ISSN(PRINT) : 2320 -1967
ISSNCONLINE) : 2320 -1975

ross
//\\\\\? eSS

ORIGINAL ARTICLE

CHEMXPRESS 7(3), 76-85, (2014)

Thermodynamic and kineticanalysison theremoval of
malachite green dyeusing activated Pistia Sratiotesleaves

SArivoli*, V.Marimuthu, T.RoseJudith

Department of Chemistry, Thiru.Vi.Ka, Government ArtsCollege,
Thiruvarur-610003, Tamil Nadu, (INDIA)
E-mail : arivu3636@yahoo.com

Abstract : Theresearch of the present work wasto
investigatetheremoval of Ma achite Green from aque-
ous solution by using PistiaStratiotes. Generaly, dyes
areusedinchemicd, textile, paper, printing, legther, plas-
ticsand variousfood industries. The need for thetrest-
ment of dye contaminated wastewater passed out from
theindustry. Inthisstudy, PistiaStratiotes Leaveswas
studied for itspotentia use asan adsorbent for remova
of Maachite Green. Thevariousfactorsaffecting ad-
sorption, such asinitia dye concentration, contact time,
adsorbent dose and effect of temperature, wereeva u-

INTRODUCTION

Disposdl of dyeingindustry wastewater pose one
of themagjor problems, because such effluentscontain
anumber of contaminantsincluding acid or base, dis-
solved solids, toxic compounds, and color. Out of these,
color isthefirst contaminant to be recognized because
itisvisbletothehumaneye. Remova of many dyesby
conventiond wastetreatment methodsisdifficult snce
theseare stableto light and oxidizing agentsand are
res stant to aerobi c digestion. Possiblemethodsof color
removal fromtextileeffluentsinclude chemica oxida

ated. Theexperimentd datawerefitted into the pseudo-
second order kinetic model. Theequilibrium of adsorp-
tionwasmodeed by usingthe Langmuir and Freundlich
isotherm models. The objective of the present work
suggeststheAPSNC may be utilized asalow cost ad-
sorbent for Mal achite Green dyeremoval from ague-
oussolution.  © Global Scientificlnc.

K eywor ds: Activated PistiaStratiotes nano carbon
(APSNC); Mdachitegreen dye; Adsorptionisotherm,
Kinetics, Equilibrium modds.

tion, froth fl otation, adsorption, coagulation, etc. Among
these, adsorption currently appearsto offer the best
potential for overal treatment, and it can be expected
to be useful for awide range of compounds, more so
than any of the other listed processes. Recognizingthe
high cost of activated Nano Carbon, many investiga-
torshave studied thefeasibility of chegp, commercidly
availablematerid sasits possblereplacements. Such
materiasrangefromindustrial waste productssuch as
wasterubber tyres, blast furnacedag, andligninto ag-
ricultural products such aswool, rice straw, coconut
husk, saw dust, and peat mass.
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In order to assess the ability of activated Nano
Carbon for dye removal, malachite green (MG) has
been sel ected for the present study.

MATERIALAND METHODS

Prepar ation of activated nano carbon

) s oS :
Wy 7 | O »

Pigtia stratiotes (Akayat-tamarai)

PistiaStratiotes Leavesused inthisstudy was col-
lected from thelocal Agricultureland of Thiruvarur,
Tamilnadu, India. The raw biosorbent was cut into
small sizesand then washed thoroughly with hot-dis-
tilled water followed by double-distilled water to re-
move any unwanted particles. It wasthen dried and
activated in amuffle furnace at 1200 °C. The acti-
vated materia wasseved to get uniform size particles
<177um (80mesh). The same APSNC was used
throughout the experiment.

Adsor bate

The stock solution of malachite green concentra
tion 1000 mg/L was prepared by dissolving 1 g of mala-
chitegreenin 1000 ml of doubledistilled water. Differ-
ent concentration of dyes solution rangefrom (25to
125 mg/L) was prepared from the stock solution by
gopropriatedilution.

