

vicloria bluc lrom aquco$ 5olurioo .r 298 K. Ttey found ! Srat r Moval cfljcicncy of rh.

prcprcd acrival; ca6on.

Mhhera 's prep .d acfivat d crlbon fon ch.rry pits ed thcn us.d il for rhc

lmovol ofcolor and olhcr organic @mpounds fon industrial emuab, Thc smc cffbon

w ale us.d in @lunn &d conctldcd $ar rh. rdoval cll]cidcy otlh. pBpard carbon

surce natcdal for the prcpautior otacrivar.d

prop€niq of lh.F catboN wcrc ddcmi..d by

' Moharre<t €r a/'o ur.d sawdust 6 a

cirbons by icid solurion *livarion. T*rurll
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nitrcB€n adsorlnion al 7?K. Thc nitrogcn odslprion isorhems *erc inlolpElcd by BET

cqlatio.- TIE natuc ofcarbon surfla fuciionalitid w.E dermined by FrIR spatbsopy

and |he resulLs showed th.l the cafton surface .cquird .cidic chaacr.r wiih cdboxylic,

lactonic d Dhcnolic groups, Thc rcnDvll otcontaminunr! frcm,qu@!s solurion ar 2r8K

on thsc c.doDs sampls was ati rncclisat.d. Thr.qurlibrium drr. ws fiu€d wclt by lhe

. knrdji 4 d/ r@ prcp& arivddl crrbon fm l.![ swdusr by veuum p!rclysjs.

Thc cfccls of pM6s variablcs slch s rchp.EtuE 4d acdvslion lin. on lh. poE .rructuE

ol.ctiv,rcd carbonr werc nrv€rrigatcn. HiSh surflce !rca (lr5on./g) .nd por vohme

(0,43 cmr/s) ycr. oboincd frcm rhe 6 tirions appti.d for dc pltDdlion of &tiv.r.<r

ca6on.

Oi.si3 dr .t 'o' prcpacd the erivsr.d cdbon frod 6rron starks !t 3sl K dd ??j K
Hieh ad$rbing cdbo$ w'th *cll dcv.lop.d mdoporesiry w4 oh!in.<l_ poresiry w6

dciemincd by.iilysis otN:(?7 K) adsrpiion isorhcms.

, 
Sddy lnd Setvap.thy ro': sfudicd ihc 6oul cmcicncy of Hclirc d]6 on rctivitcd

clrbon prcparcd lrom coir pi$. galch crpfimcnb shorvcd tha( thc ldsorptior ot dys

incrcGed with e increde in contact rin. dd c&bon dos.. Ad.orptio. ofdys w6 found to

rollow lhe rrrcundlich nDdcl, Lagdgrcn El. cohsrdt of lh. dy6 wc,c t und ro b! in the

ngcof t.77 x t0_,-2.69 x to : mni'.

Kavnh rnd NM6ivayd r@ 
srudicd lh€ tinclics of nelhytcnc btue on coirynt

c0lbon pEpjrcd lroN coconur luk, Tnc ldsoQtion srudics worc cldcd our wift lcaper ro

dsitation rnnc, dyc conccnllalion, aderbcnr dose, pH and ldsorprion rcmp.Erorc. Llgcrsrcn

liBl-ordcr, s@ond-o.dcr, inl6 paniclc dilTurion ad B.n8hm no<tcts we@ 6cd lo fir th.

cxDcrinlcnrlL kinc(ics dill. EqlilibiuD drra w* anrlyzcd by Langnrir, Frcuodlich and DR
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i$rhdds.lhcc;'itih nlttr,.vns aoutrdrobc30rnd60n,n,br tolnd20nrg/Llhd tOO

h ror 10, 40 myl dyc conc.nltalion!, Especriv€ty. The changc in cntopy a.d hdt of
id$rplion ol coir pnh c.rbon ws csrimal.d .s 17.20 J/moVK and 30.88 &r/mot

rupectively. Tic hish ncg ive value of chaigc i! cibbs ric. endgy shoved a acsibte and

sponon@us ad$iplion of ndhylde bluc on 6n pilh carhon_

Sodeyanro cr a/ r! prcpared a high surf@e .!ca adivarcd carbon rroo cassava pecl

(rgricuxur.l wade) by chcmic.t md !h.m.t acnv4iotr. Thc pEpmdion pbcst cotr,d of

poI.sino htdoxide inpr.gnalion Iouowcd by carboniadon at 450_?50"C for t_3h.

Rcsulls r€v.alcd lhal rbe &dvarion ljnd have no sig.iltcant ell€ct otr ihe pole s!rucluft of
&lNalcd ca6on, how€vc., rh. por€ clrreIajslic of carbon chdge signifc.nlly wirh

cadonization tcnrpcratule. The mrxinum lurface de! and pore vollho were obrained at

imtrcgnation rllio of5:2 and crrboniation impcBturc oi750 "c.

Olivrics-Mrin cr,t roJ lscd cbcry srotrB (CS) is r Fie.!6or tor rhc prcpaorioh of
icrivnlod cll'bon by chcnlicrt lrd thcmd mcans. Intomarion on r surfacc tunc(ional

8rolps a.d struclu.ca oflhc cirtD,s vcrct'6vidcd by Fr_tR spccrrcscopy. Thc BET surtacc

afo or r plcp ld cmbotr wis lt?l nl g-r. Thc crcc! otcl$oniadon |cnlDdit|rc or ttrc

poDus slruclurc ot aclivared carbon showed tnat ihc surface !@ inct%4 wilh lhe

cldonialion r.mpenrurc.

M.r rz cr /l r& prcparc lctilatcd carbon froh .gricutrurlt wastes such 0s olivc

stonq @q pcc4, vatnul rhc r, ad ,ton. froits by ircaondl wnh 50 dd 75% (w/w) of
KOH. Th€ rwo lypcs otactivlted cffbois obtained wcr€ chlract€nrcd by *mning ctcctrcn

ojcDsopy (SEM)- Good qualny c&boB erc obt in.d wrth 75% KoH i. borh lhc c66_

Thc adsopion oa iodin€ ws cmic{t oui for rhe det ninafion ofitj adsoQrivc cop.cny,

olile pns qrbon ws found wirh gleater ad$orption cap.cily 6 comparcd.ro othcr s!hpl.s,
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Thc wd.ut slrclls aclivalcd carbon ws found lo bc ore nracro.loporous sltucl!rc rhan

Sanchcz dr o/ rot preprrcd &tivarcd cdbon rrcN the vood of Orer.rc agiJolia an!

w.lnur shells lnd acrivakd !t thft ditlcrcnt acdvarion renp@ture' Tn€ s.nples v@

clraracrc zcd (nricro and mcsopobsny) by Dirrcgetr adsor?lion. It {os concludcd rhat the

inidil topeni6 oaprecueB h.ve srongly innuoc€d rhc activation pmc6s und( simitir

Badie e/ a/ r03 u*d thc dricd pcanor hllts ro gct activaled .arbon b, ch€ftjcal {KOH)

and tlem.l activalion. Products wcrc chandenzed by rh. N, ar ?7 K and mclhylene blue

(MB) adsorplioh. Sihple carboniarion ai 7OO ,OO "C ahow.d hi8h surfee !!d .nd grealer

!€movnlofMS. On thc orhcr hand lhcaample activard wilb KOB lcsulred inro tow surtace

arcr, 8rcarf Nsoporosty but poor rc'noval cnjciMcy of MB.

c6mez-Scr.no 4 al r@ u*d cnBbur wood 6 ! p@!6o. for lhe p,oductioD oa

actrlalcd carbon d 100 - 600 qC, 
Thc producrs oblaincd wele chalacrcrized by N: adsorprion

at -196 "C and aolod nicrcpoels carbon. R6utts showcd rhal rhc surftcc arca {Srn) rnd

mrcloporc volum. (,/D,) iicE.s.d wiih rnc inclease oflcrivarioD rcmpenrE (600qC).

Erdogan cr a/ 'io prcplred aclivllc!.tubon fom w4lc.pricot ad aclivatcd by

ch€nrcrl aod drcmal medods (400 900 oC) uhdcr rhc N: armosph€E. Th. m*imun

\d{r(c orm {l2ta nl/s, d nicrcr,oE vollne 10.355 cm:/cr wcrc obbircd d 9Oo,c. Tfie

cnlcd aclivarcd ca.bons wcr€ lhen usd for @oval ofNi': ions from aqu@ls sor ion

wrln Bp€cr !o rempefiurc and diflerenr conceblratios. AdsoQtion pmmeleB wcr

dchined by using Langmun model. Th. results iodicaGd lhar rhe €lrelive uphkc ofNi.t

was obtained by ictivaring drc crrbon at 900 
qC.
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Kobr! e/ zl rri prcpdd ldivalcd carbon fron aprjcor stones.nd oclivatcd ar 200 oC

ror24h. TIE lctivdcd c hon w$ lncn u*d tor lhe rcmovit of Ni., aDd C!.: tDh aqu@!,

soludons. Bilch ldsorpllo! cxpcdnents wcrc conducrcd hd lhc a&onlion c,p,cilics wcro

ohraincd in thc orderofNi': > Cu':.

Corcho-Coml e/ dl rI uritizcd thc tow{osl agricullrrut w.src ( vitis \nrilent) tot thc

prelahtion ofnclivared carbor by chemicat (H,pO4) ond rhenrat (3t0-550 .C) rElm.nt

undq thc N: almosphft. Th. carnon surfec w6 chand.rizcd by FTIR spdrro*opy.

Bell* developnlenrs of su.tacc a@ and bicrporcsity wcrc obuined ar 2OO and 450 oC,

zhang rr a/ r! conv.n asricuttuhled fo6r rciidu.s (oak wood wslc, @o h!ns,

.nd @m slorc4 
'tl|o 

&raalcd cfbom. Micopoous acrivrk<t carbo.s w.r€ poducdl by

physical activrrion with CO, rs the lcrivlrion agcnr, sp@ificaly lhc c(Iccrs of acrivrtion

lcmpeFlurc lnd d@lion wq! cxptorcd. Thc Nltarl elivaled carbos wft che.lrjad
by naurinS lhek poMi * 4d torc si4 di$ribulion. Th. a.rivar.d carbo$ p6duc.d had

BET snrface orcas 6.gin8 frch 400 ro lOO0 m,/s, snd Etios oa micbporc volune !o roral

poE voiu c Enging loo 0,18 lo 0.6{. Thc porc size disrribtrlion ws nlmw and Dqkcd

eprcxin cly a porc dimelcr ofo.5 nn. Both thc surf,cc area and naruc ofporosity

wcrc sisnificatrrly arcctcd by rhe coditio* of trclivation. rlE cxtcnr of wtich w6 dcp.ndot

on |nc.{urc ollhe pEtrGoB. l. gencht, rhc highcr rhc.criv.lion rq)p@l!r€, rhe grc.lcr

was thc aulf.cc ar€a dd microtoE volum.! ofrhe culllnr acrivaled ca$on, Foroak,longo,

the dunriotr. of rctivalion, gater was rhc ad$rpdon caplcit, wh@s tor @m huls and

cod stovcr lhc durarion ofaclivarion nad ncgative cr4r on lbc adsorplion clpacily.

DclosReyes e, // I I obrdned etiv.rcd.arbons from chrteM Nadve asricutlur.l and

roBr 6id!s hreugh I rhcmal pn63. Th. prcduct! obrained nad diflccnt surtec.16
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wilh low sh-conlml, Thc ITIR sp@trum lhowed rhlt llr surtacc of$c carbons conhir

' 8Jtar 'r prcplr€d rhc micDporou! ed hcrcpolols acrilltcd cebon (WAllZD5)

rrcn wdre apricor. The BET su{ace a@ @ r060n% wirh 36% nicropoEs ?4%

'nesoporcs 
d 19% nricbporo votumcs. The abiliry of WAI lzn5 lo renove rhM dr!s,

mclhyrcnc hh'c(MB), nrlaclilcsrcq (MO), and crlsld,iorcr (CV). tDr cm ucnr sorurionj

was aiso invesdgat€d. The odsorption capaiiry ofWAl IZns for dircrcnl dyes was found lo

bc in thc follo*ing *guen@i n.lachirc e|a > nclhyt.n. bluc > crlskl violc!. Equilibrjum

dal.w6 anrlrzed byrhc tjn8nuif, Frandtich and Dubinin R€dBhkcvich (DR).quarioN.

Hainour lnd Emeish ,6 ulilizcd rhc dardtonc war6 for thc podudjon of &rivaicd

c.rbon by chemicat and tcm.l nr€ds, Tn. .ffccls of thc activarion dmq activarion

rcmp.r.bre, 
'mprcgnation 

r.!io. od plniclc ste on tnc yield and lhe adsDdvc ap.cny
tolJar4t iodinc wcE also srudicd. Il w.! found $ar w n fic inc@* in edvation

r6pc6ture dle odso9rion c.pacityotrhc cdrbon ws incEed.

cirgis dd Etltd.t wy rrt Ged dltc pirs s tow cos! agricukuEl by.pbducl aor rlE
prcduclion of pobus carbon. The raw marriat was cllbonizd ar 3OO, joo or 7OO !C and

sMicc chaEclcturiG of lnc pnducrs wcE d.r.mjnql by lhc adsryrion ot N, (?7 K),

iodnr, Dhcnol. ind hcl[ytcnc btuc. They found $d thc carDoD crlbonrzed at 3OO .C wls
Ics pobur rvhich rvas !(riburcd ro rhc @nlribdion of $e us.ruBrcit cnmiql bonds

initillcd in rhe p.niatty deorlpos€d natlrial, Carbons obh,ncd .t 500 anij 7OO oC h.d

DidTemn dr a/ 'r3 pEpaEd activarcd cdhons froh €lparro grass (Stir)a tqbcissird)

by cb.nicrl (KOH) and haring lenniqucs. The s@pl6 w€lc ch.@tenzqr by diaf.rcnl

nelhods ,ncludiig surrace ar.. by BET, DicDpor6 by DR method, lhe por€ sizc distriburion
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by DFL Thc r6ulls suggesrcd rhal lhc fundancnkt aaclor ovr lde,pdon wds rhe

dcaclopm.nt ol poolily in cabons divarcd at high sios otKOH imprc8nadon.

Kailapp.n 
"r 

al rD prcduccd etival.d carbon from Zrcrop,! (p,oropis julillatn) by

clEmical and $emal activilion. Thc p@6s va!i!bl6 vere: ac(varon knpcra$rc, ard

act'valion duErion of hed.g .r 6OOqC. Th. &riv.r.d carbon yictdcd ws J6,9%. Thc

ldsoiprion clprciry ol (hc prcprred .crivrlcd c.6on was dcr.mincd by nrcdrylcn. btlc

, cuss d zr r?' dcvclop activnled c.rbon fmm ,r,J! .uxr'r,/ sp, sccds, ctraEcrerizd

and |hcn u*d for tbc rchout of mdhyl€nc blue trem lqu.ou, soturions. Adsorprion $udi6

wcrc caricd oul at 20qC.nd various i tiat dyc conc€lllarions (20.40,60,80, and

100 ns/L) lor difcrcnr pcriods (lj, 30, 60, md t2O hin). Thc adsorption ie$co obrdncd

for mclhylcnc bluc wit lypjcaly S,shlpcd. The sh.pe ofisolhcm ws bcli4cd to,e0ect

fircq disrincl modes of adsoQrion. Region I Epr.scnrs $c adsoQrion oa merhyl.n. blue

Dainly by ion qchangc. Region 2 by potdiadons of r_elelons 6rabtbhed al cFlic pans

or rhe prcviolsly dsorbcd mclhytene btu. nol€cutcs. Region 3, rhe stop. ofrhc isorhm

ws rcduccd, b@ausc ad$rylion lhq cletrcsralic Epulsion bclwcm

oncomnrg ions md lhc ainritartychrged lotid, Adsoplion jd thi! fashion is trsualtycomptctc

*h6 lhe surra.e is covercd wilh . nonolaycr of nerbyl€ne btuc. The rd$Driv€

chahcleristics ollhe poduced active c.lbon eere ddmined by,oosity and BET surface

ca (?99.2 m's '). Sttoclmt @tt56 e€E prfomcd by SEM EDS rcchniqu€s.

K\.ani et olt'1 prcparc a.tvatcd crbos fron wood and irs basic componot like

ccllulosc. liEnrn and xylan (hemiccttutoscs). Acrivalon \vas don. bJ simpt. pyrcty6is unde!

N: and lh.lhcmal lM|m6t oftlt nairiat jmpE8.lted wntj KOH (KoH-activarioo). The

srrfdcc a.ca was detcmined by BET mcthod. Thc samplc w{s used for rhe adsorprio. of
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ne0ryldc blrc fom aquous ph6e. lt ws shown Oat $c Llngmun and Frcundlich

isolhcmssitisf.ctodly fir to thc ad$lption dala.

K.nbikcyan cr zl r" prcpared acrivarcd carbon fioh rhe wood ot He\Ea B sili,6it.

