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ABSTRACT

Theaim of thisresearch wasto investigate the potential of low- cost locally
available stem water hyacinth (SWH) as an adsorbent for removal of acid
green 20 (AG20) as an anionic dye from aqueous solution. Equilibrium be-
havior of SWH was investigated by performing batch adsorption experi-
ments. The effect of initial dye concentration, pH, contact time and adsor-
bent dose on the adsorption process were evaluated. Adsorption isotherm
models, Langmuir (four different forms), Freundlich and Temkin were used
to simulate the equilibrium data at different experimental parameters (pH
and adsorbent particle size). For Langmuir isotherm model, the four linear
equations were discussed and used to obtain the isotherm parameters.
Langmuir-11 form was found to have the highest coefficient of determina-
tion (R2=0.999) compared with the other Langmuir linear equations. Also, it
was found that SWH has a high adsorptive capacity towards MB dye (200
mg/g) as determined by Langmuir-11 model. SWH show favorable adsorp-
tionof AG2o dyewithO<R < 1. Theintraparticle diffusion wasalso deter-
mined for the AG20-SWH system. The mechanism of the adsorption of
AG20 dye onto SWH involved more than one process as indicating by the
low value of Temkin constant b, (0.285 kJ¥mol). Also, it was found that
intraparticle diffusion was not the limiting step.
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Presenceof different pollutantsin water and waste-
water increased recently dueto highincreasein differ-
entindugtrid activities. Dyesusedintextile, paper, plas-
tics, leather, food and cosmeticindustries™ represent a
large and important group of chemicalsthat get mixed
inwastewater among the different aqueous pol lutants.

In recent yearsthereisadramatic increasein thean-
nual production of different synthetic dyesrepresenting
morethan 10,000 dyes?. Many dyesincluding azo dyes
and their intermediates havetoxic effectson environ-
ment and human health duetotheir carcinogenicity and
visihility®¥. It wasreported that incompl ete degradation
of dyesby bacteriain the sediment resulted in produc-
tion of some carcinogenic and toxic aminesare often
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Figurel: Chemical structureof acid green 20 (AG20)

produced™. In addition, presencesof colour substances
inwater body may decreasethelight transmissonwhich
decreasi ng the photosynthesisactivity, leading to de-
creasethegrowth of bacteriaand hence decreasingthe
biodegradation of impuritiesinwater®™. Acid green 20
(AG 20), isan azo dye, hasbeen extensively usedin
textilesand printingindustry and it hasbeen found as
non-biodegradableazo dye. Thereforeitisessentid that
wastewater contaminated withAG 20 dyebegiven some
treatmentsbefore discharge. Thereare many treatment
techniques have been applied to abroad range of wa-
ter and wastewater contaminated with dyesincluding
physical- or chemical-treatment processes®. Thesein-
cludechemical coagulation/flocculation”, ozonation,
oxidation, photodegradationt®, ion exchange, irradia-
tion, precipitation and adsorption. Severd critical re-
views on current treatment technologies were re-
ported®. These varioustechniquesrequire different
toolsand variouscostsand havelimitations. It hasbeen
reported that the adsorption onto activated carbon, have
proved to bethemost efficient and reliablemethod for
the remova many pollutantsincluding different dyes”.
Although commercid activated carbonisvery effective
adsorbent, itshigh cost requiresthesearch for dterna
tivesand low-cost adsorbents'?. To overcomethehigh
coast of activated carbon, many researchershavefo-
cused to devel op both cheaper precursorsfor activated
carbon and another low-cost adsorbents. Several low-
cost adsorbents have been tested for removing dyes!
including pest, pith, Orange ped, Indian Rosewood™,
cellulose based wastes, giant duckweed, bananapith
and other agricultura by-products*@. Ontheother hand,
water hyacinth (WH) isthe most productive aquatic
plant found widdly in different water bodiesin Egyptin
addition to other countries. The high growth rateand
availability of WH led to the presence of many aquatic
and environmental problemd*3%4l, Severd trialshave
been proposed to use this aguatic plant in the produc-
tion of biogasto solveitsenvironmenta problemg?3.
Also, water hyacinth wasreported to be very effective
inremoval of organic pollutantsincluding dyeg 3151,
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To make better use of thisabundant plant, the present
study, an attempt to use water hyacinth stems, as
nonconventional low-cost adsorbent for removal of
AG20 dyefrom aqueous solution. The capacity of ad-
sorbent for adsorbate (such as SWH for AG20) isob-
tained by adsorptionisotherm mode whichistheequi-
librium rel ationshi ps between adsorbent/adsorbate sys-
tems. It isimportant to select the best isotherm model
representing the experimental dataand could be used
for thedesign purposes. Inthisstudy threetwo-param-
eter equations (Langmuir, Freundlicht*"® and
Temkinl**2% have been used to describe the sorption
process of AG20 onto SWH. Also, linear regression
analysis method was used to determining themost fit-
ted model and finding its parameterg?Y.