H;EC\'G/CHS
O O CHs

C H :5 C H _'74'.
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M aterial developments

Sorption studieswere performed by the batch tech-
niqueto obtain rate and equilibrium data. For isotherm
studiesaseriesof 50 mL lodineflask were empl oyed.
Each test tubewasfilled with 50 mL of dyesolution of
varying concentrations and maintained at the desired
pH and temperature. A known amount of adsorbent
was added into each tube and agitated intermittently
for amaximum period of 1 h. A 10-60 Minutesreac-
tion period wasfound to be quite sufficient for equilib-
rium attainment for thedye. After thisperiod the super-
natant sol ution was centrifuged and the uptake of the
dyewas monitored spectrophotometrically at 425 nm.
These concentrations were however decided after a
good dedl of preliminary investigation wherein thead-
sorbent was found to removethe dyeto different ex-
tent. Sorption studieswere carried out at 30, 40, 50
and 60 °C to find out the effect of temperature. The
effect of pH was observed by studying the adsorption
of dyeover apH range of 2-10.

Batch adsor ption experiments

Batch adsorption wastested by adding 25 mg of
APSNC to 50 ml of thedye solution of differentinitial
concentration (25to 125 mg/L) a aparticular pH. The
experiment was carried out using awrist action shaker
for the period of 60 min and 120 rpm using 250 m
stopper glass flasks at (30°C to 60°C). Theresidual
concentrations of dyesin each sampleafter adsorption
at different timeinterva swere determined by UV-Vis-
ible spectrophotometer. The equilibrium g, (mg/g) was
cd culated by thefollowing massba anceprinciple.
0= (Co I\/lce)v M
Where C jand C_ aretheinitia and equilibrium concen-
trations (mg/L) of dyes, V isthevolume(L), M isthe
weight (g) of the adsorbent. Theremovd efficiency of
theadsorbentson dyeswas cal culated by using thefol -
lowing expression.

R% =

C,-C,
c %100 )

Kinetic experiments

Thebachkinetid? experimentswerebasicdly smi-
lar to those used testing the adsorption equilibrium
method. Thedyes samplesweretaken at specifictime
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intervalsand the concentration of dyeswassimilarly
measured. Thedll kinetic experimentswerecarried out
at 30, 40, 50 and 60°C with initial dye concentration
(25, 50, 75, 100 and 125 mg/ L) the amount of ad-
sorption at timet. The gt (mg/g) was cal cul ated by.

(C,-CHVv
q="— (©)
WhereC, (mg/L) istheliquid phase concentration of
dyeat any time.

RESULTSAND DISCUSSION

Effect of contact time and initial dye concentra-
tion

The experimenta resultsof adsorption of various
dye concentrationswith contact timeareshownin Fig-
ure 1. Thisfigure showsthat the% removd initidly in-
creases and reaches the limiting value. So, that the
equilibrium was established at 40 minutes. Hence all
theremaining experimentswere carried out at 40 min-

utes. TheequilibriumdataweregiveninTABLE 1re-
vedsthat, the percentage remova wasdecreaseswith
increaseininitial dyes concentration. Thiswasdueto
the number of available active siteswas remains con-
stant but theinitia concentration of dyesincreases, so
that % removal decreasesd’o1,

Effect of adsor bent dosages

Theeffect of theAPSNC doseswasstudied at 30°C
by varying the amount of adsorbent dose 10-250 mg
for theinitial concentration of 50 mg/L. Figure 2 reveals
that increasein percentage removal of MG dyewith
increasesin dose of adsorbent dueto theincreasein
adsorbent surfaceareaand theavailability of more ad-
sorptionsites.