Tlc cidon s.'mnlcs wcr. 
'l.cn 

Ulilzed forrh. rdsorplion oiCr{ from rqueoli solL'lron Thc

cffccrs ol|[! rcrcK likc c.nhcl timc, inilinlconccnrmtion rnd rcnDcratur. wcrcsnrdied on

lhe adeDlion srudy. IncMc in .dsorprion capacity wilfi incrc@ in tenpcraoE tbow€d

€ndorhmic nrlu! of ad$+rion. Themodtraoic pa6meteF likc slsdard cibb! fr.c

€ncrgy (^G'). srandad cirhalpy ( -[f) dd srmd..d cnropy (A.5") wcrc 4atuar€d.

Adsorttion kin€lica of Cr" wds m.lyzcd by psudo llsr.orde. and pseudo sccond,ordcr

modcls. P*udo seond-ordcr model ws folnd to cxphin lhe kinai* ofci'adsolp1ion

mosl .f4tivcly, Inhapaniclc diifulion srudies ar dillccnr t€np.raturcs showcd rhat th.

n@hsin of .dsrptor ws nainly dcpEndcnt otr dilfEion- Th. rar. of i apanicl.

diruion, film ditfusion cocm.i6t dd porc difusion co.rrcicnr at vdiou. tdpduca
wcr. rl$ evaluatcd. Thc Ldshdr md tr.undli.h i$ 1em wcrc used to dscrih. $.
rderDlion equilibrium data. Llngmuir bolh.m sbowcd a bener llt th.n FErndlich isoln€m

in tlc t.mpe61urc iange sludiqd.

wu m'i Tscns Dr srudi.d lhc DrcpaElion oa acliv.r€d c.rbon by usingl' *@d fld

csrbonizcd for 1,5 h !t 750 
qC 

a|rd then sookcd in a KOI.I solulion. During lhc hst hou! CO:

wa Doucd in for funhq &rivarion lor O, 15, 30, ! 60 min, cpcriwty. Cadonac@us

idsorbenls wi(h confollnble surface .rca and pore sttucLure {ea chenrically aciivatcd

((OH). The porc pbp€diq, including BFr !!rf&e e4 poF vollnc, porc sia distriburion,

and pore diametcr oa activatcd cadons wcF chmcreized by rhq r-plor nerhod bds€d on Nr

aderpion isorhcmrs. Frt w@d crbon elivated wid CO, Bsin.ation lrcn 0 b 60 nin

exhibncd a BET 3urf&e !rco mbgirg foh l3?l ro 282t nttr, wirh.porc vollnc
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sisnificlnlly ir)crclscd fron 0.81 lo t.73 n:?gI. Sconriis ekcron nric.o*opic (SEM)

6uhs sbowcd lhillhc auraacG have honcFomb tikc hotcs. The ad$rprion ofmcrhylcnc

btuc, b.sic Urown I,.cid bluc ?4. l'nirrophcnot, 2-chtobphcnoj, Z-creso, and phcnot fton1

wald on thc carbons wctc cldied oul_ AdioQrion kinctiq wa jn g@d a8rcd€nr wnh rhe

Elovich cqlarion, and atl cqljlibrinm holhcms wcrc i.r rsEm.nl wirh lhc Langftuir

cqurrion Thcsc rcruhs rcr! used roromplE the Etovicl Fmnerer , t,4, rtrd rhc Jd&Dron

quolny of rhc unn N! {{tuJS,) ot rcdvarcd ..rhons wnh dill.enl CO, ga,ficdrion

iu.arions. Tiris wo* arcihaEd rhe pEprdrion of4rivat.d carbon by.fcctively comrolling

Por9 si.uctur.s and rhe adsorpdon Dqfomdce of lh. acrivared calbon on aderbar4 of
diffemt molcclld foms.

KrasiiskadraIr" srudied rhe pcpedon of acrivarcd carbon usingpemnial planrs

bznboo (Bthbt6o rutsatis) weca (yucca f4.cida) by hichly conrcllcd cdboiiz ion

pnc6s 550 - 950 oC in fi. pcacc of nitrcg.n arnosph€E. Tt€y found ln.t al highcr

carboniz.tion tcmpcbrurc lhc dineNio.al shrinkase .(t orceness rn sktrcrure was grcarer,

Thc sanplcs wcrc cleaclcrized by densit, porc siz dislriburion and llraacc mo,nlDtosy

lsing lh. scrnning etftlrcn nicmsopr

Bbsn .r a/ r1r produce carbon fron lhe wood of pnch pine .l 30 - IOOO oC. The

cnm wcrc thcn chaockrizcd using ddsiry &d surfscc .rca, Fom lh! comparien oflhc*
key param.t.s ir w6 clc.rly d€moNrlarcd thal good qutity ot carbon can bc prc.luccd ar

nr irunl tcmpcnturg or 500-600 aC.

Ralikumar d, at 'x srudicd thc d@torianion ot R@tivc ,!d tGL lnd Acid

broM 29 fbr aqu@ls rctulion by adsorption l@hniqlc lsing a hybrid adsorb.nl rlat wd
prepaad by a oixture of cnbon and fly6h at l:t r.rio, The €f.ct of pH, iemrchl!rc,

pdiclc aj4 ed dhe on rh. dyc ad.orption wd invBtig.rcd &d oplioizcd usinS ragon*
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sora,c c ncd 
'odo 

lo$r. Thcoptinun Dll, tcmpomrrc, paniclc sizc !.d liDcwcrc aound !o b.

10.8, 5t.25 oC. 0.0525 nrnr lnd 395 min, &petively, lor rcacrivc rcd tOL and lho$ tor

rcid brcwn 2t were 1.4, 27,t "C,0.0515 rm and 285 n rcsD€clivcty. Compterc rfroval

( | 00%) wd obscrvql lor borlr thc dy6 usine rhe hybrid .d$rhcnr

Palil ind Moulit rrt invesrisated ln. dso.prion bchavior oadyc! on carbon surt&..

Thc Mulrs e[owcd lh rhc dylc doc€ not lderbcd on ihc ncgalively chirgcd surtacc, Thc

Gul6 wcrc dnalyzcd in lhc lishr of FrcundUcn &d rjngmuir isolhcms md rhe ctald

themodynrnjcs pmmelcts were €vatuatcd,

'Choya,zlr':rsiudicdih.ad.orplioDofthFacidicdyd,AcidBlucSO(AB8O),Acid

Red ll4 (ARll4), md Acid Y.ltow tt7 (AYll7) onto ac Et€d clrbon, FjtlE$rb 4OO.

Three sinslc-conlonent and ihrce binary, ABSO + ARI14, AB8O + Ay 7, ahd ARI 14 +

AYll?, i$lhcms wdc d.|mind. lou hodets for pEdicting th. mllri{ompon.lt

.qlitibnio sorprion Golhcms hav. b6 cohp.rqr in o.dcr lo d.t @in. lh. h6l; tir mod.t

ro predrcl orconelar€ bindyadsorprion ddra. Tb.s wcrc on dlfld€d Langhun is$.m, a

sihplilicd modcl bscd on r'nglesmponcnl cquitjbrium rJcro6, r mod,ticd c\lcndcJ

L.ngnuir ielhcm wirh I conshnr intcraciion facror, d a noditicd cstcnijcd Lrngnlir

isotiicnr nrco+o6drg ! strfucc covoasc dcpcndmr intcraction faclo.

. wu c, ?/ r'zr srldied the regencmrion of spdr carbon abm nonojodium Slulamarc

lacbry usiDg mdirtion and acid-alkali chcnical clcaning merhod. R€sulrs sho*ed rhar rhe

rctivalcd cadoo sal!6rcd wirh polturdrs @utd be washcd away cdily by nshinA wilh

chcnic,l $lulionpriorro imdiarion

Manin dr zrrr0pbduccd carboD frcm luptus sqwog. sludsc and rhch erivalcd ar ?OO

qC. 
Thc actilatcd carbon pDduc.d ws mainly mGoporcus in naluc, with , scte &ea of

25ln:/g and an aveage pore diamelcr of 2,1 nn. Thc adsorprion pcr|ommc€ of thc
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pEp.re.l ocliv.lcd ca.bon 1v6 chakcd by lhc ldlotplion of lnrcc dionic drs in etulion

(Cl Acid Bown 283, CI Direcr R€d 89 and CI Diet Black 168). Thc ail.d ofnoteular

siz. olthc dye on the adsrydon bch.viorhar.ko b..n discu$cd,

Al-dcgs er u I rrr 
iovestigared rh..ffet ofcarhon surtee cndistryon rhc Enoval of

Bcrivc drs lbm lqrib dnuor Th. movsl ciici@cy of adivar.rt ca6on rowards lhE
hishly u*d rc&tivc dy6 (rcm@t Eacljvc ycuow, rcm@r @tlvc bter ,nd |m.al
@ctive rcd) in thc lqlile indust.y ws inBdgar.d. Tnc adsor?tion capacily dlh 5nowcd

hish rcnroval abiliry aor rhc dtrcc Eac v. dys. TIE high adsorprion capocny ofthc,clivrrcd

carbon wd5 annbuted ro lhe ner posirile surtac. qlDrc. during thc a&orprion ploccas, surfacc

!c idiry, su rf& e bas ic ily, H' and OH- ad$Drion capaci ties.

' Ch.n.od Cha.Bqine r'hav. 
srudicd djc ad$Dlion behavio.ofdr6 such s..),srat

viotd, broDophenol bn@ a d eri.htuna blrc bta.k R, ft.h 
^q@us 

slution on vdiols

actir{ql caloon ]jbc6. Tney atso sludicd lhc.ftd of rmpmrurq slrfdc arca.nd porc

Morcni ./ ,/ I sruaicd llrc ;cnovil oa dycs by usins nigh .slr chff.

Thcnnodnnrics aDd kinelics oa reactivc dycs was t.ken ioro considcrrrion, Equitibrium

d.l1 wqc obhnrrl usins rbc madc nr.rhod wilh conroued asilalion .t rcmpcrarurc jn rnc

6ngc ol lOoC ro 6OoC. bngmnir i$(hcm hod.l w6 used ro dwrib. ri. cqlilibrium of

dsrpton .nd lhc.guil,brium pmmel6, Rc in th. mge oto ro i indicalc tavonbte

adsorplior Thc kincric dat! ar 3OoC to 6OoC wcrc prcsnl.d for contoltcd .air.don ar 50

rpni ahd consh rnDeEture wi$ dyc conccnlrarion jo de nnge of l0 ppm to 50 ppn.

Resuhsrndicr.d hedrfLsron.onrrcllcdrh.adsoQrion.rL

Mcako c, ,l '! rorled od isolhctrs aor rhc adsorplion of b.sic <ty6 f6m aqu.ous

slulionr on dificEnr rd$Ibqrs. Thc cquilibrilm of ad$rption ofle bGic dycs, MS-_l,,
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MA 400, otl etivarcd carbon was studicd at 20, 40 and 6O'C. Thc cxpdimoral

equilbnum drtl was fiu€d by rhe kngmuir, Frcundlic\ lagnlir Fnndtich and Redlich

tetson noiels, Frcundlich i$lhctu h.s lhon bdl agrcnEnr with thc cquitibrium dala

for all dyc carbon s)Etens. Tqperaure slightly inc@€d the adsorption capacu

Tlnrhdprnichakoon e/ ur rri cdtricd out the tiquid-pbasc adsorption-desoetion

pmqs and e rdrol regenerrlion emcicncy ofdn acdvat€d carbon prcp.rcd lom w6le !iG.

Ad$Ation crpclimcn6 Bal€d that thc papared &rivarcd c.rb.r po$6scd a la.ger

aderption .q..ity for two Mclivc dy.s, bl.ck 5 and rcd 31. lt wlr Gccnaincd $al rhc

prepared lclival.d cdbon exhibncd l$ i@@ibl. adsQtion of dj€s. The ernanol

'cgcnoration 
cmcicDcy oflhe preparcd acrivqrcd carbon s.lulalcd wirh dycs wis lricher than

thc commcrcirl nctiuled carbon. Drc to thc superioi liquid-pnse dsoFrioni6oQlion

chancrcrislics rs wcll c hishcr elhrnol rcgcr.ntion efiicidcy, rhc trcpdrd aclivatcd

@ibon could bc $cd tor wanNatd lrcarnen! Bpcillly for ldsoibing butty .dso$at6.

Albanis er ,i 116 invcsrigatcd thc rcnoval of d'6 fron aquous slulion by

adsorrlion cohmil rschniqtros. Tnc losorirhhic lonn olF&udlich cqm(ior wN apDlicd lnd

wat found in hi$ lnrqrily. Thc constant "K" w4 fou.d to inlcrcdc wiln rmnny bcrwccn

a<liorbenr rurf&c and ad$rbatc onc.ntotio!.

wibon cr aI "t uscd hde chdoal fof thc d@nlaminalion of pollulcd w.|ei The

chaMd wa uscd in tat n and colunrn cxp.rim.nL dcsigned to inv.stigai. $c soQlion of

two catiooic mdals Cu and Zn, The dat! fbn batch cxpedmnls lltr.d rhc langnuir

isolh€m and so lhc th@Etical naiimuh binding capaciti€s werc obtain.d. Thse valu6

wft @npacd with eiperin€nla! valu6 ddivcd from thc collm. .xperindts The

d@hdisnB i.volvcd in llrc inmobiliztion wcc also in!$tigated,
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Choy e/ //rr3 srudiql $c ad$pdon ofcoppd, cadmiunr, and zjnc,onro bonc char jn

rhB ofcquilib Ln and fttc studics. Mdinun sorprion cllpiciris for thc nrcrajs found

fror llrcLMgmuir isorlemr wcrc 0.4?7,0,709, dd 0.505 DnDtg rbonc chtr torcrdmiun\

coppcr, and zinc ions, Bpcctiv.ty, Tb€ kin.dc expcrimcnral dala wd us€d ro anat)zc thc

crccr of cxrcrnrt fihn 6oud y taycr d inkapuniclc nuss rrunsfcr resistlncc on rhc

sorprion pc6s lnd itl significoftc Fou, ncrhods aor dcrcmining rbc crr.oat litnl

traNport cocfficicnt wcrc dcvcloDed nid rcslcd;lhrcc urilizcd cxpcrircnr!t dat0 lo obtiin lhc

@cilcicnl ed tlc rounh ncrhod v6s conptclcly cnpiric.L nE $@ dpe.imcnralty bccd

doders gave similar rcsulrs and conscqu.nrly simil.r valu6 otlh. dcviarion cmr valu6,

whcrca fie cdor valn6 for thc hpiriot co@lalion w.E greaEr md n6c rhe. vatu6.

ahe rcsllrs dedonsrated rh.r rb. nelhods for d€kmining rhc filn aellicicnr coutd b.

'ntcgdt.d 
inro moE oompr.x diftution-ra.ron mod.l such s nh_inhpanict. difsion.

. Zhor e/ !? r, d6crib.d .lcdbchmicat p,oc6s for lh. e8.h@tion of acivat d

carbon loaderl with r'jrirolJlsnot. Th. rcgcndation parmcteG such as cuncnt densit,

Iqlid now orc, NaCt €o.ccnrhrion.od rcg.n.htion tihc werc srsrcmaticlly invcsrig cd.

Undcr lhe opri ;m conditiois, lh€ rcs.nc@tion cfficiency of AC was rcachcd ro 90% in

l-5 h, rnd no signilicdr detinarioo w4 obsfled .nG. fivedo! @nlinuous .dso.plioF

ego&nrion cycles, lr was connmql $!l rhe ad$ryrion oforganic polurank hld occuned

'n 
lhc nlcmpoeoa.ctivaled.a.bon. Thc Egcn hlion was niilly duc ro lhc d@omposilion

oi orgrnrcs o) rhr ouJ(k of rcrive sDccrcs 5!ch s hydrorJt Edicits rtut werc gcnemred by

elcclrochcmic.l oxididon. Thc rimc{pacc produclion for aciivatcd c.rbo. rcgcDc6rion eos

Srally imprcvcd in rhe iivBtigared modified poc.!s, Then ir was @nclud.d lhat lhc

rcsencrauon pbccss has ouch noE Dorendaly ost_cllccrive for thc dppticatiotr.
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Bmwn dr d/ r40 studicd ric Movsl ofd,slal viotet dye etulion using a non-poFlsi

el@nicillycondtrc(inscirbon.b$cd sorbcnr. Thea6onlion poccss w.svcryqlick (88%

or cauilibrium crpa.iry wa achieved wilhin 2nin) .nd rc adsorptive c.p&ity of lhc

adsodent ws vcry low (2 mg g-r). Ttis wd due to irs tow suraac€ arca. The lo.d.d carbon-

bccd ldsorb€nr was rcgmchted with r6pcct lo cuftnt dcnsity, Ircatrn€nl timc,

co.cdrmtion and lhiclnGs of rhe aderb.d bed. Mulriple ld5orprior dd rgcnmtion

crcls indicaEd dd thcrc wus litl. orno loss in adsorb.nr capaciry on Egen€lotion.