EXPERIMENTAL

Chemicals

Acid green 20 (AG20) is an anionic dye with a
molecular formula of C_H, ,N.Na,O.S, (M.Wt.
586.50 g/mol), was provided by Dyeing company,
Egypt and used inthisstudy without further purification
to evaluate the efficiency of Stem of water hyacinth
(SWH) asanatural adsorbent. Thechemicd structure
of AG20isshowninfigure 1. Hydrochloric acid, so-
dium hydroxidewere used to adjust the pH were pur-

chased from BDH.
Adsor bent

Stem of water hyacinth (SWH) wasused asan ad-
sorbent inthis study. SWH was collected from fields
around Manzalaleak beach in Egypt. Adsorbent was
air dried and washed severd timeswith distilled water,
dried again then ground well and thesizedistribution
wasdetermined usngasieve. Twodifferent mesh szes
of SWH were used in this study 20-30 and 30-40.

Prepar ation of dyesolutions

Acid green 20 (AG20) wasused inthisstudy asan
environmentd pollutant. Stock solutions (500 mg/L) of
A G20 dyewere prepared by dissolving therequired
amount indistilled water. Cdibration curvesand batch
experimentd solutionswereobtained by dilutingthedye
stock solutionsin accurate different initial concentra-
tions(5.0t0 30.0 mg/L).
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Adsor ption studies

In batch adsorption experiments, certain amounts
of SWH wereadded into several 20 mL bottles, each
containing 20 mL solution of AG20 dyewith aninitia
concentration of 20 mg/L. Then thebottleswerestirred
at 450 rpm for 9 hrsusing amagnetic stirrer at room
temperature. SWH in the samples was separated by
centrifugation andthe concentrationsof dyeat any time
(C) weredetermined in the supernatant solutions. Ad-
sorption isothermswere determined by introducing
0.02g (1.0g/L) SWH to respective 20 mL of different
dye concentrations (5-30 mg/L ) at room temperature.

Effect of adsor bent mass

Toinvestigatethe effect of adsorbent mass, differ-
ent mass of SWH 0.004t00.04 g (0.2- 2 ¢g/L) was
introduced to anumber of glasstubes contai ning aspe-
cificvolume(20mL) of afixedinitia concentration (20
mg/L) dyes solution at the same pH and room tem-
perature. Concentrations of A G20 were measured at
equilibrium.

Effect of mesh size

To study the effect of mesh size adsorbent, various
mesh sizeswere ground ranging from 20 to 40 mesh
Szeand wereadded to thesample solutionin different
tubeswiththesameinitia concentration (20 mg/L) of
AG20 dye. After stirring the solutionsto the specific
time, sampleswere centrifuged to removethe adsor-
bent and analyzed.

Effectsof initial dyeconcentration (C) and con-
tact time

To evauatetheeffect of both contact timeand ad-
sorption kinetic, experimentswere conducted at differ-
ent periodsusing same system.

