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Abstract: Elephant Dung Activated Carb@BDAC) prepared by acid treatment was used as arfrisndly
adsorbent for the removal of a textile dye, Crystallet (CV) from an aqueous solution. Batch adsiorp
experiments were carried out to determine the kingtermodynamic and isotherm parameters by vgrtfie
initial dye concentration and temperature. The galgm kinetic data were correlated with Pseudst forder,
Pseudo second order and Elovich models. Pseudondemmler kinetic model fitted very well with the
experimental data. The mechanism of adsorptiongswas determined by studying the intra partiéfasion

and liquid film diffusion models. The effect of pbth percentage removal of CV was studied. It wasdahat
the maximum adsorption took place in neutral aricilade medium. The thermodynamic parameters like
Gibb’s Free energy changa®), Entropy changeAS) and enthalpy changaHll) were calculated. The results
indicated that CV adsorption process was endotleeamil spontaneous. The experimental data werelaieae
with Langmuir, Freundlich and Temkin adsorptiontimsm models. The data was best represented by
Langmuir isotherm model.

Keywords: Elephant dung; Crystal Violet; Adsorption; Kinetid hermodynamics; Activation energy;
Isotherms.

Introduction

Textile and dyeing industry effluents can creatdosis environmental pollution problems when theg ar
discharged into water bodies. The untreated efffupossess toxic dyes and pigments which impaoucaven
at low concentration. These hazardous materialsctfphotosynthetic activitybecause of reduced light
penetration. So it is important to adopt some tneat methods before discharging the effluents weter to
reduce the harmful effects. The methods employethimremoval of dyes from wastewaters include eotde
decolourisatiofy chemical oxidatiot) reverse osmosision exchangeand biological treatmehtThese physico
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chemical methods are less efficient, expensivepraduce wastes which are difficult to dispose. Amtmese
methods, adsorptidronto activated carbon has been proven to be that eftective method for the color
removal in terms of initial cost, simplicity of dgs, easy operation and insensitivity to toxic sahse&
Adsorption is more advantageous than the othevarttional methods due to its sludge free cleange® and
high adsorption capacity for the colored particlekawever, usage of commercial activated carbon for
adsorption has some limitations like high cost esgkneration problems. This has necessitated thleraxon
of some effective, cheaper and easily availabkrraditives. Such alternatives include low cost atdig carbons
prepared from natural products like date *pitmgassg, fruit stones and nutshelts Jute fibet, rice husk¥’,
plum kernel$' and coconut sheffs Activated carbons prepared from various prodicts widely used as
adsorbents due to their high adsorption capacitiygel surface area and micro porous structure. Tide w
usefulness of activated carbon as adsorbent isult if their chemical and thermal stability.

In this paper, an attempt has been made to utiitizated carbon prepared from elephant dung #r th
removal of CV, a basic dye from aqueous solutiome Eero or negligible cost of elephant dung makés t
project feasible and cost effective. The main dbjes of the study are: Evaluating the performaoicasing
elephant dung as a low cost activated carbon amyisig its application to remove CV from wastewater
through batch adsorption experiments; Studyingatisorption mechanism through kinetic and equilitriu
data; determining the thermodynamic and adsorp$ioiherm parameters.

Experimental
Adsorbate

Crystal Violet (CAS No0.:548-62-9; Molecular formul&,sNs;Hs,Cl; Molar Mass: 407 max 584 nm) was
procured from Sigma Aldrich and used as receivettoauit further purification. A stock solution of tliye
(1000 mg/L) was prepared by dissolving the dyeistilted water. Dilutions of required initial conagations
(10, 20, 30 and 40 mg/L) were made.