Sabio e! a/ r'r sludi.d lhe tnm.l rcgocBrion of carion, sllrarcd wilh p-

ntrephcnor. Thr.c rlrcmal rcgenention n thods wcro t€gtcd: (t) pyrclysk, (2) py@lyis-

8$ification md (l) di@l Bdifiqrion wjfi an sd CO_ ThG cutrs showcd lhai lh.

pyroiy3is t€ard.nl do6 not conpldely climinat thc corraminant frch rhe carboi a.d rnc

@ovcryof rhc inirirloderpdon poperri* ws low. Corgsincdion yieldcd lo I conplcrc

rcgcn.r!$on $ conparcd to p)rclysis-gllitication aM di@t gdificarion, The an-

8raifiqllion prcduc.d lower rc8 nettion prcpcdie, alllough diEt air-gaificadon ws 8?%

@ovcry Thc eulrs suggBlcd rhat thcmlt Egd.drion autd bc caFicd oul in ! singtc

slep, snnplifyiDs th. prccess rnd rcducinS 0E operation con, Morcov$, CO, was touDd lo

Movcr llc innid crrbon norc lhan air.

Tinron rr (/ " sludicd thc sotlcnt (c unol) rcgdrcmrior ofsDcnt octivatcd cdlbon

led.d wnh ors ic conDounds, dd rhe indusrial w6tqalq_ Hjgh r€gencdtion cfici.ocy

w.! achicved cxccpr lor rrcmaric compolnds substilurcd by .l@tondonaring grolps.

Eflicicnt rcgenmtion w4 caried out using e cletondonaling solvefl such s N,N-

drncthyliomJmrdc. whac crhanot regcncrruon w6 nor ejled"c. frre sotvcnr rcgcneraron

ofcfbon loadcd wirh phcnolw6srudrcd uringfix.d.bcd runs.lr we tound rlsl ethool dd

lolus. show€d high rcgdarion .lnci.ncy, Th. colrmn <ldorprion of ph.not ws
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sinrulNrdl a g.vc good agrcchc $nh obsNcd Butts. Thc rcgcncrrdon cmci.ncy ol
elhonolrnd lolucnc *as 801. rncr fivc egcn.Elion crrles

Ania cl a/ r'r srudied lh. rcgomlion of&tivat€d cqbon previou,ly alaust d witl

phcnol. For rhk putDos rwo expcrincnht d€viccs wcre usc(t: a sinslc mod€ micowavc

dcvicc op€nling at 2450 MHz aod a conv@tional elerric tunacc. By.mpioying oicDwaE
qcrgyi thc rcScnerafion rioe was coDsidchbly shoncnod conra,cd to convdrionat thsmat

h@rins. Morov6, micowa;c headng pr6.rycd rh. poreus lrtucturc or tnc Ggendrcd

&tivared cnbon holc cmcienlly rhm trarrnent in a conlcnlional dcvi.e. In borh c6es

succcssivc EScnmrion c}tt6 ,!duc.d rh. nicmpoGity oflnc adiur.d carhons. Hovevor.

convqiional hcaiing shiied rhe micrcporc size dis!.ibution ro pores of rarcwer siz6, Thc

BETsldec!re;w.e at$ rcduccd signincr tyovf rh. rcCcrdmlion cycl6. A toss ofrhc

adsorptrv€ capacny of rhe cebon matcriat w6 obsNed ancr six adsoQtio._nsorprion

cttlc in both ststenN. 'l he phcnol ad$,ption capacilics dsrcascd 10 a gr..rd cxrcnt in $c
satopls rcgctrchred in llect@tric auhace.

ShcDdc,r a/ a'srudtcd 
drc wct oxithtivc rcgenention (WOR) ofspcnr,owdcrcd

acrivrrcd c.rbon tpAC) md gdnut3r rciivnlcd cddon (CAC) toad.d wjlr rhe Eacliv. dr6.
;omly clciiiclive britliail btuc R &d ciblc@h rurquoiso btuc (j. A slutry (tO% w/v) of

spcDr cribon h dislillcd warcr wc oxidiz.d by wct oxid jon in fic t€mp.nluc ongc oa L0
- 250 oC usnrg oxygcn tdrriat prc$ur* bctw.d O.6t - 1.38 Mpa in auio.lav.. th. p@mt

Escncation was der.nhin d frcm a ntio of xe(Rcyx(vc), wn.c ( x.(RC) ws lhc

cquilibrim adeadon capaciry of rcgcocdr.d cebon and Xc(Vc) w6 the cquilibdun

adsolPrion capacity of virein ca6on) frcm rh€ innid a&onrion pcriod of 3 h. tr wrs

obscrycd rhal llE Egqcorion mlinty@uftd dlc ro ltFoxrd.rion ot lh. adsodarca htrng

prace on fic slrface ofcarbon, It ws po$ibtc to lcgenede ric spenr CAC dd lAC ro rhc
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cxt nr ormoE $&98% (approximalcly x(RCyX(vC) >0.98) bywetoxida$oi. Ancr lolr

cofteculivc cycl6 of adsorytion a.d rcgcnedtion using the same siock oi GAC, crdon

wcieht los obsc ed .l 200 oC w6 abour {0,4- SEM sludi€ of t}c rcgcnenlcd carbon

show€d widcning ol lhc pores lnd lo$ of stdcturc between thc adjaccnr poB. PAC was

found to bc nrore snihble as compaed with CAC for rhe ad$rtdon dnd vel oridalic

rcEcnerrion procescs ro trcat rhe aqu@us solurion conuhing lowo conccntltion ol

@hrdrolrzcd Mcrilc dye.

Brgrccv er a/ 'r studicd lhc lhcannl .cScncrrlion ol spcDl cocoDol shclfblscd

rclivdcd crbon cxliustcd wnh bydloscn slllldc aderbcnr in $@ succcssive

.dsortrio.lhcnnil rcg mlio| cyclcs. Thc rsg€n€rllion of exh.uslcd cltbon war donc by

hcoling thc safrples ,t 300oC. Thc obsencd chang€s in tn. capaciry wcrc linked to chans€s

'n 
elrfacc chcmislry .nd porcsily. H.ali.a ir air ahoAh* csullcd in thc Enoval of sullur

dioxide and oxidation ofelemotal sulfur ro sultur oxid6. All sulfur flom sdatl porcs was

rcmovcd ud 0E porc ntuctuE w6 l0 Ggcneorcd, The eutls showcd thar lhc capaciry

of$e c.rions to adsorb liydbgcn sllfidc could bc rgcner.rcd lo at ldast 3070 of its inilial

valuc

Huling cr z/ u' chemicllly regd.Fted th. stent iclivlted cadon by usiig F.hron

nehankm peloadqd wnh n.thyl cn-butyl etl|d (MTBE), Two succ*ive rc8.n.Btion

cy.les werc pcrfom.d involving ilcrativc ld$rption md oxidation proccss6: MTBE w$

ade'bcd. oxidizcd, rc{dso6.d, oxidizcd ed linally r-ddsoi!.d. Oxiddt sohrions

corhpised of hydnscn pcoxidc (H,O, (1.?-2.0%) and FeSO.7H,O (3 gL) (pH 2.5) wft

tc'cncul.rcd throusl, thc carbon column (30% b.d cxp.nsion). The Eecn@rion cflic'ency

.ncr lwo full crrlcs of trqrnenr w6 c.lculaled lo b.9t7o. Th. rcg.ncotive c6r of H,O:

cyclcwN ihocdcrlllcd. Therc w$ no losrofsoQtivccrpacily. SDEII Edlctions in carbon
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surlacc aEa .nd pore votunle !v@ dcrecled. tle lact of carbon detedorarion udcf

asg6ivc oxidatirc condidoF ras afiriblrcd b rh. oxidarion oa ri. larg.r conrahinlnrs

rchr'vc to rhe oxidilion ofcarbon !ufacc!.

arevn cr d/ 'a? d€.ronnErcd thc movat ot almznc us,ng a novcr cnrbon_blscrt

adsorbcnl to bclow ).0rg t-L .nd jr subscqucnr eterbclrenicat lcgcncratidn tD I sinDtc

el*lochcmical ccll. Ercrivc dekftnmic.l rcsamrion rv6 achidcd rvirt a (@lmcnl

time (2onrin) ov$ i nunbr oaadsorptio,eg.neration cyctes. Tn. resulrs suegesled rhdr

elaaocnmtal modificatio! of rhe p,niclllre $.f&c on cl.crtuchenicat Fgenddon

rcsulte<l in adsorprivc capeid.s $h in* 8rcald rhan odgina y a.hi€vcd.

Anit d al t43 srldjc! lne rcg.ncadon oa .ctrvlr6 cdoN u*d ro. rh.

d*mramin{ion of warq ed wsrevar.r polluled with orgeic compounds .etaled ro rhc

phdaccltical i.dustry. Thc rhcmat hcdinS of qhaustcd dtiv.lcd c.rbo.s ws pafoncd

d a qurnz i€actor. Th€ innuc.e of lb. pyrcbtsis of sdiuni.d acrivated c.rbons on thcir

.ds.?tive capacilics and poEus slrucrurc w4 evaluatcd. Tqlual chanctcriz.lion ol rhc

enprca ws cad.d oul by hctiun dmrily, N? and co: aderplion solh.m;, d rs6 lnd

0'C, rcapatively. CoDsaudvc cycles of pyrclysis of &rvalcd cdbons cxluusred with

pherol and salicylic acid gercnrcd a widening oflhc mrcdpoG y, ,nd a dccBe in tc
appllcnr BET surhcc.re6. Thc adsorptiv. capaciries for pheNt rercndon ancr a soics of
adsorpliodptrclysis cyclc wft found ro d@@sc drsrically. In contcl, conwutirc

cytlcs gnvc hirhc. salicylic ocld dsosrivo copacilics, s conrpoM ro phcnot. Th6c rcsutrs

pevidcd .videncc of $c diflMt aderption mEhdiss otpollurhc !$d fo. adsQrion,

MisR .r dl !t rgen.hlcd tle granutar activated carbon (CAC) Ioaded wirh

riinrobhoe (TNT) fld nnobcnzde (NB) in rh. pecncc ot nirrcsd, orygd, air, etom

aDd,an iir{lean mixrure, il varying rcmpcraruEs and for diffcrcnr rine intflats aor
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regcnmlion. Thc dr*lan nixlurc prcvcd io bc ih. bd rc€encding mldia lo! th.

crplosiv.-loadcd CACS Ttc rcgodarion oflhe acrivlrcd carbon w6 found to b€ abovc

35rr,lorlNlnnd $ovc 90% for NB loldcdc.rbons.

Walkd cr a/ 't srudicd rhe rcmovat of &id {ty.r, Tetiton bluc 4R, T4titon ed 28

lnd TccliloD o{ngc 3G, aronr siiglc conponeot solution by dsorption on activdrcd clrbotr

ad bonc chd. R*!lG fren lhac dpcrimcnb wcE su.csfuly modcltcd utinS La.gmuk

tnd Frcundlich islhefl analt56. NitoScn ads|Ption anatysis was arso lndcmken and

indnarcd lhlt lh. rctivar€d srbon had ! nuch highq rpcjfic surfac. rhd thc bonc chai

Cdoul.rions iovolvins rhe poo riz. dishibllion dal: indicared rh.l only l4olo of lh€ to!,I

speific surli@ of tlE etiv cd c.lbon b avlillbtc for d$rptio! du. ro lhc high nolellar

a@ and ageagarion oflh€ dyc.

Cnoy and McKoy rrr lludi.d lh. soolion oacadEi!to. coppsr and zi.c from aqu@us

slulions onto 6onc char in singlc and binary hutti-conpondt srst mr. E4uitibdum

eipernncnlal studica wc@ polomql ro dctcmine the lorption capaciry oa bonc ctw fo. €ach

nctal ion- The i$$cm cllts w@ rnalyzcd using sinele dd nutli-conpona cqnitibnum

nodch, The mrc olsorption ofthc mctat ioN onto bonc cnar wcrc sludied usnrg !n agirarc<t

balch ad$rbe. Tfu BulG of thc equitibrilm and dtc sludid rv@ prMrcd lnd dieo$d.

A sorios of 0xcd bud cohrnn slLdics wcrc pcrfonnsd rtrd lnalyzcd using . diffLEion miss

tnNpon nodcl. 'rhc cxperimcniat Bllrr sbowed a displacorcnl cftd fo, thc binary mclal

ion brcaklhrcugn cutu6.

Ko d,/ r! sludiql lhc sr?rion of copper ed crdmium iont onlo bo.c ch!! i. sin8l.

componenl systcms Ning fi xcd-b€d column.dsorbs. Thc effecc of $luion 0ow rare, initi!!

nelalion conccntmrior and bona chu panicle size w.E inve$igatcd. A nh"porc dittu3ion

mod.l wd dcvclop.d for tn. pdiction of tix.d-b.d b@klhough tuflc. Funhd dalyscs



72

ws; canicd oul for rhe invclriSation ofinfluence ofrh. qtenal nass rmnsrer cocllcient

(filn Bislaico, rhe ererivc dilrurion @cmcidr (!oE di,Iusion) aod rhe stid ph6e

loading capacity. lt wa found ihat fil difi$iond rcsisrlncce6 towlndlncBiol numb€B

vcE rclativcly high. Funhcnnorq conslaD! crelivc poE diffusivny ws nol sumcisr lo

corelare $c brcatthreugh cw6 ,@unr.ty &d a wiabtc depodenr .tt criv. ditlusjvny

wts cquned. ThcrefoE ,r ws sugg6rco a!. surlde difiulion

Ch€ug c/ d/ rJr cdicd o rhc.deQrion ofodmiofr ions onlo bone char using a

bll.h aderbcr. Tnc expcrimc.lal dala ws anallz€d by tour sorption kin.ric 6odck, $€

pseudo-firsr.oder, rh€ Rilchic smnd ordd, rre hodificd seond ordd and thc Elovjch

cqMdons, lo dctcmine thc bel-fir .quation for thc srption of nclal ioG onro bonc che.

Thc best-fir equilion was idcnlified using the sun of the c@s squtred (.tSE), Finalty,

cquilibrium studics werc usd to evatuar. lhc sorprio. cap&ity of bonc char for cadmium

ioft and expcrimcnlal rcfllG showat rhis lo bc 0.57,, olt, al an .qui[bnum sohtion

conccnk ion oa 3.O n'"o/ d,r-r. Sirrce lh. erytion capsiry was rcl.tivcty higb, bonc .har

crn Lc coNidcrcd rs a ruirrblc erbcnt aor thc rdsoolion of cidmiro in visr.w.rq

Ko a/,/ rrl sfudicd llr. soDtion of cot'IJd drd cxdrnnn ions in I ljxcd,hcd colunrn

wirh d rmnr rccd .onccnhrions. now !ar$.nd adjollc pdick sizs (bo;e chm). pito!

prant dpqiincntal srudics wcrc pqfomcd.nd lwo sinplified d6ign mod€ls, nmcly, dc

BDST modcl dd EBRT Malysis wc6 uscd for lfi. dlla @lysjs. Ncw @rchdons,

inconoratins rrine-depcndcnl r€m werc d.vclop.d rocompensatc ao! the rinerequircd for

lhc bcd to nchicw .quilibriuh srttion c.p..irt Fimlly, predi.rjou of thc op.ErihS tin6

or thc EBRT plols werc corclarcd for lhc lwo neral ion $rPrion systcms uscd.
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' Ravirumar er a/r5J cufticd out rhc d@otorizariotr of Reacriw rcd 3CL and Acid

boq 2t fon aqu@us sotolion by dre ad$rprion tah.iquc on b,b.id ldso6ml of c.don

and fly8h (l:l) wilh eE ecr ro pH, tenpeniur., panicte size and rjme The oplimun pH,

lcmp€ralurc. pmicl€ sizc 4nd inE wcc found lo bc t0.8,59.25oC,0.0525nh, and

395 nin. rcspccti;.|, for rcacrive cd 3CL and 6osc tor ic|d brwn 29 weE L4, 2?.J oC,

0.0515 mm ir1d 285 nrir, rcsD@rively. Conrplct€ rcmovlt (lol)%) was obscrvcd tor bottr rtE

dy6 6ing $. hybrid adso.bcnl.