Analytical methods

Standard solution of AG20 dyewas used to obtain
cdibration curves. A double beam UV-vis spectropho-
tometer Perkin Elmer wasused for determining the con-
centrations of dye solutions. For each adsorption ex-
periment, sampleswerewithdrawvn atinterva timesand
the adsorbate (SWH) was separated by the centrifuge.
Then concentrations of residual dye solutions were
measured at itsmaximum absorption (A__ ) correspond-
ing to the maximum absorption for AG20 dye solution
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(A, =636 nm).
Theamount of dye sorbed at any time, g, wascal-
culated from
V(C o —Ci )
Q=W
At equilibrium, q=q, and C=C_; therefore the
amount of sorbed dye, g, wascal culated from
V(C,-C.)
Q="
whereC , C.and C_aretheinitia concentration, con-
centration at any time and equilibrium concentrations of
dyesolution (mg/L), respectively, V isthe volume of
thesolution (L), and W isthe mass of adsorbent (g).
Thedyeremoval percentage can becal culated asfol-
lows

(1a)

(1b)

Removal % =

(Co _Ct)
C

[o]

x 100 )

Equilibriumisotherm modeling

Study the adsorption equilibrium of thedyeon the
adsorbent materid saredescribed by isotherm models.
Theexperimentd dataat equilibrium betweentheamount
of adsorbed dye (q,) on the adsorbent (SWH) and the
concentration of dyein solution (C) at constant tem-
perature and pH were used to describe the optimum
isothermmodd. Inthisstudy differentisothermmodeds
namdy; Langmuir (four isotherm forms), Freundlichand
Temkinwereused to describetheequilibriumdata. The
linear and nonlinear formsof thesemodelsareshownin
TABLE 1.

Langmuir isotherm

The Langmuir isotherm model (derived by Irvin
Langmuir, 1916) isused to predict the sorption of aque-
ous compounds onto asolid phase*”*, Thismecha-
nistic model assumes that a monolayer of adsorbed
material (inliquid phase) isadsorbed over auniform
adsorbent surface (aflat surface of solid phase) at con-
stant temperature and that the distribution of the com-
pounds between the two phasesis controlled by equi-
librium congtant. Thus, inthiscase, itisdescribing the
rel ationship between the amount of adsorbed AG20
dyeat equilibrium (g,) anditsequilibrium solution con-
centration (C) over auniform adsorbent surface (SWH)
at constant temperature according to equation (3). The
model assumed that when A G20 dyemolecul eadsorbed
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to aspecific siteon SWH surface, no other molecule
can attach tothat site. Hence at equilibrium both rates
of adsorption and desorption areequal, the Langmuir
equationisderived by somemathematical manipulation
&

q, K, C,
9=7.K C, ©)
where, g (the maximum capacity of adsorption, mg/
g,) andK (aconstant related to the &ffinity of thebind-
ing Sites, L/mg,) arethe Langmuir isotherm constants.
Bothq andK will greatlyimpact thecondusionsmade
about the experimental data. It isknown that theiso-
therm constants can be determined by asmplemethod
of equation optimization by linear regression?, That
istotransform theisotherm variablesto alinear form
and thento gpply thelinear regresson andysisof known
C,and g, vaues. Therearefour common linear regres-
sion methods used for optimizing Langmuir equation,
called; Langmuir (Langmuir-1), Lineweaver-Burk
(Langmuir-11), Eadie-Hofstee (Langmuir-I11), and
Scatchard (Langmuir-1V)i23, Langmuir-I linear regres-
sion (proposed by Langmuir, 1918), hasvery littlesen-
sitivity to dataerror and has somebiastoward fitting
the datain the middle and high concentration range.
Thelinear form of thesefour different equation will be
used tofit theequilibrium dataaswill be discussed later
on.

Freundlichisotherm

Freundlichisothermmodd isassuming that thead-
sorption processtakes place on aheterogeneous sur-
face. The Freundlich exponentia equation**8, isgiven
&

g, =K. C¥" 4)
where, K_(mg/g, dry weight, (L/mg)"") isanindicator
of the adsorption capacity and 1/nisthe adsorption
intensity and indicatesboth the rel ative distribution of
energy and the heterogeneity of theadsorbent sites. The
linear formisderived by taking thelog of thetermsas
showninTABLE 1.