Effect of pH

Thesolution pH isoneof themost important factors

that control the adsorption of MG dye. To examinethe

effect of pH on the % removal of MG dye the pH of
initia solution werevaried from 2.0to 10.0 by adding
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Figurel: Effect of contact timeon theremoval of M G dye[M G]=50mg/L ; tempratur e30°C; adsorbent dose=25mg/50ml
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TABLE 1: Equalibrium parameter sfor theadsor ption of M G dyeonto APSNC

Ce(Mg/L) Qe(Mg/L) Removal %
Mo 0 0 0 0 0 0 0 0 0 0 0 0
30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C
25 2.36 2.58 2.04 2.36 45.26 44.82 45.91 45.26 90.52 8965 9182 9053
50 6.23 6.32 424 401 87.53 87.34 91.50 91.97 8753 87.34 9150 9197
75 12.34 1035 1113 1074 12530 12928 127.73 12851 8353 86.18 85.15 85.67
100 26.74 2484 11.13 2036 14651 150.31 17773 15926 7325 7515 8886 79.63
125 4295 3874 2287 31.84 16409 17250 20425 18631 6563 69.00 8170 7452
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Figure?2: Effect of adsor bent doseon theremoval of M G dye[M G]=50mg/L ; contact time 60min; temprature30°C

NaOH or HCl into them. The % removd increasesas
the pH increasesup to 6.5. There after the % removal
decreases. At pH 6.5 the optimum % removal takes
place. Sotheremaining experiment was carried out at
pH 6.5. Theexperimenta result wasshownin Figure 3.

Adsor ption isotherm studies

To quantify the sorption capacity of the absorbent
for theremoval of dyes, the most commonly used iso-
therms, arethe Freundlich and Langmuir isothermsand
hencethesewereused in thisstudy.

(A) Freundlichisotherm

Linear form of Freundlichisothermmodd™ isrep-

resented by the equation
Iogqe=logKf+%IogCe 4

Whereq, istheamount of dyesadsorbed per unit weight
of theadsorbent (mg/L) K. is(mg/g(L/mg)) themeasure
of adsorption capacity and 1/nisthe adsorptioninten-
sity. Thevaueof K, and nareca culated fromtheinter-
cept and slope of the plot of log g, Vslog C, respec-
tively. Theconstant K. and nvauesaregivenin TABLE
2.Ingenerd theK vaueincreasesfor agiven adsorbate
increases. Themagnitude of theexponent 1/n givesan
indication of thefavorability of adsorption. Thevaueof
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Figure3: Effect of initial pH on theremoval of M G dye[M G]=50 mg/L ; tempratur e 30 °C; adsorbent dose=25mg/50ml

TABLE 2: Langmuir and Freundlich isotherm parameter for

n> 1 representsfavorabl e adsorption condition!” (or)
thevalueof nareintherange of 1to 10 confirmsthe
favorable condition for adsorption. Theadsorption co-
efficdent K, of dyeson PistiaStratiotes|eaveswasfound
from4.7157t04.7866 L/g. TheK, valueindicatesthat
the saturation time for adsorption of dyesis attained
quickly duetothehighaffinity of activated Nano Carbon
towardsthe adsorbate. Thevauesof nwereintherange
of 1.6382102.2913 (mg/L) for MG dyes adsorption.
So Freundlichisothermissuitablefor thisadsorption.
TheK valuesasoindicatethemultilayer adsorptionwere
possible. Thisreved sthat the activated Nano Carbon
wasmoreefficient for theremoval of MG dyes.

(B) Langmuir isotherm

The Langmuir isotherm model ¥ isbased on the
assumption that maximum adsorption correspondsto a
saturated monolayer of solute molecules ontheadsor-
bent surface. Thelinear form of theLangmuir isotherm
equation can be described by

C/g,=CJ/q, +U(q,) ®5)

theadsor ption of M G dyeontoAPSNC

Temp. Langmuir Parameters Freundlich Parameters

(°C) O B Ky N

30°C  191.09 0.1362 4.7157 2.2913
40°C  209.12 0.1172 45818 2.0787
50°C  297.26 0.0936 4.5806 1.6382
60°C  231.48 0.1208 4.7866 2.0326