Malkoc a al rs srudjcd rhc adeqlion effcie.cy ot waste of a r€a tacbry f@m nickct

conrannng 
'|qrcous$tuLions 

was invedgarcd. Al cxpcriDcnls wcrc cooduchd h lircd-bcd

cotumro. Erp{rimd6 wcrc qri.d our d a funcrion ot Lquid now 6rc (;.2omuhin),

inirid Ni'r corccntr.lon (50-2OO mgl), bdd heighl (lO-30 on), pH of fecd solurioi (2,0_

5.0) &d plnicb siz{0.t5-0,251o r.O-3.0 om) of aderbcnc Tnc loral ad$rbc<t quhtitis,

.guilibriuo uprak6 and rolct rcnovd p.rc6c oaNi" ckr.d b rhq cmlc.r vorun6 wR
dctemnrcd by cvlluating the brcakh,ouSh cunes obrained ar difcr.nr flow 6t€s, differcDt

intcr Ni'': coiccirdions, dillcr pH vrtus. diftcrcnl bdt hcight and difIcmr paniclc sirc

ror wcle lca, Ths loogesr brdklhough limc.nd daxinrun ofNi,raderption was obhined

drpl.l4.0.Dccrc.*inttrcDa iclcsizctoDl.G3.Oro0,t5O.25,,,rcsuhdlihsjsnificaDl

itrct!@ in rh. hrtcd vot!n., brcahnougn rine &d b€d c.plcity. Th.6ults show that rh.

collnn pelfomcd w€1] ar lowest flov 6rc, Also, colunn bcd cap&ity and exhaustion tihe

incBed wnh jicr@ing bcd heigni Whdl rhe iniiial Ni., concenhtons w€e incrc.s€rl

frm 50 b 200 ng1l, rlE @EeQonding adlorption b.d c6p.cily {pp@rcd ro incrdc tom

7.31 ro I l 17 hg/g. Thc bed deplh sfljce rime (BDST) .bdeled ih. Thomas nodqt were

uscd 10 edy4 the dpcrincnht dar. &d rhc nodcl p.6ncre6 w@ evaluar.d. c@d

a8rc€nr€nt ofthc cxpclnnollt b@krloueh .upes with lh€ modet prcdic ons was obscped.
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Sonmtry ol rwl.r ol licntrft: Tl s disna(on p6sr a rcv.l d . .boul rbe

chamclcrizirion ind rcgmdlion ofc..bonization subshlc praducc tDr biolic pe!e6
andits $. for fte w.srewalr r@rm.nr, Thc in.ovative el @enr o I rhc p r.s.nt wort is given

I Thc dcliv cd carbon was prcparcd ar 300 !C lo IOOO 
oC cadorizrljotr ternperarurc

foh such rype of prccuers which eer nor reDorlcd .zni.r i,c. panlownia

to,t.ktosq Poprhs.aspi.o, rlihnthut atissiuo a".l Suh,!.lom ol@itl6,
2. Thc BET s!.face aE6 of lhc pEpord c.rbons were d€lemin€d .nd ftcn eportcd.

3. Thc naxrc ofcrrbon su.aa@ aunclionlliliB wcrc dctcmi..d by Frtn spero$opy
and lhc results showed rhal $. co6on snrface acquiGd icidic chadcrcr wnh

cdrboxylic, c$er clc Brcups, Thc cfl6r of &livatjon rcmpcdtlE on th. surtace

funcrional 8rcups wrs also .tudi.d, Such lrend neirh.r Gpoited by .arlier

4. ltr XRD lhc ph66 on the surf.cc ofclrhon wft d.hin.d which w.!. no1 rcponed

5- In EDS rhc %.toni; carbon wcG dcrcditr.<l in difl@n( &riv.rcd c.i6on spl6
. which dcd that wilh thc inca& in a.drdion rdpdatuc thc c.rbon @ld|J

incEaa wbile oxlBd conraE ddF46 which is rotally ncw,

6. Thc pEpacd a.tivat d carhon smpl$ sce th.n ued for mov.l ofdycs i,.. rcid
bluc I, BrilliaDl6luc R, acid ycllow 29, ncid rrllow 34. acid orongc 7 Nd !c onnBc

l0 for rlrc prcseir sludy nd was uscd fot lhe U6t time and nor reponcdcartie!.

7. AdsoDtion kincli.sstudics wcE clriel out ar IOoCaDd 45 oC 
ond vario$ initial d'€

concmtntions ao. di|Ieht pdiods (if, r@nds) qft !s.d which arc ror.Iy

8. Diff@nt kinctic.qnarions such d liBl ordcr, Bdghan dd pffibdic diffusjon lav
tor $c d.rivaion of vanoG kincrhs constmG. Tnmodynanic pa!!n.t n tike

smM! Oibbs fiee enersy (AG"), srlnddd enrhalpy (^r") rnd sianddrd snropy

. (Af)wdc clrfuard fron rhc innovarivcdrra.

9. Equilibriln dalavs a.alrzcd by Frcundlcn, Langmun md DR ierhcms.
.r0- Tlc stot carbon corr4|ed frcn tlF FUI Cor" compt8 No,!r.E wa3 rcgn@ted
' and tlEn thc adsorplio. prepcni4 w.rc invcsrig.tcd which ws nor Egmmrcd
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3. MATERIAL AND METHODS

3.1. Adsorbent

3!1.1. Ptepatutio" oJ cdtbo"

?he sourcc ratqials nsed v@ of rhc wood ot planr, aE siv€n in rabtc j.4 .nd

Anjmnl boncs wft cotte|qt md harrt conrinuousty ao. 8 houG on a flamc bumcr in ,
spccislly design€d ilor conlainr with an olrl.t tor lhe emisior ofvolatile tuarc!. C.rbon

obhincd ( our hhlfofthc miss ofwdod nscd) was coolcd irr rhc conhnicr ind srcund wirh

lhc hclp ofpGlle ed monar and scamcd wilh US st ndards m6h IJO,I80 I m. tr w6 tn€n

k ded wirh 0.5 M oqucous eloron or KOH for 24 hou6 rviln @c6jonal stifting. The

mixlurcwNlhcn fihcrcdandwrshcd wirh doubte dndlcd warcr tor lhe conrpleo rctoovotof

b.ricily. The cdrbon wos llEn terchal srlh 3hndard O.2N nrric acid ond hyd,ochtoric ocid

&rlLions rhe dio of r : r , !r@ar.d fron conqtratcd nitric .cid dd hydichtodc eid
(70% md 36%, M@k r.Aarivety) dd .llo*!d to srdd for 24 houc al @m tdp.Bturc

w'rh regular nixing. I! *as rhen filt€rcd and wshed wi$ dolble distilred warr until fd
frcm Cl dd NOiions, Theca6on rhus obrainc<t w6 rhch lir_dricd in e ovcn.l 105 +2t.
Tlis rdtcd cnbon ws ttrm .xr-aclcd wirh n-hqde for rm holB in a $rhlcl qltulor dd
lllowcd lo dry fm 8 holB in a vaculm oe... The sdple w!, $cn dcgsed by pl.cinS in

silio (SiOt lubes and hcated rl 4OO .nd 8OO oC in a rube fumace (FS 215 Ca cnLa p

EnSl.nd) wi$ a vacuuh facilny. The saoplB thus obtained wcrc allowed ro @ol ond ,tored

urccr n'mgo atoosphcr.. The shdslic di.gm oI$c pcpaorion of acdErcd carton is



i6

@""--

Figurc-3.7r Prcpanrion ofactiva&d.a6on frcn sourcc irE,enaa



31

Ll.2, R.g.ticrllior ofsp. cnfio"

. Srf, clnFn in slurry fom coucctcd fmm Fuja @d complq B sGkcd in do$te

dislilled warcr for 24 hous and thcn dded !I lO0 oC * I .C in m oven. nc crrbon when

coolcd, w6 Bround wnh $c hclp of p+silc dd mortar and scrcned wirh US emdards msh

150-180 /r-. Thc ncshed crb.n m tho rt a1ed wnh $od.rd O.2N nnric .cid and

hydrochloic mid solulions in lhc rario of lrl, pepared frcm @ncenrat.d nnric acid and

hydrcchloric ocid (70% ond 36%, Mcet ep.div.ly) lnd .llow.d lo srand for 24 houB at

oom rdpcrature with reEular nixine. Il B tho filrcEd ed @hed wi$ doubledi3riltcd

wal*untillre fon Cl ard NOiiois. nr carbon thus obrained s6 6ir.dd€d inan ovcn at

lot,r 2oC. This r@red cd6on E rh€n.x$.cted wiLh nnEMre tor rM houc ,n a sorhkt

.xl6clor and.llovcd ro dry tor 8 hou4 inavocumovcn. Tne snpl€ ws lh€n subjccrcd lo

lhcmal teimcnr by rating ir jn a silid tubc orencd at borh ends, dd placed in a tubc

fumee {FS, 215 callenk@p EnSlod) at too - IOOO 
oC, $ch lhat.r rrc one end air w

intbduced al low pressure for oxidarion tud ai the oth.r cnd rhe comblsdblc hauc! w.s

crrillcd. mc cnrhon Nis ricn ltlowcd lo cml .nd rho rmnstcNt 10 i {tr&arsil* sitic. tubr

h.v'ns onc c d closed and drc olhcr ruchcd ro a vaclunr. Tlr dcsassing us dotrc.i IOO _

1000'c iD a rrbr runrrcc for otrc lDur. Thc.ctivalcd carbon emptcs wcrc sloed uMcr

nitregs .inDsphcrc. The egcn.nlion layolt is givcn in Figurc,l.8 and 3,9.
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riq"*r. e. Sch*"'n .p;t*b- tor rho dshd on ottpdr otun
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.!.1.J ChrrrcrcriArion or!dsorben. re

Onc s8D of the .ctivrrcd qrbon smtle w4 ratm io I I OO cmr b€,ler and addcd j0

cmr of f6hly boilcd d c@lcdlo2dCCO, t@ doubtc disrilcd warcr. Ttc suspensio. was

uniromly ffixed and tH oflh€ suspension wd nqsuEd by prr ncrer wirh conbincd gl.ss

t. l. 3.2 Mohtte con tehts

One gdm ofcarbon sample wc taka in a china dish md cov@d wilh a walch gtss

.|ld then he cd in i v.cuum oven rr lO5+2oC aor two hours, The china dish havin8 rhc

carbon con&nts *ss cooled in a desic,ror aDd wcighcd. Th. plocodure *6 lepealcd rhec

limcs for rhc sanc satoplG umit o cotutdt cquiUbnun rvcighl w4 ataincd. Tbc pcrcnl

\y.i8hl lG ws lhcn c.lculared s p@dr fE ooistw.

weight loss during h.dring
wcigbt olsanple 100 (l)

One gm ofcarbon smpte sts |alo in a porcelaitr crocibtc.nd igniled .l 600 'C in

r Mumc fumlcc with Lhc door pdniolty opcn, ro prcvidc good circut.rion ofan until $c

catboD has bccn conrplorcly bm.d. And ignirion lhe cruciblc was auowcd lo c@l in rhc

Cumacc and Etr lonrfcnd lo a dBiccltor. wdetu ot th. c@tcd cru.iblc ws lhcn

dctcmincd. Tl'c DbccJurc rvs Epc cd tmcrt,lhre lim6) unrit ! consbnt equitibriln

wcishtwas obtaincd. Thc pelccnr wcishr loss w4 rhen calcular.d,

\\€jgrr ofashAslt content (70)=
$Ei8ht ofsample

100 (2)



250 cNJ gradnared c/ndcr containing walcr and one g6m or carbon sample was

wcishud.'lhc cylindDr lnd rhc conrcnts w.rc nvoidcd ftom iny agilalion bctorc wcighing,

Thc uppffcnt dcnsity was c.lcutatcd by dividins dE wcighl ot tlre corbon in srrm by $c

v!lumc olsinrDlc in cmr.

BET-N? ad$rplion dplrincnls wcrc cdicd out odonelncalty at ,196 oC laing

Qlantmhronc NOVA 2200 surf&e arca and pore iizo analyzq_ Sur&c. .rca wds obrained

by applying dic sirndard BET cquation lo th. adslprion dari in rhc rtarivc prcsur (ppo)

nngcr0.05 - 0.85. The valus ofo.8t I cm-r and t6.2 x l0 & m: were uscd to! thc dcnsiiy of

ljquid nitrcgcn and $e molautd aq ofadsorbst. nnogen al lt6 !C, rcapedv.ly, Thc

porc sia disribuliotr w6 detcnircd by DR m.thod sing rhc Nov.Win2 dala anatlsis

3.1.3,6, X-tals tilJraction (xRD)

X{ry dilfractonrctcr (Rig*u) wrs $cd to Nord X{rys nxcnsittcs slllcrld trcm

$cbxrnritrcd cirDon s:nrptcs. Cu K.6di.(ion(35 KV,20 mA) wls uscd $ an X-tuy sotrrcc.

Sdplcs wce Dlct.d inro a reldeulrr c.viry in d aluDinum holdd and s&n.{r i, a slep-

*an modc (0,051dep) ovcr lhc dsutar 6ng! oa ?,j0. (24. Thc obscrycd inrcn.ir, cudc

wa oblanrcd in .rbihry unit (CPS). Th. samplc spdlra wcre anary*d wnh lh. hclp of

origin 50 XRD codputerson warc.



Ttusnrkrion infnrcd spcrra ofthc carbon sdpt6 wde obhincd by uring E2olpc

Shimadzu Fonricr Trrnsfom Infiared Sperrcphoron.tr along wirh FrCOM-t cohputr

conhl disc !nir. Thc alkati halide (KBr) pel€t t@hnjque wd us.d. por4ium brcmidc

(Spctrc$l ADH). w6 wcl dri.d dd ,torcd in a wcuum d*icdtor bcfoe use. Thc lampte

wrs erornd Jnd vrcuum dncd (l tO.C and tO ron). vff.ou! mrios of clbon rnd polssrum

brctoidc wc.c ricd, unlil sp.crrun rvith d aecptabl€ rcsrutDn w6 obtained. Tbc 16l

showcd tfid rlrc r.rio ofc.don ro por.$ium bmmide was b.sr at l:l (w:w),Irr rhc procodurc

lhc carbon ihrplc of rppoxiDarcly t-5 n8 w6 corccuy wcrgbed 0n<r lhen mixcd w;dl

PotNrun bronridc. This nixrtrrc wa tincrypulverikd porellin conrdnrancr which nE
pclltt ofecishing ?O+2 nrg Nar trardrncsscd in a t3 nrn drc ror 4-5 nrinurcs !ndc, i told of
l0 tonr Thc rcsulting pell.r ws O,5mn $ick. Sincc porasriln bonide is hysb$oric, rhe

pcllct wasdricd in a vacuum oven (llOqC,lO tor). 11was folnd rhat dlyiog lhe pcllcl fo! 12

hours hovcd aU derectabtc lEc6 ofwdci The pcllcr Na dned ovenright and k.pr in a

voculo dGrcnlor b r.ccp.wny ro any moi$!rc absrUion. Ttrc lR dberpriotr brDds ot.

llrc sonphs wlrc oblrincd ir ltrc rcgiotr ot5OO-4500 cnir.

Scaniitrg clecron nicoghphs of lhc smptes w.rc obtained by mounling Oc samptc

on aluninum di$s (l cm : o.2t cn) &d by using $ann,ns €r*!oi mrcG@pc (sEM_

ModcfJSM-59I0, Japan IEOL) wilh encrgy d*pe6ive specrrum (rjDs -rNCA 200 Oxfod

I'srtunr€nts) lor sledent' I anatysis.
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3.2. Adsorbate

Thc ldsrbarca led wE ripl$ylrn 0e rnd @ dtq\ supptidby SstutAnch

(Mitvluke!. UsA). Thc at@l< solutiois of 1h. dys wrc ptcplEd frco which rhc slddad

*orking lolurions wc'. pFpaEd in doubty disrill€d wrcr. Thc .hmical s!ruciuE dd lE.tq

l|,ft t*d of ach drr b stom betow (A-F).

calalosuc No. = 19,821,

Dy. c@r6B = 5W.,

Fodula wighr = 566.08

7..-. = 635on

.tKn = 1,9t5!loi
cHfH:\lHlcHJ

cHrcHi

f')
il

r^-lh
"/v.  

' FiguF3.l: Ctdicd $rEluE of sit b|[ !

D.. Brllll.ntblucR

Carlloarc No. - j7,920

Dre@nrc ! = SW.,

Fomuta wi8ht = E25.99

- 588ru
pK. - 7,94rt01
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D.

PK.

t(4ts

2t,016{

@A

559.9E

2.82,lO'1

20,200-2

4t4.Et

5.01 , roi

Figuc-3.3r Chcdicrl r|r@rurc ol&fi yctto* 2t



Figrc3.4: Chcmhl rrucrG of lcit yelbw 34

r9,52i-5

90Yr.

350.13

86. t28-6

452,38

5.62 ' lo'7

Figuca.s: Chemirl sEucturc of acii otuAe 7F. Acid blu. onlgc l0

Fbu@3.6: Chcmiel sructure of aci., omnge I o



3.3. Adsorption studies

O,2goacrrbon s.nrpl€ was lakon in o 3qi6 ofseven rc.geni bodes and 2ocmr ofdye

solutionwas oddcd lo dch.Twodif.rcnl inilidconcerlrliionoathedttwcrc|akcn lor c!.h

cibon $milc o.blc 3. I ). Tie conrqE of rhc boitld wcrc shakcn i! tlEmo al.d w.t€r

blth sh*cs lt 25'C (Gallenlomp Bnl. Prl. No. 882942) for dirqdt timc p.riod of 0 5, I ,

2, 4, 6 .nd 8 hour lsing Tnc pH wrs nol.d b.foE and .fter tnc shaking pcriod wilh pH

mctcr. Thc alirry in each flask was filr.ed thrcugh o.dinary filter pap.r, discslding lhc first

5 cmr porlion of ihe filrd.. Ih. clcs filtatc wds th€. analtz.d lor dF clidudl

concc radon otdyc.ohr6t3 by lv-visiblc lp.ctrophotoDct€r. Blsk dolcdlinttions wete

pcrfomcd undcr simihr qp€nm.nlal conditions, Th. amounl ofdyc ad!o6.d (Dc,'olS-,

wGcalcul.rol r'.