Temkinisotherm

Temkinisotherm model™®® was used aso to test
the adsorption potential of SWH toAG20 dye. This
modél istaking into account the effectsof indirect ad-
sorbate/adsorbate interacti ons on the adsorption pro-
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cess. Also, themodel isassuming that the heat of ad-
sorption (AH_,) of al moleculesinthelayer decreased
linearly by increasethe coverage. Thelinear form of
Temkinisgivenasfollow:

RT RT

qe=EInKT+KInCe (5)

where, Riscommon gas constant (0.0083 kJ/mol K),
T isthe absolutetemperature (K), 1/b_ isthe Temkin
constant related to heat of sorption (kJ/mol) whichin-
dicatesthe adsorption potential (intensity) of the ad-
sorbent and K (L/g) is Temkin constants rel ated to
adsorption capacity. Theliner plotsof g, versusinC,
according to Eq.(5) enableto determinethe constants
1/b, and K from the s opeand intercept respectively.

RT
It should be noted that the constant 7, isrepresented
T

_RT
asB=p—.

T

RESULTSAND DISCUSSION

Effectsof initial dyeconcentration (C ) and con-
tact time

A 0.029(1.0g/L) of SWH was added t0 0.020 L
of different concentrations (5-30 mg/L) of AG20 dye
solution and experimentsconduct at room temperature
for 9.0 htotest the effect of initial concentration and
contact time on the adsorption of AG20 dye. Fromthe
six differentinitial concentrationsof AG20 dyestudied,
theresults of two concentrations, thelowest (5 mg/L)
and highest (30 mg/L), areshowninfigure2. Itisindi-
cated that the adsorption of AG20 dyeonto SWH in-
crease astheinitial concentrationsof thedyeand con-
tact timeincreased. At thefirst hour of the adsorption
process, astheinitia concentrationsof thedyeincreased
6times(from5to 30 mg/L), theadsorbed amount onto
SWH increased morethan four times(from 1.88t0 7.9
mg/g). Also, asthe contact timeincreased to 9.00 hr,
the adsorbed amount (g,) increased morethanfivetimes
(from 3.54t0 19.17 mg/g). Theresultsshowed that the
uptake of the dye by the adsorbent (SWH) depends
ontheinitia concentrationsand contact time. Thisis
becausetheinitia dye concentrationsact asthedriving
forcethat increasesthe masstransfer of AG20 dyefrom
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Figure6a: Langmuir isothermtype(l) and type(l1) for theadsor ption AG20 onto SWH, (T =293 K, SWH dosage=1.0g/L,
[AG20]i =5-30mg/L,V =0.020L)
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L,[AG20]i=5-30mg/L,V =0.020L)
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Figure7: Plot of separation factor versusinitial AG20 con-
centration, (T =293K, SWH dosage=1.0g/L,[AG20]i =5-
30mg/L,V =0.020L)
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Figure9: Temkin isotherm datafor theadsor ption of AG20
onto SWH, (T =293 K, SWH dosage=1.0g/L,[AG20]i =5-
30mg/L,V =0.020L)