Where C_(mg/L) isthe equilibrium concentration of
thedye, g, (mg/g) istheamount of dyeper unit weight
of adsorbent, Q_and b areLangmuir constantsrel ated
to adsorption capacity and rate of adsorption respec-
tively. Q_istheamount of dyeat complete monolayer
coverage (mg/g) which givesthe maximum adsorption
capacity of theadsorbent and b (L/mg) isthe Langmuir
isotherm constant that rel atesto the energy of adsorp-
tionor rateof adsorption. Thelinear plot of C /o, against
the equilibrium concentration C_ showsthe Langmuir
mode!. The Langmuir constant Q  and b were deter-
mined fromthedopeandintercept of theLangmuir plot
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andthesevduesaregivenin TABLE 2. Thefeasibility
of theLangmuir isotherm can dso beexpressed interms
of thedimensionless constant separation factor R 4%
by the equation
1

R.= 1+b C, ©
WhereC, (mg/L) istheinitial concentration of adsor-
bent and b (L/mg) isLangmuir isotherm constant. The
parameter R_indicatesthenatureof theisotherm.
> R >1lunfavorable
> R =1Linear
> O<R <1Favorable
> R =0lrreversible

TheR, vauesliesbetween O and Lindicatefavor-
ableadsorptionfor al initial concentration study. The
caculated R vauesweregiveninTABLE 3. Thecd-
culated R valueswerewithintherangeof 0.0554 to
0.2993. Sotheadsorption of MG followsthe Langmuir
isotherm.

Thermodynamic study

Thermodynamic parameter such aschangeinfree
energy (AG°) (KJmal), Entha py (AH®) (KJ¥mol) and
entropy (AS°) (JK/mol) werecalculated by using the
following equation (7,8) and (9)

ORIGINAL ARTICLE

inTABLE 4. The negative AG°wereindicatethe ad-
sorptionisspontaneousin nature and al so the magni-
tudeof AG®indicatetheadsorptionisphysica adsorp-
tion (ie, lessthan 70 KJmol). Thevaueof AH®isposi-
tive, thisindicatesthe adsorption isendothermic pro-
cess. The positive ASC indi catesincreased randomness
during theadsorption. Thisa so support the adsorption
wasphysical adsorption(617

Adsor ption kinetics

The kinetics studies were done by using pseudo
second order*® Elovich*2% and intra-particle diffu-
sion” modds.

(A) Thepseudo-second-or der kinetic model

Thelinear form of pseudo second order equationis
expressed as
dqt
dt
Wherek, (¢/mg min) isthe pseudo second order rate
constant. For the boundary conditionst=0tot=t and
q=0toq,_g,integrated formof Eq. (10) becomes:

=K2(qe_qt)2 (10)

(qe—qt)=qi+Kzt (11)

e

Thisistheintegrated rate law for apseudo second

K= Couid/Ciguia @) order reaction. Equation (11) can berearranged to ob-
AG°=-RTInK @®) tain Eqs(12) which hasalinear form:
AS° AH° TABLE 3: Dimensionlessseperation factor (R ) for thead-
logK, = 5303R _ 2.303RT ©) sor ption of M G dyeontoAPSNC
WhereK istheequilibrium congtant, C_, isthesolid ©) Temperature°C
phase concentration at equilibrium (mg/L). Cquui Jsthe ' 30°C 40°C 50°C 60°C
liquid phase concentration at equilibrium (mg/L). T is 25 0.2269 0.2543 0.2993 0.2487
temperatureinKelvinand R isthegas constant (8.314 50 0.1279 0.1457 0.1760 0.1420
Jmol*K™). A graphwasdrawn betweenlog K vsU/T. 75 0.0891 0.1020 0.1246 0.0993
The AH? and AS°values obtained from the slope and 100  0.0683 0.0785 0.0965 0.0764
intercept of van’t Hoff plots. These values were given 125  0.0554 0.0638 0.0787 0.0621
TABLE 4: Thermodynamic parameter for theadsor ption of MG dyeontoAPSNC
(o}
(o 30°C 40°C = 50°C 60°C AR AS®
25 -5684.75 -5618.43 -6493.9 -6252.78 2.249 25.980
50 -4909.13 -5028.07 -6383.4 -6750.91 16.00 68.455
75 -4091.94 -4764.78 -4691.6 -4951.46 3.513 25.592
100 -2538.76 -2880.94 -5578.6 -3775.23 17.500 66.648
125 -1630.21 -2082.58 -4018.3 -2971.9 16.85 61.414
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t 1 1
—= 3 +—t
qt que qe
If theinitial adsorptionrate(h) (Imgmin)is
h = KZ qz-:*2