^ D.-D.,,
"' = r,/

45

\arrc D" did D" rfe lh€ concdhrion of dyc in solulioh (noldnll) .i l=0 nnd l=l

!6Fcclively, V is tbc volume olsoluion and W is lhewciehl ofcad,on,

(3)

Tnblc3,l lnlli.l con.cnrr.iiot ofdy.r for lhc oqullibriun dmc on ctrbor slmnlct

Inirial coic.ntErion ofrhe dycs r,r9&@lA!lD
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0.2g c bdn sampte ws lalcn in sydrg. fitted with 0.2//d tilt r paper adoprcr

(Hmillotr CO.: Rc& Ncvada).&r 2ocnrJ otdy! soturio. or initilt @&cnb.rion s srDvn in

Trble 3.3 ws .dd.d lo the slringc. Tnc cont6r5 oflh€ lingc wcrc ehakcn ar rdc ed
45t lor the duration of5, t0, t5,20,25 and 30 saondr upcclvcty. Thc slurry vas filt.i.d

'housh 
llr srnc s)dn8e pH w6 norcd bctorc and an.r fithrion srlh pH mere,. fte ct.ar

filrralc w6 (hcn datlzcd ior rhc Bidurt conc.nlErion oldyc conba by uv_visibtc

sinlrcphoromdcr. TtE amo@. ordy. adsoden (Do nols, w.s rhcn cltcutared.

T.b.lc 3.r hltlrl o..cirrrdo" ofdy$ forttHd$.ptton kincdcs or.lrbon smptc.

tJ.J- Adlorp.lor lsot[crm

' 2o.mr oldyc slorion of diffcrcnr @ncdtBrion (TtutcJ.]) wcrc r.kcn in a*ri6of
rcagenr botrhs cach.onrainingO.2goacarbon, Thcbolltes weE rhcn shakcn in rhemonatcd

w er bath shqkcr l0 "C and 45 "C for 2 houcquilibdun tinrc. Thc stud.s werc rho fihercd

rhroush ordiMry filrcr Dapcr by discaiding rhc firsl5 cmr ponion of lhc fillEE. fic filtElc

wa lxd &alrz.d for rhc dlt concdFrlior using uv-v,s. spdtrcphoroncrcr.

Innid conerqarion of Lhe dy;r,,tt];li5



Trblc3.3lrlrlnl conccnolilotr ofd]$ for rd$rprion ilottrcnn on carbotr $nrplcs

3.3.4. waj. udt r !rcatu.tl(@tun,n ,turr)
. Conrinxols adsorttion ap€rimcnts w.E pe.fom..t by Bins a @tumn packcd wnh

the activalcd carbon. cl8scotunns vith a glas die having pores of sDfr di.mclq, fixsd at

lhe boLlon of q.n lor supponins rhc ordin.ry fitler papd, w* d6igncd. Tne cotunn w6
u*d for r.moval oady. in 3ohrion sd th. hana ncr.h flom rhc indlll.ial .fiucnlJ of
Omarglass induslry in tshawar.

TIE yasr.w cr sanptc v$ @uccrcd frefr Onr gr.$ inlBlry ii ctc$ potycrhytcnc

bodlc. Thc wslcwd* $mptc ws lt6t fitrcred for lhc rcfrovit ofthc sBpcndcd plnictcs

lhDush ordirruy nllcrprlcr bydi$ardinSrhc firsr 5nn, ftc fixnrcwls ldjstcd 16 pH 5.5

by fte dop wisc addirion of 0.o l M HCI:HNOr (l : l ) slu on, md aialrz.d for Nir, zi.r
and Cu"byaronic absor ion specrrom.rry. Th! wolking lotutioi oi eid blue I (l.o x 1O.r

&/:r',y') ws pEpaed fron ln€ sbck elurion. On. of rlE collnn w6 p&ked with 48 of
qalbon etivarc{ a1400 uC .nd lne olh€r with carbon lcrivat€d at 800 .C, Dye solution .
theinduslrial Nlge walerwas p6sed tbrugh th€ colunns al rhc now Elc of5nl nin-i. The

oulflow sanplcs were thcn co cred !ft.r cach 5 ninuie !p lo 90 minute robl rinq .nd

{nal}zed for irck rcsiduatconccnrmlion ofrhc nelat ions.

Iniriri @ncohrion of dy6 (Drr.?,i,
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Figw.-1 .1 Di:agrotrrdi rep€sertdth ot cotum sludv

Tlr€ following rcasenh of aDalyrical gradcs wcre lsed io thc srudy.

. I lydrochloric acid (16%)

. ?oldlsium hydloxid.

Tablc 3.4l,lntrk 8dl $ wood sotrr.c fofthc prcnrntion otoc{lrtcd mrbon
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Table 4,2 Surlac. ar.r,nd porc sia dbaribrrior oI.r zno porc s* dBtnDruor 0r carDon hm

5
AET

arH

::

$!

.g

I

I
s

i!
€!

g
{
€
€

;
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Trblc 4.3 S!rflce area.trd Dor. si4 diltriburior ofclrbon rrnDl

:.

6

B

t
I
E

E
g

231.51

r. c6- mb =-ata6 ( kli eD!L' ' o err/c, sr,tu!
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FbE 4.2 FT|r 
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FlglE 4.J FTIR !p4r. ofqr€rr (CC) elt.n {epte! (d It.% (b) a& rc, (.) roo t



55

tD!

t

s

Ir.) "dt
rA2

t5l

" "td:-'*'

ligel.aFIR.'.fi of,irrde.dirrb(A )ct6srt (r)R.*,Oa{OlC,(c),00t.





51

a

.E

i

o



,",.-. 
"; 

J.E;i,fl [iffi,"m.ff#j36Hfi fi . q o,* "



59

I
E

*

FI

t,t
I

ol

II

,"1{il

r-TI

I



60

E
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rjiB@ 4.6 rrr'rR rD.jch or'ElqHrcd (RG) dbotsptd aa) sFr (b)t00 tttroo-tGia-Gid-ic
(f) 800 t
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PlaF 4. I SE V nicbgrlphr of p@top,i, ron.,/6a (pT) srwEd c&bon

l'rut 4.2 SBM hicreg.dDhs of/'op,tu uspiat (to)c linsamDt s
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t-..=

Phle 4.r SEM micos?ph of Cor,4,b (CC) carbo. spl6

Pl.r. 44 sEM nicolnplB of,lJldr8 ortu l@ (AA) cdno 6pl.



Plolc 4.5 SDM oicro8hphs ol&/k./ora o/.ori./er (SO) cdbon smDtcs

65

PlaE 4.6 sEM mimgaph! of csa@r.d (RG) c6.bon spt.s

!:F
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Plale 4.7 sEM dicographs ofdin.l bora chdcoal (ABC) sdpl6.

Plolc4.3 SDM nricNgraphs ofdycs lnq ldsQrion on c&bun smrp'es
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Tll,lc 4,4 EDS nnotyrB orcnrbon ldmpts
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4. RESULTS AND DISCUSSION

Low cosr !8nc{ltural wale rcol,,.orr-cc). wood of fts rparlo\qi| tonqroe-

Pi Po\hts dtspi.d.Pc, ,4tltuthB altissi a-tn, Salvatol or@,.ra,So, dd.nimal bon6

wcrc lrilizcd for thc prcp&ition oflcrivarcd c.rbon, Irdusrial spenl carbon ot trrt C,r,

Mpld Noeshetu ws rcE n@rcd. Thc a.npl6 wd chaEctqizcd b, &r@ining

moistu!. co.lent, pH, ash co.lctrt, bul* dmsily, surf&! !r.a (BET, DR, BJH. L!ngnui!),

poE 5ia di$nbllion, FTIR, mS, XRD ad SEM snalr6k_ Adso+tion oa rlE <rr!s (acid btu.

I, brilli.ntbl!€ R, acid y€llow 29, acid Fllow 34, acid oFn8. ? and acid o@ge lO) on th.

cotuon sahpld wis caricd oDr at IOPC and 45oC_ Ad$rprion kin€rjc models offid ord6,

Besham, imdDrnicl€ difusion (pdbotic l.w) ud .quilibdun .d5oDtion nod.l, of

FleuDdlich, Lansmui!, and DR wcr€ used ro ahallz. rhc adsorption dala. Thc cotlmn

ad&rpr'on method (b@k thmud r*hniquc) 6 ucd for rh. lcid btuc I and rrQrmor of

4. t. Ch amd.riatio" oJ a dsofitnl

Moislnrc coiilcm of rlr itivatcd clrbon sihplB wcr. touod to bc nr Oc nnSc 0.001-

2.2%, Wilh rhc in.rsse in .ctivarion lmpcotlrc rhe % noisor€ dccrc..6 (Tablc 4.1). A{

llre lclivntion tenlpcFrure of400 qC,lhc 
noisluF lG! ws found lo b. RC (92%), AA

(60./r, SO (447.), ?C (43%), yt l25yo), BC (2@h) Nd CC (9?.,6) a Mp.r.d ro ft€

rcap@ vcRawsamPle.
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pH for.ll c.6on sadple inc@s with incre4e in rdivarion |enD.EruE (T.ble

4.1). Thc RCsatoplchls valuc oancrnculEl pH i,e.6.3t,?.51. All olhsr sampls have pH

in lhc alkaline ratrgc of6.85 to 11.490. This n asc.ib.d lo a d*lcase in thc poldrityofca6on

surf.cc, a well as rhe d*omposition dd dolution ofenc of tb. acidic oxygd soraacc

funclional groups.

1,1.3. Aslt antenl

Ash is lhc aiduc of nincml nat€r p@.t in rh€ oaluial. HiBh sh conral va

found ii lhe samplc ofSO {68.4'46,3%) and RC (50,1-25%), Whilc d1o rost ol lhe samplcs

hrv. lelalivcly lcs ash contents (3.00 - 12.4"/t s shown in Tlblc4,l.

The bulk dcnsiti6 oflhc clrbon smpl6 weE found lo be h lhc dnscr 465165

kymr (Trble 4.1), TIE bone cheoil sampl€ h.v. hish bulk dqetr* du. b lhc 
"mnce 

ol

nin.ol hydoxyspetil€. Tnc bulk deNity ofsamplcs d.cGsrs wi$ increac of activation

tcdpcdtu6 duc |o rh..nission ofthcvolatilc n.ltcr duins a.tiv.rior

Tbcsrrfacc irqofdEcitbon soplcs wcrc dctcnnincd by BET, BJU, LmSnrutr ond

DR mclhods and m givd in Tablc 4-2 rnd 4.1. The BET surface area {m'? gi) is one ol

th€ most widely known methods associatad wlth ca6on Thc BET cqlation is givcn bv

l c-llP I (4.1)
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Wherc W i! thc w€ighl ofga adlorbcd tt. Elativc pEsurc, P/Po and W. is rhe

wcidl of.dsod c consrituting a momlayd covmgg The rm C, the BET C @oru4 is

cllred !o rhe cncrgy of.d$rprion in th. fiBr.d5o.b.d llycr &d @F.qEntty it valueis d
iDdicalion oatlE nagniludc oflhc adsrbdt/adsrb.t. inl.@lioF. Th. rlandard m iipoint

BET nclhod reqris a minimum of rnreq poihc in d:c lpprcprialc rclativq prcsslr. onge,

rh. weight of . moiolayr of ldsorbdr. w. can thd b! obraincd frcn $! slop€ and

int€epl oalh. BET plot. Fbm .quaiion (4.1):

- c-l
tf_c

(4.2)

(4.3)

Thus, r\c weid of a nonolay.r w- c& b. obt ir.d by conbinins.qurionr {2) .nd (3).

(4.4)

(4.t

v.c

Thc lotrl surficc nrc. Sr ol $c snmDl€ crn bc cxtrc$cd .sr

,='-f
whcrc N k Avogado's numbcr (6.023 I ld).nd lvt is thc moldul.r ecisl{ oa lhc

.dsorb.te .d C is cos slional .rca of nilrcso 3ns 06.2 Arhol) Thc niroBcn

ad$rytion isolhcm! for rll cdbon smples wcrc dltcrnined dd il wa fornd thar lll cury.s

cxhibit l,1'c I i$(hcm which arc chamclcdzed by uiinolcculor dsorttion dnd atplies lo

nicopoous ad$tb.nl wirh small poE !i43 r:!
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' Surfac aaa (SoE) rrt of thc alt c.rbon shpt6 wcc obrain.d by ploning

vw(Pd/P)-ll a$iD$ P/% ortic Nr adsrpdon &d $c vltos egivcn ih Tablc 4.2 Md 4.1.

,^s indicatcd by dr6c rcalhs, rhc SO carbon and cscncErld carbon ns high surfacc ar€a oa

58? m:,,g and 418 m2.B:r, rctiurcd d 8OO,C Tbc surfic. urca orother carbon acrivaled ol

300 'C .rc, PT carbon (2tt m,. g ), pC (398,2t fi:. gr), CC corbon (412 nr:. g'), AA

cd)on 687 m:. 9 ) ond BC (140,23 ni. er). Thasc vltuc! wcrc conrporcd wirh rhc BET

surfacclreaoaChinaCAcomnerciatclrbon(560,44 h:, gr) ind found rtrar.$€ slrfee aEa

ofSO carbon is gEald lhan China cdbon by 27 m:. gr, The surf&c ar.a ofother caiboh

sampl€s were.lowr rhan rhc comncrht Chjna cA s, pT (314 n,. s'), pc 062 mr. gr),

CC c.rbon (148 nr:. sr). AA crlboi (t73 nr, gr) RC ctrbo. (r42 o?. gr) and BC (420,21

m'z. g'r). Thc surf&e arca (s0lt wrs fowd to ilct.s v h rhc incr4$ in erivarion

tcnp@turc (Table 4.2 md a.l). During acrivrtio! thc btind poc op6.d! which in tum

inc@ the pobsny md surface ae. of rh. smpl6. A high non-polar su.aacc at hieh

tcmpe6iurc is eolner 6on for high surf&. !E is duc to rlE f&t lhar po'd fnncrional

grcuPs silualed al lhepore op.oine cmit and lc.ving lhc surface rvilh rvid€ r,oEvolLrmc's.

Porcsily c.n also bc trcdicrcrl ilDr rlc Nr dsoQrioD isorhcm$.'lt?c I iethcmrs

wcre obtained for all carbon sanDlcs (Tabl.4.l .nd 4.2). Srcn ryp6 df kodroB {e

concrvc lo llrc P/Pq rxis and N: nptrtc is govcmcd by r@cssibh micrcnorcs v6h'mc mlhs

lh.n thc inleml surfocc area. Such r belavior wos ob$rycd for allthe enples indicatinglh€

porous sttu lures. 'lhe results in Table 4,2 and 4,3 shows thal activarion knpe.aruE has a

sisnilicrnt crccr on porc volumc md nEEls* wnh $c incrcrsc in octivation lcmpcnlurc-

Tbe nicrcpor€ volume (cnr.g5 ofall soo'C aclivatcd ca6on smpl6 w@ foun<l s o.2l

for > Pc, 0-220 > SO. RG. 0.2 | for CC > O.2O aor AA > O,l l aor PT > O.IOO aor r\BC. Thc
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rrcsoporos voluns Gtor.s-l) of carbon saDplB dor.min€d by BJH nr€tlrod werc fourd in

rc scqucncc:0.170lorso> 0.360aoraBc> 0.320 tor AA >o.rl0ldrRc > 0.250 for cc
> 0.230 lor PC > 0.210 aor pT. ft incHs in por. volune rvith rise in aclivarion

rcmpcrnturc E duc lo by rcdoval ofthc t r as lotllilc oa(cr ural rv.s lBpped in lh€ pobus

Thc surfacc a.ca ofall cafton sampl., w@ dcr.mi.cd by,pplying rbe DR cqu ion

ty plod,tg volunc ade'6en (cnl_ sr) vs. ro8: (p/P.) dd the rcsutb 4 siv€n in Tabrc 4.2

and 4.3. Thc surfac€ area (mr.gr) of8OO'C rctivarcd clrbon sahples w€rc conparcd lnd

aorn.l I, PC.as > SO 6!m > Rc d: 16 > CC,1$ > AA $,60 > BC lsrThc surficc arc.

of cach soNplc was conrprrcd wirh DR surftcc arc. 0!:.gr) of china BA commcrcill

adjvslcd ca.bon (806.19) e<l found rhal th. surf.c. ea of our smpt6 are tovsr lhM

Chinr GA c bon c, PC(l6l.51),SO (l8r.3r), RC (t94.03), CC (214.t9). AA (246.5).nd

BC 4bt.84). Tle nicrepoe votumc $,6 eduarcd by applrug rhc DR eqution and wd

6lim.tcd fen fte i.rd.€pi ofstEighr tin6, Tn. Esutti aE sivcn in Tab'e,4.2 and 4.3, Th.

dlla shows lhrl vhcn ftc rctivalion tcnlt.nlurc incrcscs lle nricmporc vonhc incrci.cs,

A! 800 "C acliva(on Enrperaturo tle PT calbotr saDpl6 ws tbund ro bc a hish nicrcporc

volunE (0.210 cnlg ). The nicropore lolumc (cml 8 
r) 

oa olhd snples wee found s. SO

on >RCo*>CCo, >AAo:6>PTor >BCo e.