agueous sol ution onto the surface of SWH. Also, it can
be seen fromfigure 2 that the adsorption of AG20 dye
wasvery rapid during thefirst threehour, andincreased
gradually during the second three hour until reached
equilibrium. During the adsorption process, sol utions
withdifferentinitial concentrationspossbly will reach
equilibrium at different times. Thismay bedueto the
timerequired for the dye mol ecul esto encounter the
boundary layer effect, then diffuseto the surface of the
of theadsorbent and finally diffuseto the porous struc-
tureof the adsorbent(?4. Therefore, solutionwithinitial
concentration of 5mg/L (lower amount of dye) reached
equilibriumfirst at about 4 h, whilesolutionwithinitid
concentration of 30 mg/L (highest amount of dye) takes
longer time and reached equilibrium at about 6 h. To
ensure compl ete equilibrium of the data, adsorption
sampleswere collected at 9.0 h. It was noted that as
theinitial concentration of AG20increased from 5to
30mg/L, theremova of AG20 a equilibrium decreased
by about 13% (from 75.97 to 66.38%). Thismay be
because the masstransfer driving forceincreases by
increasetheinitia concentration whichwouldleadto
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Figure8: Freundlich isotherm data for the adsor ption of
AG200onto SWH, (T =293K, SWH dosage=1.0g/L, [AG20Q]i
=5-30mg/L,V =0.020L)
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Figure10: Intraparticdediffuson plot for adsor ption of AGB20
dyeonto SWH for different initial dyeconcentrations; (T =
293K, pHi=3.0, SWH dosage=1.0g/L,V =0.020L)
increasetheadsorption of AG20. Similar trend for other
dyeswasreported by researcherg 2,

Effect of solution pH on dyeremoval

Experimentswereconducted at 20mg/L initid dye
concentration, 1.0 g/L SWH dose, and 9.0 h contact
timeat room temperature to study theeffect of solution
pH onthe% removal of AG20 dyeasshowninfigure
3. Itisindicated that remova of AG20 dyereaching a
maximum in acidic medium and decreased by increas-
ingthepH vauesindkadinemedium. The%remova of
AG20 dyein acidic medium (pH3) reached 64.44%
and becomelessthan 1% at pH 10. Thevariationsin
the pH valuesfrom acidic to alkaline medium would
affect the adsorption rate because both the degree of
ionization of dye moleculesand the surface properties
of the adsorbent (SWH) would vary. Itispreviously
reported that the adsorption processincreased by in-
creasing the el ectrostatic attraction. Thusanionsare
favorably by the adsorbent at lower pH valuesdueto
presence of H *ions, whileadsorption of cationsare
favorably a higher pH valueswhich ledtoincreasethe
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TABLE 1: Different isstherm modelsused in thisstudy and their linear for ms

Isotherm Nonlinear form Linear form Plot
C 1 1 C.
Langmuir —I(Langmuir 1918) —=£ =(—JCe +( J —VSC,
qe qm K L qm €
1 1 1 1 1 1
Langmuir —1l(Lineweaver-Burk 1934 —= —+|— —VS.—
g ( ) q = KLCe qe (KLqm)Ce (qm) qe Ce
° 1+K, C, 1 \q q
Langmuir —I11(Eadie-Hofstee 1942,1952) J.=0, -| —|= g.VS.—=
K., )C, C.
. de _ de
Langmuir —IV (Scatchard 1949) e K. g, =K., C—VS.qe
. n 1
Freundlich q.=K.CY Iogqe=logKF+HlogCe logq,VS.logC,
RT RT RT
Temkin g.=—In(K;C,) g.=—InK;+—InC, g.vVS.InC,
b, b, b,

presence of OH -~ ionsasaresult of increasethe elec-
trostatic attraction in each casd. Thus performing the
adsorptioninacidic medium, at pH 3, would increase
the positive charge on the adsorbent surface causing
increasein thee ectrostati ¢ attraction between anionic
dyemolecules (AG20 dye ) and the surface of SWH,
henceincreasi ng the adsorption rate of AG20 dye. On
the other hand, the negative charge on the surface of
theadsorbent (theamount of OH-ions) would increase
by increasethepH inakainemedium. Presenceof high
concentration of OH-ionswould makethem compete
effectively with anionic dye molecules (AG20 dye)
causing adecreasein theamount of dyeadsorbed. This
result can befurther proven by oppositebehavior shown
for the adsorption of cationic dyessuch asmethylene
blue(MB)™. It wasfound that thehigh adsorptionyield
was obtained a pH 8-10. Thisbecause performing the
adsorptioninakainemedium, at pH 8-10, wouldin-
crease the negative charge on the adsorbent surface
causingincreaseinthe el ectrostati ¢ attraction between
cationic dye molecules (MB+) and the surface of the
adsorbent, tripoli, henceincreasing the adsorption rate.
Also, amilar trend was shown by theadsorption of some
metal sonto different adsorbentg %,