Then Egs. (12) and (13) becomes:

(12)

(13)

q. h q, (14)

Wherek, (9/mg min) isthe pseudo second order rate
constant, g, istheamount of dye adsorbed on the per
unit mass of adsorbent (mg/g) at equilibrium, g, isthe
amount of dye adsorbed at time*“t”. A Graph is drawn
between t/q, versus“t”, the q_and k, can be cacul ated
from the dope and intercepts of thegraph. Thecorre-
lation coefficient value (y) werea so calculated. These
valuesaregivenin TABLE 5. Thecorrel ation coeffi-
cient vaue(y) for the pseudo second order was greater
than 0.9900 (ie, y > 0.9900) and also g, value calcu-
lated from the model was almost equal to the experi-
mental value. So the adsorption of MG follows pseudo
second order mode!.

(B) The Elovich equation

TheElovichmode equationisgeneraly expressed
as

d
~-=a ep(-Bq)

t

(15)

Wherea istheinitia adsorptionrate(mgg?* min?) and
B isthe desorption constant (g mg?) during any one
experiment. Tosmplify the Elovich equation. Chienand
Clayton assumed a,3t>>t and by applying boundary
conditionsg =0att=0and g =q, att =t Eq.(15)
becomes:

q =% ln(aB)+% Int 16)

If dyesadsorptionfitsthe Elovich model, aplot of
q,vs. In(t) yieldsalinear relationship with aslope of
(1/p) and anintercept of (1/B) In (af). TheElovich
parameters a, p and correlation coefficient (y) were
giveninTABLEDS. Theinitial adsorptionrate (o) and
desorption constant () increaseswithincreaseinini-
tid concentration of MG dyesand also the correlation

TABLE 5: Thekinetic parameter sfor theadsor ption of M G dyeontoAPSNC

c Temp °C Pseudo second order Elovich model Intraparticle diffusion
’ i Qe Kz Y h a B Y Kig Y C

30 4990 23x10° 0994 759 55.10 01339 0998 1.6249 0.992 0.1888

- 40 4772  19x10% 0995 1069 95298 0.2114 0991 17457 0.994 0.1144
50 4839 16x10% 0997 1052 170315 0.2241 0993 17641 0991 0.1057
60 4830 19x10° 0999 1001 71315 02030 0.992 17403 0992 0.1186
30 9549  24x10° 0998 1618 199.04 0.0780 0991 16513 0.991 0.1644

50 40 9332 20x10° 0997 2452 179723 01056 0992 1.7403 0.992 0.1162
50 97.90 18x10° 0998 19.69 1120.61 0.0972 0991 1.7378 0.991 0.1229
60 9715 16x10° 0992 2155 4137.60 01138 0993 17704 0.993 0.1034
30 13487 23x10° 0994 2370 759.65 0.0649 0997 16724 0.991 0.1360

- 40 139.42 23x10° 0991 2236 56368 00605 0994 16705 0.992 0.1427
50 136.05 20x10° 0992 2877 19615 00716 0994 17129 0.991 0.1193
60 137.01 20x10° 0991 3046 23034 00721 0995 17219 0.991 0.1172
30 15846 23x10° 0992 2723 75973 0.0541 0.997 16105 0991 0.1395