1.1,6, FflR Shtni.l

FTfR spcctm oa mw and aclivlted carbos prcp.rcd frcn the sond ol Pa o\|nid

toDentost (lTr, Papnl6 caspiz (pC), Con@ht (CCt, nilarthB allissina (AA), Sotwnon

olca'dcr (SO), Abimal boi6 (BC) rnd Rcscncor.d cdboD (RO) samples ae givci in Fig.

4,1- 4,7,



ll0

TXc brn(ls ir Ercgionof3l8?.5 cmi dd 3230.5 cn_r arc .llriblred lo $c prcFncc

of hldrcxyl goup GOH) srrcrcning and is chdacrdislic of lh€ h)doge. bonding r@. Thcsc

bmds can bc sccn ir PT, CC, SO, BC d !.gcncralcd sanrpt6. Thebahdr rrc norc cvident

in Rav ard lowcr rcNpfature.clivarcd smplos (Fig,4.1,4.3,4 5 and 4.6), b!t ik i cnsiry

dccrciscs viih rlF ilcrclsc irr rhc rcDrpcrrrurq of uclivrlior. 'fhis rcvcrts rtrri rlris surftcc

gou; ws clininlcd ar hish ncrivlrion tcmpcdlurc. lcult in lhc rcsion ot 3oJO-lO5Ocnl

w@ @ordcd ifl lhc Raw atrd 400 0C rcLivarcd PT satople only (Fis-4.r r. b) and arc

attrihued lo thc -CH slr€rniDg 16', s.hict .rc con:pl.rcly removed during acliladon ar

800'C, N is showi ii Fis.-4.]c Thc Rav and 4OOoC sahple ofPT, pC, CC, AA, RC and

BC carbon shov bands ar 2920 chn - 2850 cni (Fig.-4.1-4.4, 4.6, 4,7) that erc ascribed ro

aliphatic -CHr, lnd -CH: srrctching which may b. nainly du€ ro lh€ -CH, grcupsror, Such

buds are absent in lhc c&bon sanple activ.tld .t high t€npmtug. Pcak al 2000'

lmocm in lhc Ras;nd 300-soooc ativalcd samplg otSO carbon (Fis a.5) h du€ b lhc

gcnmlion ofC = C srrcrching oatic occludcd &ctylcn. i'r. Th6e p.ak wcE nor lolnd i.

lhe sonE $Ndc rctivilcd.l 600-1000oC. B.trds rt 23ll c'n ' in tfic Rrs rnd 400 "c

lctivaled carbons otSO, BC arrd RC s rpls arc duc to rhc prcscncc ofkc(otrcs "r shcrcls

tba€ paks disrtpc.r in rhe sahples qlosod io 600 - 1000'C activation d crn b. sdn in

rhe sp€clra (Fi8.4.5-4.?).

Thc p.aks in lhc .csion l5OO 1600 cmr shown in Fi94.l-4.3, 4-5,4.7 arc mainly

duc to thc gcncrdion ofC = C srrctching wjrh $c iorcnsily accmru*ed by oxrgen cont.ihing

luncliond soups 
6r, rese pcdks disapp€ar al dcrivolion lemperaturc of800'c ond lbove,

The bands nt I4OO-I5OO cn'are rytically.rtribut.d ro lhe presnce of C-C bonds in

bcnzae ring'o', Thcsc b&ds were found in rhc cdbon smpl6 of PT (Fig, 4,1), PC
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(Fig.4.2) and BC (Fjg.4.6) A weak ib$rptioh bdnds ar t2?l-125r cmn jn lhe Rap lnd

400'C ictivircd PT. PC, CC and spenr somptcs (Fig,4.t_4.3,4,6) repi6enl C = O skcrching

which indiclt. the pBmce of oxygen @nr.ining fucrioDa! groups such c carboxyt.s,

lacton.s, phenols dd e$€B or rh. rype qEfO-CHl or_CHTo.CHT'd'. Sone b.n& in thc

agion t000-l I0o cn r, indicnlins rhe p@ncc of ninhl nalld '6J wd icdr in a thc

*rbons (Fig. 4. I - 4.7). Thc bands behvccn 9OO.?OO ch.r rcpBcnt !tunalic HCC ocknrS /
singl. rnig, hlvins isolalcd / trvo nciglboringtrydoscn16r, Such bands were tound ir r rhc

ca6ons ircluding lbe Raw sdpl4,

Thc en€rgy dispesive sp{rnlsrudics givc a smlquanriraive analrsis orthe carbon

3ample, Thc rcsulti ofEDS dalj/sis (born % w.i8l .nd % a1omi.) for pT, !C, CC, AA,

RG and ABC ca$on empl6 arc giva in T.blc 4.4 dd 4.5, vhich sho* $ar hish c[hon

cotrtc s (% ltouic) vcrc round in 300 t rcriv cd tT sanolc (t2.59). Rcsr ot lhc slmplcs

show rhc c.tuon coirdrs (% alonic) s 9t.J? (AA),88.30 (cc),88.00 {Rc),85.89 (pc) and

80,?O (SO) 
'lsp*iivcly. Thc cdnccrlrrtionr oa orysc. i'r rll srDd6 derc$cd rvirh ric

incrclsc in lclivatioD tcmpenlurc. Olher ctcnlcnls tikc suttur, lornssinmi €hlorinc, silic!,

Kn, lugnca$nl, coppcr, phosphorus, sdium. crlciun, .luilinun aM molybdcnln wcc

prcsclr( ii lhcsrmcsamplcs in rEccqu.rtitiq 'N.

In $c bon6 charcoal acdvalcd at 600 oC, 800.C lnd 1000 
qC 

bori organic a.d

inorga.ic c.mposilio. is evid€nl in Tabt. 4.5. Th. shpl6 a.livar.d al diller

lcdpcoruB 4' cdbon: 25.29'l. (600 oC), 22.94 % (800 oO, 43.85% (1000 'C); orycq:

51.09%(600"C).54.04ole(800oc),34.85%(1000oc)rc.lciun:13.08%(600oq,14.16%

(800 oq, r0.st0% (r000 lqi plDsd,orus: ?.610% (600 "C),1.740y" (aoa "c). 6310a./"
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(1000 oC), Bp@livcly. Orh* etcirnrs litc nagn*iun, $drun, atuninln and chtorirE

wcre tound nr tEce qumrilics. Bone is conposcd oflboll ?O% inoreanic subsr.ncc callcd

hydrcxyrpditc ICamHtrOOrdl thal h.s no carbon .ron, The org.nic ph$c consisring of

about 30% of bone is cotlagen pnh a riny ftutio. of other compounds Uke chondbitin

sllfate, K@tir $lfale and phospholipid. r6J, Ibc Bllts co.fim rhar lh€ .onbm! of

Phothotus dnd oxygen in lle wpl* del!& witl) thc incl!4 in rhc .divarion

lemDcralurc,.nd lhal $€sc may have wolvcd s vot{itc aubstdcs during ihc cadoniarion.

xRD spcctr! of llrc ttlical ra\ clrbotr sa$plcs orc givcn in Fig, 4.8-4_14. Thc d

vrrtros oflhc s$rflcs Ndo mrlc[Dd wnh $c d vahrcs oa$.ndird sncct,o itr rhc ORICtN jO

sonw&c of lhc apctophoronercr. Thc XRD pofilcs for Raw pT clbon (Fie. 4.8) show

diiinc( absorption bmds al d valu6 of I | ,042, ?.49, 6.9r, 6.36, 5.{a (2q etc. Itc* d votuc!

match wilh lhc phN ol llchrcmium, t.lo phqddvotinc chbndc boDn nooridca

(CrHr6BCl:C!Fdr). Sinriluly d valud for 400 oC activ.tcd sdple wft found.s ?.8, 7.11.

6.75. t.?l ind 5.05 (20) which N ch thc strychnnE nitdc (Cnlt::N!,:.ttNO1t [nse, titr

S00"C Nlilrlqllhcd lrhcs dcpict crlci n hr1rirc hydmtc {C]l lrcnor4llro) likc l)hr{c,

-lltc X-hy difaclion plttems of PC clibon (Fig. 4.9) hav€ a pc.k 20 : 22q

showing thq di$rdcrcd graphnic OO2 plm6 ro. All rhc catbon spl6 (Raw, 4OO t ond

800 'C ..tivalcd) natch tle phe of 2-h.thyt-2-(4-i$prcpoxlpnd/) p@pdc{ioic eid

(crHkot.

Fi8u.4.l0 shows thc XRD profilc otCC clrbon obhined over lhc ansular rangc of

8-300 (20) Thc d !.lucs wqe found ro bc m.lching lhc phases ol t6ne dichlorobisprridiDc
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Plati m (ChHnC:N:Pt), poh$i$n oxidc (K,O,) ud cl,lolitrc (Ct,). l iidicard rtrar rtE

surhc. ofdllsanrplc i.e. Rav and acrivalcd at 400 oC and 8OO 
oC ceies lncse phases.

' XRD part€rn for AA carbon sidplcs w.B ro.d.d over lh€ mgul.r mnge of6.loo

(20). Thc pcak ar 20 :22o @rsponds |o rhc di$rd.rcd gr.pniric OO2 planes 14. For Raw

AA c..bon d valrcs ar 9.45062 ,1.4306, 6.9642j, 6,167, 5-55113, 5.44996, 5. r O68j erc wce

lccordcd d llciBpeciv€20 and aner malching wilh ihc d vahes of lhe cohputr ORICIN

50 $nwrc rhcph$c ofnolybdctrum sutlidc chloridc-Mo (S:)rSCll [Filc No, 7a,204]l *s
dctcclcd. vrluca of d obliircd ror 400 "C carbon slNptc i,c.3.10784,3,6896,3.79836,

4 52536, 4 11609. 5.09226, 6.s5332.7,75536 and I1.18168 (Fis. 4.ll) \ehich show lho

Drcsctrcc of phasc ol chroD)ium c.tuoDyl cobalt tungrtcn phosphidc.

(CO)C(CO)rwP:Codco)6 {File No. 77-22291- Simila.ly rhc d valu€s ofSoo'C &dvard

carbon match wnh thc phe of 2, 4jinilonqityld.-GH6N,O. lFile No,l3-0780] ar

12.26?14, t0.64368, 9_u019. 1.1320a, 6.1525,4.923a5,4.?918t, 4.45781, 3_8144 end

3.34423,

Thc XRD q)(16 ofSO caibon oblrirrd ovcr thc rnsulrr rrnsc of20'4('(20) nrvc

disqcrc pcaks and can be sen in Fig,4,12, Thc d vrlLrcs aor Rrw md 400 'C dcgossd

lcrivatcd ctrbon Dltch dre cncnticalphas€ ofcalciufl sulfotc h-C.SOr) Ifilc nunlbci 3?-

01841, Thc 300'C nctivded carbon has chcnricll phasc conlstoMnlg b sodiun porcaiunr

chloirdc (N!9OO]K.O90C|r lFrlc No.75-OJO5I whilc rh orlOoO"Chas$ephaseofsodrum

zinc molybdcnuni oride hydDxide {Nr:Zn,(OH),(MOr:} lFilc No.7G04ll] sd calciun

c&bonatc lcacorl lFileNo.-?2-05061.

Thc XRD prcfiles lor spc carbon have dislinclivc obsorption bands tlral nalcn wnl

lnc phascs oanor carbidc (FerC and fcc) IFil. No, 85.08?l and 03-04101, +aminopyridinc
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(CjU6N, [Filc-No.l0-0529] md nolybdcnlm oxidc pn$i@idatc nydnrc

(clHz6MoN6O,.H)O) [Filc No. a3-1822]. Carbon rcgdcarcd 400 oC mrrch wnh $c

phsc of nrarinilDbmT_.nc (c6H.Nrot lFirc No.to{5J6],-rh€ 3oo oc ad r0oo oc

rcgcn€nrcd spl6 have peats ar rhe sme p6itao! s rhd of rhe pn66 ofcadon (c) lFile

No.2j-0284), ion oxide (F€ro1) [Fil€ No. ?6.0958j, dotybdcnu oxide (Mo,,od [Fih

No.7l-05661 rnd oolybderunr oxide (Mo!Os) IFitc No.84-r2471. Tbese resutb indica& thal

lhc hy'lbgcD and nnogcn arc prcscnl nr F spcnl lnd tu 400 iC cffbon, Thesc ctcmcnrs arc

cliDiDatod durnlg resen€rrtion ar 800 oC ahd IOOO 
oC, wtrite carbon, oxysen, ircn and

nolybdenunr aE rctlined in the lanpt6 (Fig.4,13) e indicltcd by rhe p6enc€ ofpcak.t

th.i. Bpdlivc posirions in the srMdad sp4r6 in ORIGIN.5O,

Thc X{ay dirmc{on pattehr of bon* chdod oblaincd ar 2t of 20 ,44o rc giv.n

in lhc (FiC. 4.14) sha,wing distircl pek. Th. p6ts for 6OO"C degassed ah.md.E

m.lching lo rh. ph6e of calcium phosph.tc (C&+2PIO6+2) [file numbs 44-0752],

mlSn6ium oxide (MsO) lFilc No. 2?-0?59] sd sodium [Fit. No.010$2]. The 80(PC dd

1000"C dc8asscd chaEoal indicalc tnc eriltdcc of rcv.El .l.mcnrs whcn spcclrrl p.rht

worc ralcl&d with the stard,rd sp@lr! ofcofrpud snwala ORIGIN-5o. Tnc clsrcnts in

rhc thiscs are of cilcnm, magncsnm, sodiun', ltdDgcn, pl$pl[n6, catuon oxidc.

chloride, ruoride, (Cr. Ms. Na. Hr)r (?. C)r O,, (OH. Cl. F) lFilo No.l2-0s29]r soiiln,

.alcium, hydoscn, carbonitc, phosphlrc, hydhrc c!!H: (I,04)6. H'o-NaHcolHro [Firc

No. 47"02611 and ediun, qlcium, h]{log.n, ca6o.!r., phoqJhlrc, hydmrc CaJL (POr)6.

H:GNaHCOTH:O fFilc No. 47-0262].