Effect of adsorbed dose

At congtant initial concentration of AG20 dye (20
mg/L), different doses of SWH (0.5to 2 g/L) were
added to dye solutions (0.020 L) to study the effect of
SWH doseon AG20 dye adsorption. Resultsinfigure
4 showsthat the % removal of AG20 dyein thefirst

stageincreased rapidly with theincreasein adsorbent
dosethenincreased d owly with further increasein ad-
sorbent dose. It can be seen that at 1.0 g/L of adsor-
bent dosethe color removal of dyereachedthemost at
76.34%, then increase the dose of SWH from 1.0to
2.0 g/L resulted only in about 4.9 % more to reach
81,21%. Thus 1.0 g/L of SWH was chosen asthe op-
timum dose and used in thefurther experiments. The
increasein % remova of AG20 dyewiththeincreasein
the amount of SWH up to 1.0 g can be assigned to
increase in both the surface area and the adsorption
sitesto AG20 dye molecul e, The adsorption of
different dyes'! such asindigo carminedyeand meth-
ylene blue onto rice husk ash, grass waste and onto
bamboo-based activated carbon®” respectively was
reported with smilar trend.

Effect of mesh size

Resultsinfigure5indicated thet usng different mesh
sizesof SWH adsorbent lead to rgpid remova of AG20
dyteuptothefirst 4.0 h of the experiment. However,
thedataobtained at 4.0 h, show that using mesh size of
30 -40 mesh resulted in the higest uptake of the dye
with 74.17% col or remova compared to 46.55 % col-
oreremoval by using mesh size of 20-30 mesh. Thus
mesh size 30-40 mesh was asthe optimum for further
experiments. Increasetheremoval of AG20 dyewith
increase the mesh sizemay beduetoincreasethebind-
ing activesitesfor dye molecul es. Percentageremova
of some cationic dyes from agueous solution by
bi oadsorption onto granular cucumis sativawas also

e Snoivonmental Science

Hn Tndéan g%wumé



264

Current Research Poper

TABLE 2: Summary of thevalueof langmuir, freundlich and
temkin isotherm constantsfor theequilibrium adsor ption of
AG20dyeonto SWH

Isotherm model  qm(Mg/g) T{ ?T/?:;r)s R?
Langmuir-| 45.45 0.09 0.809
Langmuir-11 200 0.016 0.999
Langmuir-111 36.527 0.117 0.511
Langmuir-1V 60.09 0.060 0.511

K g (L/mg) N R?
Freundlich 3.597 1.23 0.957

br(kJ/mol)  Kr (L/mg) R?
Temkin 0.285 1.556 0.980

increased by increasing the adsorbent dose™.
| sothermsfor the sor ption of AG20 dyeonto SWH

Inthisstudy the best-fitting i sotherm model to de-
scribethe adsorption dataof AG20 dyeat equilibrium
has been determined by common two parametersmod-
elssuchasLangmuir, Freundlich and Temkin equations
(TABLE1) usinglinear and nonlinear regresson meth-
ods. Applicability of these equationswascompared by
judging the correlation coefficients (R?).