100 40 16424 25x10° 0991 27.42 47814 0.0483 0.999 16033 0992 0.1527
50 166.11 11x10° 0993 2979 94342 0.0526 0.998 1.6390 0993 0.1361
60 17153 23x10° 0991 30.70 83648 0.0498 0997 16469 0.992 0.1398
30 173.00 18x10° 0992 39.92 5381.16 00613 0998 16176 0.993 0.1081

125 40 18549 22x10° 0994 3247 101347 0.0470 0999 15877 0.992 0.1366
50 19587 16x10° 0991 3053 51561 0.0402 099 15754 0.998 0.1546
60 20129 23x10° 0992 3410 100397 0.0429 0.997 16185 0995 0.1383
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coefficient (y) weregreater than 0.9900 (ie, y > 0.9900).
The Elovich model can also suitablefor the MG ad-
sorptionontoAPSNC.

(C) Intra—particle diffusion model

According to Weber and Morris suggested thein-
tra-particlediffusonmodd is
q,=K,t*+C )
Wherek  istheintra-particlediffusion constant (mg/g
min), and g, istheamount of the dye adsorbed at time
“t’. According to Weber and Morris model, a graph is
drawn between g, and t*, thelinewas passing through
theorigin. But heretheintercept valueindicatesthelines
werenot passing through origin. Thiswasdueto that
theintra-particlediffusontakes placeaongwith some
other process. Thismay be boundary layer adsorption
or instantaneous adsorption.

Effect of theionic strength on the adsor ption of
malachitegreen

Theeffect of sodium chloride on the adsorption of

ORIGINAL ARTICLE

ma achitegreenontoAPSNCisshowninFigure4.Ina
low solution concentration of NaCl had lessinfluence
on theadsorption capacity. Thepartia neutrdization of
thepositive charge on the adsorbent surfaceand acon-
sequent compression of theelectrical doublelayer by
the Cl- anion causetheincreasein theadsorption of the
malachite green at higher ionic strength. Thechloride
ions can al so enhances adsorption of malachitegreen
iononto activated cacite by pairing of their chargesand
hencereducingtherepul s on betweenthemaachitegreen
molecules adsorbed on the surface. The APSNC to
adsorb more of positive malachite green dyg 16172223

SEM and FTIR of APSNC

The SEM images of APSNC (Figure 4aand 4b)
Showsthe SEM micrographs of APSNC sample be-
foreand after dye adsorption. Itisclear that APSNC
has considerable numbers of heterogeneous layer of
pores wherethereisagood possibility for dyeto be
adsorbed. The surface of dye-loaded adsorbent, how-
ever, clearly showsthat the surface of APSNC iscov-
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Figure4: Effect ionic strength on theadsor ption of M G dye[M G]=50 mg/L ; contact time=60 min; dose=25 mg/50 ml
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Figuredb

Figure5a: FT-IR spectrum APSNC beforeadsor ption
70
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Figure5b: FT-1R spectrum of APSNC after adsor ption of malachitegreen
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ered with dyemolecules.

The FTIR spectrum of APSNC before and after
adsorption (Figure5aand 5b) showsthat some peaks
were shifted or disappeared and that new peak were
also detected. These changes observed in the spec-
trumindicated the poss bleinvol vement of thosefunc-
tiona groupson the surface of theAPSNC in adsorp-
tion process.

CONCLUSIONS

Theadsorption characteristicsof MG dyeontoAc-
tivated Nano Carbon arestrongly affected by theinitial
dye concentration, initial pH and the adsorbent dose.
ThepH 6.5 wasfavorablefor the optimum adsorption
of MG dye by APSNC. The R values and other ad-
sorption parameters indicate both Langmuir and
Freundlichisothermsfavorablefor APSNC adsorption.
The pseudo second order, Elovich andintra-particleki-
netic model werefound to applicablefor theadsorption
of MG onto APSNC reaction modd. The thermody-
namicsparameters AG®, AH® and ASPvduesindicatethe
adsorptionisendothermicand physica adsorption.