315

SEM ini.bgriphs bolh in 5000x lnd 1000x dagnificalion (plalc 4,t , 4.8) ofan

carhon sanples shovcn sm@rh ar@ 6 w.ll 6 Dughn s wirh oval and h.rago.al porc

pillms. wirhin qch ovrl/hexagonal porc, pBdc.s ol lne na.opoe nc clcarly

4. 2. /4dso rt't iot S I udies

1.2. t. Elled orco"ta.t ime

The equiubnum tim. on de adso+non of.ll thc sii dycs (&id blle l, brilli&rblue

eid y€llow 29, acjd ycllow 14, acid onn8. ?.nd did omge l0) sudied al l0'C and 45R,

'c on rhc sc\cn lt?cs of JclrJ'cd crtons srmplcs (PT. PC. CC, AA. SO, BC tnd

regenemted) ind rrc showtr in Fig. 4.15 to 4,49.nd 4.6t to 4.74. It can bc seen $at the

a&orprion was fast in $e innial fineen secon& and drd declined duc lo thc possibl.

difusiotr in ro rhc dicroDoc. The incG. in .d$iptio. tempdturc hd clltcd in thc

incrcNe adsrplion, indicaling cndolh€mic nalurc ot lhc prcce$.

t.2.2. ElJ.d oJ ltthcc tutctio"at snn!'s

All rhc si\ sclcclcd adso.b!(e rrc rniotric dycs (lliphcrynncrhrnc rtrd M!) Nhich

contrinr a sodnm 3all ofstrlplEnic xcid grcup, tn 4quous solutioo, n ionizd lo an anionic

SO; goup. Thc .iidic dye .nion vill suft. Colunbic E?ulsion uPon aptrc.ching lhe

surfacc duc b nrc plcscncc otoxtgen co.hin funcionll goups on Raw and 400 'C dcga$cd

carbon sanplcs (liig, 4,1-4,7), The adso.ption of dyes on the lanlplcs oclivaled al

icnlpcraturc of600 oC rM abolc, rhc adsoDtiotr i5 which night bc duc to tlt dccrcasc in

polarily oflhe cado. sutlacc as wcll 61o lhc dMnP6itio. dd evolttion of$mc oathe

aci.tic oxys.n surLcc funcionahi6. A slidt inc@e ;n ad$rPion mieht ako havc

ocauftd due lo $ iocrcnsc in lhe surtace au rcsultd foni &riv{ion al lcmpdaurc of 800_
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lfilo 9C Duriq dltni|lt .i hisnd h'cu- &. b[ad F.B Dit|I bv. qaC iri.tr
in tm mid( hrrc iEE|.d.0E picriry rU uto rm or t,rc .mDla.Thc rt.cE of

Dolf gre||p. ot| th. I(ico of 0E 800 rc,9l)0.c .||d 1000 t &8.&.d r.Dpt.,r i dicd.d

by$c FnR rc.ultr mry b! ,nothq r!i6r for th. high drorption of dy!., LwGr .d.orprion

ofdlE on lh! Rrw id /OO'C c||!o ..rivrrd d dE 6lld hed n.y b. dE 6 ll|. hcl tt|!l

DoL.'f,lo.ridl g|!oD. rilur.d d rt p.ro ta,t rtrcb !*.t- eEity thrqSn hl{toF
boodr{}dio orn E it io Frc ooiain cpm UOg! t,. A $itutIic t!p.!.ardd

of ltr cL.todaic Rpultio b..{q tr. dF lo[| d &. ocs.dr€ly ctr!.d c{tor

uf& of {E Rry .ntl :rco qC mpl6 i. d.pict6d ln dr.N { l - 4.6.
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lle 6rc coDslanr aor Lhe adsoolioo ofacid

usnrg fisr ruru |(iictic equrlon. Such!n equation in

lrD"=lnD.-kdt

0.0056 for AA. nd &id o@ge

O.Ol?? for RC > 0.012? lor PC >

(/,) aor lhc fi6( ordsmodcl(0.s _

Thc cncrgy of acnvrtion

dycs on carbon surface was delcnnnEd

th. linear lbm can be cxprcsed !s ":

(4.6)

HN D, lnd D. arc 0!c solution coicorFlion (nol.dnJ) ar r=O rnd t=l tcspccrivcly.nd

is rhc nnc consrdr. FroN rlr lincar plols ocln Dc vs. t aor adsorprion oflhc dy6 otr

carboh surfacc rl l0"C ind 45 "Cfte!.lucs of 6t. coNlaDts al difI@nl tmpmlurcs wcrc

ddivcd rtrd rc shown nr Tlblc 4.48 ',1.t4,lt wa! notcd lhrt $c ratcconslant has lrcrc$cd

wnn dr iicrlrsc ir tcnrpcnture of:'dsorplion aDd also have high valuos for thc sdnlplcr

rcdv.rcd 0l hish lcNpfnturcs. Thc mtc conslanl GL) ofthc trdso.Plio. each dtc al45 'C on

ca6on $mplcs rtivarcd at 800'C wcrc found if, $c followiig sequoc.; lor acid bhc l:

0.0965 for BC > 0,Ol4O for CC > 0-0315 for RG > 0 0268 fo. PI > 00195 fo. PC > 0-0160

fo. SO > o,o145 fo. AA, aor briui&i blu. R: o.oltI for AA > 0 01?0lorPT > 0 0154 lor SO

> O.0l3O for CC > 0.OlO5 fo. !C > 0,006? fo! BC > 0.0053 lor RG' for eid vcllow 2,:

0.1.222 forPT>0.0665 lorCC>00514 torRC >0026? lbr B( >00259 lirr A:001('s

for PC > O.O15? lo! SO, acid ycllow l4r O Ot3I lor SO > 0 0451 lor Pl > 0 0421 for CC >

0.039; ior AA > O.o2to for BC >0.026t ior RG >00269lor PC lor acid onngc 7:00390

ior BC > O.O2l6 lor CC > 0.0160 ror SO> O OO98lor RC > 0.00?t for PC > 0 0061 for PT >

lO: 0.0363 for BC > 0,0334 for AA > 0 020, lor CC >

0.008? fo. PT > 0.0087 SO Th€ coftlntion cocmcicnts

0.90) wcrc closcr lo I, niicolnrg abcllc! rgrccn\cnt

lor thc ndsor ion wrs crlculated lsing llrc Arhcnirs



(4 7)

whcrc E, is drc rriqriod cmrglt, k'.nd kr ar€ r c coturmrs, R is

K tro ) JnJ T h rhc $iolltc rmpcrarurc (K). Tlc cncruics

122

calculllcd for lhc dycs so4'ion is givcn in Tiblc 4.48-4.54. Tho rctivatiotr cDcrgics (k/

4oI') of t dy6 oi ctubon samples elivltcd at 8OO 
oC wee found in lhc lollowirg

scqu4€e ordcr. Acid bluc I: 0.078 lor Pt < 0.l2l5l for PC < 0.16222 tor BC < 022t243

forCC<0.26 1forAA<4.020071 aor RG < 1016.518lorSO. Bnli.trtbluc R: J.4003931

for PT < 3.7868 for SO < 5.6086?l for BC < 6.5t710231 fo! RG < 8-09986 for CC < 8.6678

lor AA <20.??? aor PC. Acid ycllow29i 3,147102 forPC< 8.381 lor AA < 10.8914 forBC

< 12,3831a lot RC < 13,99a for FI < 15.230 for SO < 15,7018 lor CC. acid y.llow 34:

0.?3928 for BC < 0,9t556t for RG < 7.2906? for PC < 9.8151552 for CC < I1.7?13?8 for

PI< 15.596617 for SO < 16.50181for AA- Acid o6gc 7i 2.179526 for Vf < 2.t244t tor

BC < 2.85455 for AA < l.??913 for CC <6.5906881or RC> 7.385914 forPC < 15.08434

for SO. Acid onnge loi 1.936728 fo. PC < 2.65434 for AA < 2.695305 lor BC < 3 0?4868t

lor CC < 1.lr!22j7 lor RC .4..J7r01 for Pl < 8./Lr,{uS. lor SO ldc Jrl.r sljuws llB

nrcr€e in rhe (tivarion lcmpcnru.c r€sult a d@rcsc in $c acriv.tion .nfgy. Thc high

lcrilrridncncigyol N dyc ad$alion oD llr Rls dd 400 C dcgssd clrbor slNPl* aray

bu duc lo llrc hcl llDl Folar lurcionrl sroups Dr6c lhc potc opding blek lhc ctrlErcc

oflh€ dye tuoleculcs ind (hus .n onergy baoic! hay dise abm lhis ePuhion rr'. From lhe

vtrlucs or acrivalion cncrgics, thcmrodynmic paramcte6 such d onthaltv clangc of

ncrivarion (aHr) and cnropy chlnge ol acrivatioi (ASr) wre cal.llated (Tabl.4 48-4 54)

by using $e following.qu.lionsrM.

= En RT (4.3)
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D.
D.-D.W

f. *r' - *. 1 (r.r)''' I

gollanrm @ rur ( r,3806 ' I Oii .r Kn)

Planck constrnr (6.626 ' 10"J0

TIE c.llDlrry ol.cliv.rion (All'kJmot ') fd |hc dFs ad$rplion on 8OO.C eliv.rcd

c.thon nnpl6 !E: Acid blu. l: -2.5659 ro -1547.337: Brilli.nt blu. R:0,75654t !o

l8.llll5i Acid y.llow 29:0.5035t lo 13.0599; Acid tlllow 3a:-!.90452 to t3,85?979,

Acid o68c 7: -0.5043256 to 32.44&E6; Acid otug. l0: .0.7071241o O.75237677.Th.

psilivc val!6 indiqtc odotb.dic &d rh. tu8rtis elu6 rI. *orh.mic ader?ri@

pl!c6. Th* vdle dccM3c with lnc ingai. in $c r.dpcdrurc of .dsoDtio. d w.ll s
wilh lhe tcntdtue ol lcriv.tio! of rh. sple. N.8.tivc Blu6 of thc .nimpy of

rctiv ion (651 cner affnny or rh. ityc !oM!d! thc c.rbon which dG.t*B *irh rhc

inc@ in dsorprion rcmpcBrurc (T.blc 4,48 - 454) h.6ing rh.t rhc dt! nol4ul6 harc

.cquiEd r noE srabl. o.icnr.d pdirion on lh. sf&c,

1,2,a. BanAhan .grdton

l1N annglun lincir qultion in thc followin8 lom ws ussl lo chct llE pod

dirusidn drriry l![ .dsorption I'Dc$r,

=lo.-+dloll- 2.303 V
(r.t0)

whcrc D. is tbc initial concdtEtion (mol.dln'r) ofdys in |h. elurion, v i5 0E volunc (dor)

o, solurio[ w is rhc wcidl {s) ofcharcoal, D. is rhc.Doutrr !d$.bql at rinc t. vllus of

$c consrants 4 .nd t calcllat.d fon lh.3lop6 sd inrdpr3 ofthc linor plo$ (Fi8.4.57

- 4.62) arc givc. in Tablc 4.55 - 4.57. Th. d val@s d.cEaql whil. l(' incc6cd wi$ d.
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lenlPemturc of adsoQdon Jnd lanc trcnd wos found in tne c.s€ ofincrease i|

ors.mplclctivrrion, indhrli|gthol dr difusionof dye intoporcsof rhccllbon

lnd lderrrlion in to rhc torcs is ! diff$ion contrcll€d p.oc6sr'L"'.

r.25. Pa4honc dilJusion ta|9 (Int4prdicr. dtfrntton)

Thcinf.p.niclcdifusionrvrs,nrlyzcdbyapplyingrhcpahbolicdifrlsionequation

to llE data, For a solid liquid aderprion p@es, h. solurc rEnsfs is usually chaEctcnzed

by cilhcr cxlcnrul n6s tdnsfer(boundtry larlr difiusion) or i dparticle dillusion or bolh.

Adso'?tiotr dy'anics can be d€scribcd by thc lhrcc co.s4utive steps i.e. ltuspon of ftc

solulo fon bulk solution througb liquid lilm lo $e adsorbent exterior surface; solut.

diifusion i o lhc poes orderbeDt except lor. shdllqu.Dlily ofadsorption onlhccxlcmrl

surfd.e; padllcl lo tbis is llrc intmpadicle rr.nspon mchuism oftnc surf4e dirusjon and

$rylioD o( sorutc on t[c inrcrior surtucs ol lhc rF !s d<l ctPillary sp&e ol r.

$ircnl. Or lhc rhrcc srcps, lhe $nd srcp k alncd lo bc Epid and negligiblc lo b.

conridcrcd. Thc oleall dte of adeoion {ill b. @nlrclled by lh. slow.sr slcp, rviich

would bc ci$.r film diffusion or pot difusion, How.ver. dE conltollnl8 slcp nriglrl bc

di*ibnrcd berweei nnnpaniclc .nd cxlemll trtnspoll Ncchanisrns Howcvcr irr bo$ lnc

cases llE.xlcmll difusion is involved in lhc adsoQtion pbccss Tne odso.'tion of dy.s

orlo.arbon p.niclcs may bcconlrollcd by tlrc film dillusion !l carlicr strgcs.nd lncn 6lhc

(le$ctrr parliclcs arc loudcd Niih dt4 ioN, $c adsrllion G lho contollcd bv lhc

inrnpfiiclc d, fTqion. I ikmluE shoN rl thcplotol Do vc6ur r'"rcpNnimulli linoritv

wlich ch&aclc.i4s lhc lwo or motc stc's involvcd in rhc ldsoqttio. procs rlD According

ro Wcbcr and MoEiJl iirdpanicle diruion it d.tincd by the €qualion:

Do = k"dr rx+ B (4.11)
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TIe Lj valuc cln bc obrained fnm lhe slopc of rh. plot ofDo (mounl ad$rbed in novs)

E.l'. hcatr bc sccn trom Fig'4.63 4.68 rial fic ldsorptioo pe6s consisrs oflNo 3r!96.

The inhpa iclc diffLFior cocmcicil (kr) givcn in Ttlrh aj3-a60 indctscs with llrc

hcrcasc ir adsorpllor lcnrFrrlurc and rko wnh l[c lcivarioD lcftpcrarurts oi rc s$np]c.

'l|[ k vulLrls ol dyus dr d bon srrrdcs &liv!l.{ rl 800 !C wctu lound h rhu lollo\vir!

scqucrcc.Iorei! bluc l:2.5581 aoi aC> Llt38lor PT > 0.9613 aorCC>0.9l50 aorSO>

0-t127 forRC >0.7824 torAA >0.66701orPC. ForbrilliantblucR:3.73t1 aorSO>1.258

ror AC > l.llo8 for RG > r.3725 for PT > 1.3102 lor PC > I 2262 fot CC > l t9t2lor AA

For rcid ycllow 29: 16.15l for RG > lo.l79 lot BC > 2,6055 fot SO > 21674 for CC >

I 8c8l ior PT > I 814lor AA - I 8128lor Pc For rc'd yello" 14 5 6btb lor Bc;5 l75o

forSO> 1.8282lo! RO > 2.1l14lor Pl > 1,7418lo! AA > l6639lor CC > I 5247lot PC

For eid orlnsc 716,7615 for RO > 6.5?91 fo. BC > 4,2902 aor SO > l,8l 14 for PT > 1,4057

for CC > Loo48 lor AA > 0.966 lo; PC. Fo! acid odngc l0: 2.8431 for BC > I 5663 for SO

> l.28O4lor RO > 1.3519l6t PT> l-0708 fo.CC>0.8069 aorAA >0.7629 foi PC. Acid

ycloN 2t hi! srcitcrdimrion coeffcienl vihcs 6 conprtd (o olherdves Tnccorrclirion

coerrcicnl (,:,/ vrl'Ns hr lhc itrLrqraniclc difirsior Nodcl (0 $ 0.9997) rvor! ololcr lo I

indicating bcficr lgrccncnt ol lhe lil for $c dts .dsoalion. This is allribrlcd lo thc

insta aneons utilialion of lhc Dosr readily avail.bl. udsoibing sn6 on thc dsoocnr

1,t,Atrotption ho E Srklics

Adso'ltiotr isorhcms ol(hc dy$ it l0 oC lnd 45 
qC 

on nll carbon sadPlcs arc shown

ir Fig, 4.75-4.11)4) d rhc drti hns givcn in Tlblc 4 73 49? lt v* obscNcd ul lowct
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concdmnlion mosl of rc dyr h adsorbed and thc ad$,ption sEdla y d(rc$c{j wnh

irrcrc$c nr conccrknrion. fhu D@oss wlEn rcicn to ctuilibrnm, giving r tldc h fic
geph oflnrour ldsorbcd ftnol.gr) vs. cquilibrjun.onc. (mot. dm.r). On $c Rrrv lnd 4OO

"C ictivalcd calhon lanptca the dye lntake is tow as co paled lo shptc a.rivated dr high

r.mpcralurc ol 600 to I ooo !c whrch mighl b. due to $e fmor rt o f surfte rcrdtr oxygen

fu.ctiomlitierrt thll lovc the suraae poB op.n (Fig.4.1 _ a.l. Thc sensnivny oflhc
adsorprion proccss rovords rcmFhlurcs of ad$rprion d wcll s clrbon mlivarion 1v6

obscded such that it incrsalcs wi rh th€ increarc ih rcnpcrarure, i ndical ing rhe ov@l I pbc€s
lo b. ddothcmic wnh suraaccs oa 8furcr s!rf&. aEa with poE op€ning and high

int@tion for acid dy€s.

4.3. 1. ITret h I I ich ixoth.rtt

Frctrrdlich cqladon |ti in t|{ fouowing lined fom was found ro appty ro th. dyes

lsomlion isolhcds dala shovn jr Fig.4.105 - 4.r lO,

rnQ= InK+lr ,

vrlucs oflh. Dnfloctcrsr d K ( soqnion otNiry) crtctrt rd fto[ Inc figurcsrr. Bivcr
in Tablc 4.103 and 4,lOJ. Thc consr,rr, giv6 infom.lion abod th. surfacc het€ogdeiry
fud ils aairity lor E sotub D.. A tarsor vallc o, r/n njdicara cafeivcn6s of llE
adsorbcnr wncn l/n >l O, r .dsorbcd conccnlnion of 1c solutc is grcokr thln lhal

prcscm in $. solurion'7?. The valks otconsranr, K (,xdr!-,) indicatc ldsorplion cap.city of
lxc carbon sanptcs and wcre fornd lo b. in llE fo orvug scq@ft: Ior ncid bnrc l:
86116.22 for RC > 54339.1 for CC >28486.9 for pC > 2ild'.s ror AA > 54i3O.t tor SO >

3197.17 for RC > 58l.l4o tor l,T. For bfil|iant btuc R: 5?06s,06 ro. CC > 20696.08 for AA
> 18205.8 for RG > 114t6.J2 for pC > tO?79,48 forBC > r0?3s.59 for pT > ?472.61 for

(4.12)



SO. Fbracid ycllow 29r41522.9lorPC >32663,0lorAA > 12565,20 forCC > l563l.t for

PT > 8t80.4 for SO > 8204.18 lor AC > 4540,53 for RG, For rid yellow l4r 207108.8 for

Pt >,46202.99 lor SO > 44981.201or PC > 25848-20 for AA > 239J6,60 for CC > 76tt.l8t

lorRO>302?.0TtorACForacido6nscT:123?4?.6lorPC>?254?,?0forAA>7tt39.14

for CC> 62317,60 for Pf > 32305.? for Rc > 4041.212 for SO > lr2,9o5 tor BC. For acid

onngc l0: 384000.8 lor SO > 125366.9 aor CC > r il4rt.4 tor BC > t2lo3.lo for AA >

4?4?6,t6 lo! PT > 32500.15 for PC > t266?.56 for RG. The dala 5hows rhrr fie adsorprion

clp.cny olcalbon incrc.*s a $e redp.€rure of incredcs md it atso has a gEar.r value,

ror ad$rprion on rhe scmpl€s acrivared nr hjgh€r l.np@lurc.