Langmuir isotherms

Thefour different formsof Langmuir isotherm model
may result in different parameter estimatesasreported
previoudy®!. Thetypicd resultsfor thelinear formsof
Langmuir-I and Langmuir-11 (more popul ar equations)
areshowninfigure 6a, while other two linear forms
((Langmuir-I11 and Langmuir-1V) are showninfigure
6b. Thevaluesof Langmuir constants, the maximum
sorption capacity (g, ), theadsorption equilibrium con-
gant (K, ) andthevalueof the coefficient of determina-
tion (R?), are presented in TABLE 2. Theresultsindi-
cated that linear form of Langmuir-11 model showsthe
minimal deviation from thefitted equation asindicated
by thevalue of R? as0.999. However, thevalue of R?
for Langmuir-1 modd isequal to 0.809. Also, thevaue
of Rfor both Langmuir-111 and Langmuir -1V isalmost
thesameand equal to 0.511. It wasproposed by Jaynes
and Boyd* that when the val ue of the correl ation co-
efficient (R?) isgreater than 0.89, the adsorption data
would follow the Langmuir model. Furthermore, the
sorption capacity, q whichisameasure of the maxi-
mum adsorption capacity corresponding to compl ete
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TABLE 3: Weber-Morrisparameters

[dye],mg/L K 1q R? K 2 R?
5 1542 0945 0203  0.999
10 3297 0992 0571  0.999
15 4992 097 0479  0.905
20 6.951 0975 067 0951
25 7.709 0988 1436  0.942
30 7858 0995 3642 0.858

monolayer coverageisreportedin TABLE 2 ascal cu-
lated from the plots of the four different forms of
Langmuir model. Linear form of Langmuir-11 provided
the highest mass cagpacity (200 mg/g) of SWH for AG20
dye. Thus comparing the correl ation coefficient (R?)
vauesof thefour formsof Langmuir and the maximum
adsorption capacity, Langmuir-11 mode wasthe most
satisfactory model to describethe equilibrium datafor
the adsorption of AG20 dye onto SWH asindicated
by thevaueof R? (R?=0.999>.89). It should be noted
that thefour different linear formsof Langmuir isotherm
resulted different vauesfor Langmuir constants(q,_and
K ) and the coefficient of determination (R®) asshown
in TABLE 2. This is because the linearizations of
Langmuir nonlinear equation affect thecal culationsby
altering theerror structure and viol ate both the error
variance and normality assumptions of least square
method®,

Separ ation factor

Separation factor (R ), is a dimensionless con-
stant’??, anditisagood characteristicsof the Langmuir
isotherm. R , can be expressed in thefollowing equa-
tion:

1

Ri=Tik c, ©)

where, C_(mg/L) isthehighestinitial concentration of
adsorbate, and K (L/mg) isLangmuir constant which
itisrelated totheenergy of adsorption. Thevalueof R
indicates the shape of theisothermto be either linear
(R_=1),unfavorable(R >1),favorable(0<R <1),
orirreversible(R =0). ThustheR, vauesbetween 0
and 1indicatefavorable adsorption. For adsorption of
AG20dyeonto SWH, R valuesobtained asshownin
figure7 areintherangeof 0.658-0.923 (lessthan unity),
indicating that theadsorption of AG20 onto SWH isa
favorable processand the datafits Langmuir isotherm
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model. Thus SWH isagood adsorbent for AG20 dye.
Freundlichisotherm

Equilibrium adsorption data of AG20 dye onto
SWH wastested with Freundlichisothermmoddl. The
linear plot of Freundlichisotherm (plot of log geversus
log Ce) isemployed to determinetheintercept value of
K. andtheslope 1/n_asshowninfigure8. Thevalues
of K,and n_aongwith R? caculated fromtheplot (Fig-
ure8) aregivenin TABLE 2. Theresults showed that
the correlation coefficient value (R? = 0.957) of
Freundlichislower than the R? value of Langmuir-I|
isotherm (R? = 0.999). In addition, the value of ad-
sorption intensity parameter (1/n) isameasure of the
deviation degreefrom linearity (favorability) of thead-
sorption’® and the high value of 1/n indicates the
favorability of the adsorption process. Theresultsshow
thevalue of 1/n=0.867, which iscloseto the unity.
Therefore, Freundlichmode isstill agood model to
describe the adsorption dataasindicated by relative
high valueof both 1/nand R2.