REFERENCES

[1] B.Al Duri, GMckay, M.S.El Geundi, M.Z.Wahab
Abdul; Three resistance transport model for dye
adsorption onto Bagasse Pitch, J.Environ.Eng.Div.
ASCE, 116, 487 (1990).

[2] S.JAllen, GMckay, K.Y.H.Khader; Intraparticle
diffusionsof basic dye during adsorption onto Sph-
agnum Peat, Environ.Pollut, 56, 39 (1989).

[3] N.L.Alpert, W.E.Kes, H.A.Szymanaki; Theory and
practice of infrared spectroscopy, 2nd Edition, Ple-
num, New York, (1970).

[4] GE.Boyd, A.W.Adamson, L.S.Meyers; The ex-
change adsorption of ionsfrom agqueous sol ution by
organic zeolites I, Kinetics.J. Am.Chem.Soc., 69,
2836 (1947).

[5] J.Crank; The mathematics of diffusion, Clarenden
Press, Oxford, (1956).

[6] M.S.EI-Geundi; Colour removal fromtextile efflu-
ents by adsorption technique, Wat.Res., 25, 271
(1991).

ORIGINAL ARTICLE

[7] H.J.Fornwalt, R.A.Hutchins; Purifying liquidswith
activated carbon, Chem.Eng.J., 73, 179 (1966).

[8] R.A.Freidal, J.A.Queiser; Infrared analysis of
Bitumenous coal and other carbonaceous materi-
als, Ana.Chem., 28, 22 (1956).

[9] JA.Gadsen; Infrared spectraof mineralsandrelated
inorganic compounds, Butterworths, London, (1975).

[10] G.S.Gupta, G.Prasad, V.N.Singh; Removal of
chromedyefrom carpet effluentsusing coal 11 (Rate
process), Environ.Technol.Lett., 9, 1413 (1988).

[11] B.H.Hammed; A novel agricultural waste adsor-
bent for the removal of cationic dye fron aqueous
solution, Journa of Hazardous M aterials, 162, 305-
311 (2009).

[12] C.Namasivayam, N.Munisamy, K.Gayathri, M.Rani,
K.Renganathan; Biores. Technal., 57, 37 (1995).

[13] H.Frendlich; The dye adsorption islosungen (Ad-
sorption in Solution), Z.Phys, Chem., 57, 385-470
(1906).

[14] I.Langmuir; The adsorption of gases plane surfaces
of glass, micaand platinum, JAm.Soc., 579, 1361-
1403 (1918).

[15] T.W.Weber, R.K.Chakravorti; Pore and solid dif-
fusion models for fixed bed adsorbers, JAmM.Inst.
Chem. Eng., 20, 228 (1974).

[16] GMcKay, H.S.Blair, J.R.Gardner; Adsorption of
dyeson chitin.l, Equilibrium Studies, J. Appl.Polym.
Sci., 27, 3043-3057 (1982).

[17] S.Arivoli, B.R.Venkataraman, T.Rag achandrasekar,
M.Hema; Res.J.Chem.Environ., 17, 70-78 (2007).

[18] S.Arivali, K.Kalpana, R.Sudha, T.Rajachandrase-
karan; E.-J.Chem., 4, 238-254 (2007).

[19] Y.S.Ho, GMcKay; Thekinetic of sorption of diva-
lent metal ions on to Sphagnum moss peat, Water
Res., 34, 735-742 (2000).

[20] SH.Chien, W.R.Clayton; Application of Elovichequa-
tiontothekineticsof phosphate rel ease and sorption
on soil, Soil Sci.Sco, Am.J., 44, 265-268 (1980).

[21] D.L.Spark; Kinetics of Reactionin Pureand Mixed
System in Soil Physical Chemistry, CRC, Press,
Boca Raton, (1986).

[22] W.JWeber, J.C.Marris; Kineticsof adsorption on car-
bon from solution, J.Sanitary Eng.Div., 90, 79 (1964).