1.3,2, Langmtir hotu.u,

, kngmln iethcm rrt in lhc following aom wh.n ,pplicd ro rhc a&o.prion dab,

s'v6 rhcar plok (Fig.4 tl t-4.t16).

ll?

4=r * 4D" b( b -'

of idsornrion (movg) coresrondtu* to n comDtcre nr.notivd

rhc hiMnrg cncrgy consrr .'t-hc li'rrr Dtols ot l)_U (g ri,)

agajosr D. (nol dn-') gave $c vatNs of (ra.d , (Tabtc 4.106,4_108). Thc isothrm lvas

besr fit lo llc dira wirh coBetation coemcienr, f: > 0.960. The adsolplion capicnics (r) wcrc

high for high rc'lpenturc adsoFrion and llso for lhc casc orrhc sadptes mrivarcd dt high

t€ pcmrurcs (T$h l). Compa.ing rhe dsorption caplciry b (D.lsr) vlhes offic 8oo.C

aclilrlcd cdrbon srnrplcs serc found irl lho fo owingscqlcnce.

,\cid blue l: 3.S451l0 for RG > 2.074690 for BC > 0.993140 tor SO > O 42i03 for pT >

0.12840 lor AA > 0.12??2 lor PC > 0.12300Ior CC_ Britti.ni blle R: 3.494060 for SO >

whcrc , is rhc inroutrl

covfisc .!d Kr {L/$ is
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2.0881I8 lor BC > 1.235481 for RC > 0.35t55 for AA > 0.36542 fo! CC > 0.33318 for pC >

0 ?4912 aor PT. Acid trllory 29:6.4ti500 rorBC> 5.44t590 tor RC > 0,t2t280 torSO >

0.45486 for PT > 0.39668 for CC > 0.39584 toi pC > 0.3930? tor AA, Acid yettorv 34:

8.3llll0 lor RG > 7.112667 ao. BC > t,58027 tor SO > 0,49529 for CC > O.48l7t torAA >

0.41412 ror PT. Acid orung. ?: 8.944541 for RC > 8.583690 for BC > 3.67176 for SO >

0.a4600.for CC > 0.40630 for PC > o.4o22s tof pT > 0,39888 for AA. Acid ornrgc tol

4.965243 lot tic > 2-29J577 lor ItO > 0.r2?O4O rbr SO > 0.4227, tor pC > o.4D5a tor pT

> 0.40175 for CC > 0.t9l4l forAA.

Thcadsorrrionofdycs fton sottrrionon i crrbon is d me.nrcofrherendcncyro pass

IroD onc ph.sc inro rhc oficr The d.iling forc. for such . r€ndcncy is .cpccnrcd by rhc

Oibbs frcc ciogy (^c) r". Ncsdivc frcc cnersy (AGo) vdtu6 ror rhe syrrcns iDdicare $c

3ponlancny in dE lftiniry ofrhc ldsorption. cibbs free .rcrgy ws calcllarcd as suggencd

^c'=-iT 
h K.

(4.14)

(4.15)

WEE b tnol.sr) is $c LlDgrnuir monohyq $rprioo crplcily d M^ is thc uot@ulur

weighr of {r dye. Thc data (Tablc-4.109-4.112) show rl1|l AC' vulucs dccrcsc wilh rhc

incr€asc in rcmper.rLrrc of adsrption, which rcvcak highg adsDrion !r highcr

4. 3. 3. D nl)i, i tL R(th s It t cri ch ( D D a4 tut ion

The Dn ad$rption cquatonrtr which is

f.= rr nlr' -Lllre*"'tv,

(4. r6)
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oR hr D, = ln Dr, - Br' (4.17)

whcrc. h rhc Polanyi polcntial, D{ is lhc amou ofdyo adsorbed irr ,r,/,g/, D{. k

rrrc ldsortrion o nDuN. D" irr|r cquitibriuD .onccnudion f,rll,,r/. B isIcon{ir{ od

isqllcdrtcnrcancncrgyofadsorprion,RnIglscorstaflandTislhcrbshlercmpcarurc.

The id6orplion dihwhd plolrcd &co ineto thccquarion(tn Drvs, cr) givc tinearptoG{Fig

4.11t.4.122) fom wlrcrc thc vatu6 oa conshnt B d ldsoryrion naximum (Dh) wcrc

c.lcullrcd (Tlblc 4.113-4.1l9). Thc drl! shop lhat both $c a.livation rcmpcrarure oa rtrc

ca6on and lhc trdsorptioh lenrpcbruE cll€cr rhe odsorprion naxinlm volues i.c. iicrcsc nl

cilhcr or tnsc rmpcronrc IDvc inc.cs.d lhc adsorDtion mdiouo G aound by rh.

eplication ol tlE DR cquatioD, for adsorption of rh. dy6 on alt of ou .crivdcd carbon

1.3.1, 
.Disdhttio" 

co.lr.i ! oIth. ,trt, o" tu. crtuon sntaca

Alinily ol rhc dyc tor Lhc onrbon nolriccs was dctcmincd tJy crlcll in8 rhc

distribulion cocfllcienr, using $c follo*irgequarion r&:

(4 t8)

Herc D. is (hc disrribtrrion @cmcimr. Do and Do are rhe soh ion concdrmrion {mot.dm-) ar

l=0 !M I=l Gpccrivcly, w is ttEwcighr otcalhon edplc, i.hc ptoB oaD( vs. D" arc gilor nr

Fig. 4,123-4.127. Thcsc ptots show lhrr, for ! Uxcd lhotrnl of ldsorbcni, arc cxlcnr of
adsorplion lnd $c diskiburiof, coemchnl DG, drcrcasc as thc drt con.cnrbtion ws
i.ircacd ovcr lhc anccotFlion tugcs used (Tablc-4.?3-4_102). Valucs oflbc disribution

cooltrcisnrs lbrrhesamples lclivrred at hiSn temp.ratu,c! bave high valuca. The lrcnd is rhdt



The Tlbna ldneic modcl

ldso.ption srudy hd rtE lir@r foor

6 uFd by Beat lnd At.Asheh 18 for lhe corlnn

ll0

valud ror ilE srmc nrilirl cotrccnr ionotall rhcdrsrrc in thc kqucncc D.&i.> D.{,.(
> D. k"""c, and D.j@i.> D" m"c > D"@'c>D"@i > D"{oi.> D. u- r€spcclabty.

1. 3. 5 tYt st. nd. t, ur tn. n l
Tnc diflcmr oclivatcd crrbon e.|pl6 pr@acd foo e various souEc nardials

wqc lsed ror rhe rrcah€nt ofN6tc wat r. The ysre warcr uscd ws (j) aq!6us $turion oa

dye acid bluc I 6 cotrrinrindnt (ii) crnud! wastc waler flom a!t0ss nrdusrry. On flowing $c
ware, al thc ritc ol5 mt minr, ll1ough rtrc cotutrns, crch fi sd with difcrcnl.clivatcd

carhon, Il v.s obscryed rt $c conhnrinnnr in genedt wcE noslly rcraincd by rhc nppcr

lalrr atu lfc.rbon bcd. rr rhis ldycr ltc ad$tbat was.xh&sled tiFl duc b ns loading to

mdinuh crpaciry. Ectow rtisarc, thcn due b then6s rEnsfcrofthccontlnlinanlsduring

downward flow llmugh the colufll rh. adsorbenl, a slate of equitibriun k €srabthhed

bcNben conhhinanrs and rhe adsorbenr wirh no norc chang. rD conc.nt6rion. An .mounr

or4 8hm elivat€d carbon 6li.g rhe cotuon of tOcm ws rolaly crhouncd in dnc pdiod

of 25 - 35 NiNrs. Tnc iDlct nos {Cu) ws @ntinuous and rhc concdrnion of rhc

contuhrinanls ir thc oul nov (C"u) otlhc cohm. w6 nonnoed by collccting $c warc, anq
cich ljrc mnNs noN ritt rhcE N(s in nrrxnnufi sfitr ion otthc mlso$cnt rntlno ohrrgc

in rhc conccnr.ion otrhc conraminrnl wns ohcrycd i.e. qi = C!.,. rn c6c ofdycs, lhc

adsoQoon sa found 1o bc a funcrioo ofrhc tcnerh oacn.botr packed @r!nn o. rhc mds

lr.nsacr bbc of llrc colunnr ond S dhpc ofcup4 of D"/Dq vs. rihc werc obranEd (Fig.

4 128 lo 4.115) As lhc gtass indrsrriat !!ste wlrcr has 0 broa<j spcctrum ofconlanimntr,

pEdiclion obour r'1c shrpe of rhe cuNcs is dimcull



' 
"(*-,)-T-*

, Wld D. i5 th! @nrllnind.!fta rd.o (dot tr).i li.irs I i. rlE Th.h!. nrc

drtrt tcr'. ni'i'.g'r, q. i. rtF d-add q,..ity (frt.C), M i. rhc mr$ of &.(b.d

G), sd Q i! 0E voturn.rri. now ni. (nvnin). Thc dr! ornow ptor. for ln [DoD. -t] w I
wr li..ar $ rhom in Fl& 4.128 ro a,t35. Thc ttntlg ofrh. &t lo rtF.qu|tid w judScd

by lhc dEhtion c!.frEidn I (O.S - OgaO). Slop. of0tc d.vc sav! rh ,i. c.nrd ofrh.

0oe,l (ndnr). IlE drorDlioo cqc.itilr (q. dor. gr) Sr S0O t dn d.d cdo. sDlc.,
6l![l&d frm {E lirar phdr of 1lnn md4.t! t09J59 |n. dd btll! L l?&2rJ fttr

tricLl, 256.56 fc coopr {d 221.t 59 fd .|r|._

(..t9)
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' 4,4 CONCLUSIONS
The stud'cs pBh!€d covff rhc papdtion, charur.riarion lnd ad$rplio.

pDDcnies of 6c liv{cd cadons dev.toped fon rhe r@ar euM Dar€nal ,uci s
4riculrurnr rv.src (corhcot^.cc), tN cosr wmd of j4l g'o\!ing l@s rp.r/,!,,ia
tontut^o-Pl, Po|rh^ uts?i.a.pc. Ailanth!, aLisnra-rl, &thddo,a o/d,../c!Jor, bon6 and

irrdusrrirl $cDr crrbon. Dycs (icid btuc r, billianl btuc R, acid yc ow 2r, !€i.l yellow 34,

aod ohngc 7 and acid orahgc to) wcre usod 6 odrclbare. The tollowihg conctusions .ro

5.

2.

Thc moisruro cohtctrls of rc

sequencq 9?% for CC >92%

25 % ht Pf > 2Ir/otor ABC

smpks ocrivalcd or 400 t wft found to be iD lhe

lor Rc > 60% for AA > 44% for SO > 43% tor pC >

3.

pH ofrhc acrjv.ted cilbon somplcs was alkaliDc (pH

RC offbon srtude was ncuhL(pH - 6.39-7.5j).

Asl' conlcir ws aorid lo ic iieh in lho somptc ofSO

25%) whilc rc fcn otrhcsinrplcs havc smnlt {nDU

- 3.85,11.4t0), howev$ thc

(68.4.46.3%) a;d Ro oo.l-

Bulk d€nsily ofthc cr rotr srhpts sa, tound lo bc in tfic lansq 465-165 tghr.
With the rise in activation te,nrenrure $.bltk densitydelcded.

rhc BET (n:s,) surfrce a;ca matysis of tlrc cdrbon srmprcs ,c!v,rcd ur 8oo,C
showcd lhrt SO crrbon has rhc high sulflcc aM ot jS7. thc suftcc arco oaorncr

clrbon sanptes lcivarcd ir 800 t was tound in dE scqucnce: als rbr RC > 412

for CC cadon > 398.29 tor pC > 38? for AA crbon > 219 ,or pT qarbon > 140.23

lor Bc



,,

t0.

8,

33.1

Tnc porc volunE (cmre') otthe 8OO 
oC actvatcd cadon emples \rre aound to be

in rbc scquen.q 0.23 ror PC > 0.220 ror SO, RG > o.2l for CC > 0.20 for AA. 0. I I

ror PT > 0.100 lor ABC. The pore votlne vs nte tbund |o incdlse wilh dsc in

Thc Rrv and 400 oC ftriv,lcd c,6on surt c.s crdcd rc oxyg.n conbnrnrs

lurcriotral g|ou|[ sch 6 caiboxyt\, lacbnes. pheiots elc which rvere climinotcd

^r 
high.crivalion tcnipcranks

IL

Thc XRD mrlysis stuvcd rtrd thc ctcmcnr

oxygcn, boron! chomium, uuorinc. .iro8o and

The atc oraderyion of dycs on lll
!40nd3 ed rhm dftlincd duc ro

p€neiotioD ofthe dlr mote!16 in b

'l lD DDS udrris showcd hish clrbon.onkil3 (% aronric) In carbons rclivlrdt al

hjgh rchpcFluB .3 comparcd ro R.w ed rh. 400 qC 
erivalc.t empl6 Thc

con4nlratoN otoxysen io thc onlplq w* tound lo dcc'te rvilh $c nE@c in
lcrvatron tcrnpcral!tu. Olh.rct€henrs lik sulfur,I,or!$ium, chlorin., sitica, ion,

mi:I$itr r, conn{r. D\o$h.n,s. $ ,unr. crtcr.tr,,. xtrrnnntrr .d\t In.,trhrt rn
wapcmr in hccqurnriliB in rhesanptB.

likq cfbor, hydbgcn, Ditdgctr,

molybdenum wcrc pr€scnr in rhe

carb.n..mptes wa hign in |h. initial nncd

thc pGsible diltusion .nd hiidMce in

w@ high at higl tmpcnruBThe v!lu6 of lnc lid ordcr ratc @NtrnB

admrption and il$ for $. sanptc acdvlt d at
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Ncs.rivc \onq of rhe eirrrcpy ot acrilation (AS,) or dyc adslpriotr rcnccbd

.mnily ofrhe dt€ moleutca bwar& |hc ca6on which darcG€d errh th.,ncGrs€

in adsor?tion rcmpqmlurc. The dtr molsulG hAc rhus &quircd a morc sr$te

oriotcrl position on rh€ slrfac ar hiSh tchpmte ade4tion .nd ate on

sdple riFl wcre acliv.red rr hieh lmplEtuB,

12, lnq@c in &rivaion lcmpcmtuE Guttqd in dcde.sc of erivadon emrgy ot dE

dyc adsrrdon. 1-lr high acriv.ion €ncGy oflhe dy. aderption on tbc R v and

, 400oC dcti!.lcd carbon sampresw4duc to lh. pBencc ot polar tunctionat groups

rl lhc poE opcnnrgs rhal bjoctqd rhc cnlmncs ol rc dr€ nDtecutq lNl thus

rcauhcd in $c cncrgy b!!iicr,

r3.

15,

t1

tc,

Adsorption of dyes incescd wirh th. incr4cd in icmperature thcreby indiclring

lhc prcccss Nrs cndotncmric.

Anal,si! of thc kirclic d{. shov.d drt Beghd
nodels w;re appli.d b rhc dya .&orprion &d rh.r

diiltrsion contrclted process,

Thc FrclMlich, Lrrgtrruir und DR cqualions werc uscd

pomnelcB. TIc bcsl fit ofrh. isolhenns, aornd fron rhe

(,r) wcrc ii ,c $quctrcc : DR > Longnui, > Ficundlich.

od inlnt.nicl. diftuion

fic adsorption of dye ir a

Disriburi.n cocmcicnr df rc dyca or thc sfifacq ofcrr$on acliv.tcd 0l tliffcrc

Icmpsrl{rc vis round to bc in $c sciludcq D"rm i.> D" m "(, > D. i,.c > O. @
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IE.i TtEw!.rovarcrof Ornd glsindulnyErmrcd bycotuhnad&Dion..Ibre

. nEdcl vc u$d lo dcnvc rhc ad$rtdon capeny (,,o/.A ,) of lhc e,bo snDle

, Ior rlE dye ard llso tor Ni'r, Co': ed Ztr*, ad$rprioi fmn the wsle warr.
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