Temkinisotherms

Also, to evd uate the adsorption potentia of SWH
for AG20 dye, another mode such as Temkin adsorp-
tionisotherm mode waschosentofit with theequilib-
rium adsorption data. Thelinear plot of the Temkiniso-
thermisillustratedinfigure9. Theparameters, K and,
b, of the Temkin equiation havebeen cd culated for AG20
dyeandarelistedin TABLE 2. Andysisof Temkin con-
gantsfor AG20 dyeremovd showed high valueof both
adsorption capacity, K., (1.556 L/g) and the value of
R?(0.980). Thusalthough the dataisbetter fitted by
Langmuir, it can also be modeled by the Temkin iso-
therm, asindicated by the greater coefficient of corre-
|lation (R?). Furthermore, the constant b, reflectsbond-
ing energy whichinturn dictatesthetypeof interaction,
waslow vaue (0.285 kJ/mol) indicating that the inter-
actions between the AG20 dye and SWH are neither
purely through ion-exchange nor purely through
physisorption. Similar trend wasreported previousy
by other researcherd®¥.

Intraparticlediffusion study

In order to investigate the mechanism of theAG20
adsorption onto SWH, intra-particle diffusion based
mechanismwasstudied. It isproposed that the uptake
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of theadsorbate (A G20 dye) by the adsorbent (SWH)
variesalmost proportionately with the squareroot of
the contact time (t2). Weber and MorriS*! proposed
themost-widely appliedintraparticlediffuson equation
for sorption systemas:

q, =Kt 7
where, g, istheamount of AG20 dyeadsorbed per unit
mass of adsorbent (mg/g) at timet and K theintra-
particlediffusion rate constant (mg/g.min??). Therate
parameter K., of stagei, is obtained fromthe slope of
thestraight lineof o, versust'. If intraparticlediffusion
isthe mechanism of the adsorption process, then the
plot of g, versust?will belineandif the plot passes
through theorigin, then theratelimiting processisonly
dueto theintraparticlediffusion*®. Otherwise, some
other mechanismdongwithintraparticlediffusonisdso
involved®, Figure 10 presented theintraparticlediffu-
sonmodé. Theresultsindicated that the plot of g, ver-
sust¥2werenot linear over thewholetimerange. Fur-
thermore, it may be seen that theintra-particlediffusion
of AG20 dye occurred in 2 stages. Thefirst straight
portion isattributed to themacroporediffuson (phase
) and the second linear portionto micro-porediffusion
(phase 1), Theintra-particlediffusion constantsfor
these 2 stages (K, and K,,)) are givenin TABLE 3.
Therefore, the adsorption of AG20 dyeonto SWH in-
volved more than one process and the intra-particle
transport isnot the rate-limiting step. Suchfinding is
similar tothat madein previousworkson adsorption™.
In addition, therate constants of intra-particular diffu-
sionon SWH wereslow andincreased by increasethe
initial dye concentration, hence AG20 dye, asabig
molecul e, diffused slowly among the particlesduring
the adsorption process. Similarly, D.N.Jadhav et a.*3,
reported slow rate of sorptionin casesof larger mo-
lecular dyessuchasacidic, basic and dispersedyeson
sawdust, polymerized sawdust and sawdust carbon. On
the other hand, the sorption ratewas generally faster
andwasnot affected and intraparticlediffus onwasthe
rate-limiting stepin cases of sorption of meta iong™.

CONCLUSION

The adsorption of AG20 dye onto SWH was stud-
ied. Among thefour different formsof Langmuir iso-
therm modd, the equilibrium datawasfitted very well
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with Langmuir-11 equation. The equilibrium capacities
based on the Langmuir analysiswas 200 mg/g. Also,
theequilibrium datacan be modeled by Temkin aswell
asFreundlichisotherm modd sasindicated by indicated
by the greater coefficient of correlation (R?). Thelow
vaueof theTemkin constant b, (0.285 kJmol) indicat-
ing that the interactions between the AG20 dye and
SWH arenot controlled by oneprocess. Intraparticle
diffusonwasnot therate-limiting sep. However, AG20
dyediffused d owly among the particlesduring thead-
Sorption process.
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