Adsorbent
Preparation and characterization of EDAC was relirt our previous paper
Batch adsorption experiments

Batch adsorption experiments were conducted toydtuel effects of contact time, temperature and pHhe
adsorption of CV by EDAC and to investigate the ratoal kinetics, thermodynamics and the adsorption
isotherms. Batch adsorption experiments were chwig at room temperature by taking different alitlye
concentrations (10, 20, 30 and 40 mg/L). 50 mihef dye solutions were taken in 250 ml conical #agfith
desired dosage of EDAC. The conical flasks wera gtfeaken using Labline shaking incubator at a emnst
agitation speed (120 rpm). The samples were wittifiom the shaker at predetermined time intervatsl
the supernatant liquid portions were centrifuged@f®-8C laboratory centrifuge (Remi make) at 260® for

20 minutes and analyzed for remaining dye concgofraspectrophotometrically using Schimadzu UV-1700
PharmaSpec UV visible spectrophotometer. The amoludye adsorbed onto activated carbon was catmlilat
as follows:

0= (Co-Ce) viw )
where, G and G are the initial and equilibrium concentrations (@f the dye solutions respectively. v is the

volume of the dye solution taken and w is the weeajlthe adsorbent used.

Results and discussion

Effect of initial concentration and time

Batch adsorption experiments were conducted toystin@ influence of contact time and initial dye
concentration on the distribution of the dye betwt® adsorbent and the dye solution at equilibrilins also
important to assess the adsorption capacity ohtiserbent for the adsorbate. The effect of conitaet on the
amount of dyes adsorbed per unit time of adsonvaststudied. The effect of contact time on the gudgm of
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CV by EDAC for different initial dye concentratiorsshown in figure 1. It was found that the adforpwas
rapid in the initial stages, increased gradually eeached equilibrium after a particular time. sTeéould be due

to the fact that, in the initial stages of adsanptprocess, the dye molecules reach boundary Idif&rse into
the adsorbent surface and finally into the poregtaf adsorbent. After the initial adsorption o&dwolecules,
the number of unoccupied sites decrease and tloebaate surface approaches saturation. Similar teswdre
reported by several authors using low cost adststéh The equilibrium time was found to be 300 minutes
for 40 mg/L, 270 minutes for 30 mg/L, 210 minutes 20 mg/L and 150 minutes for 10 mg/L. Furtheg th
amount of dye adsorbed increased with an incraaseitial dye concentration. This happened becathse,
increase in initial concentration enhanced theigivorce between the agueous and solid phasemareghsed
the number of collisions between dye moleculesthadadsorbeft The data reveals that the percent removal
of dyes decreases with increase in the dye coratanir suggesting that dye removal by adsorption is
concentration dependent due to the saturationsiration sites on the adsorbent surface. The reagbat, at
low concentrations, the ratio of the number of rooles to the available surface area is low, suleaty the
fractional adsorption becomes independent of initiancentration. However, at high concentratiors t
available sites of adsorption become fewer and dnétme percentage removal of the dye is dependeimtitad

dye concentratidfi

Figure 1: Effect of contact time and initial dye concentratiam
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Adsorption kinetics

The chemical kinetics describes reaction pathwadgsigatime to reach equilibrium, whereas chemical
equilibrium does not give any information about gahways and rate of reaction. Adsorption kinggdsighly
dependent on the physical or chemical charactesisti the adsorbent material. The adsorption ot dyem
liquid to solid phase can be considered as a rikerseaction with equilibrium established betwdba two
phases. Adsorption performance and ultimate cosinofdsorption system depends upon the effectigenfes
the process design and the efficiency of processabipn. The efficiency of process operation rezgiian
understanding of the kinetics of adsorption or tinee dependence of the concentration distributibrthe
solute between bulk solution and solid adsorbenbrier to investigate the mechanism of adsorpioGV
onto EDAC three different kinetic models namely iRkefirst order, Pseudo second order and Elovicteiso
were applied to the experimental data.

Pseudo first order kinetic model

This was the first equation for the adsorption igfiid/solid system based on the solid capatitiio and
McKay, 1999). This model is described as foll&ifsagergren, 1898).

dq/d; = Kq(0e-t) (2)

Where, gandq,; are the amount adsorbed (mg/g) at equilibriumatrtéme, t, respectively and ks the pseudo
first order rate constant (mith After integration by applying conditions, €0 att = 0 and & ¢ at t = t, then
the equation becomes,

log(0-a)=logae-( ky/2.303)t 3)
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A plot (Figure 2) of log (&0, versus time at various initial concentrations, (20, 30, and 40 mg/L) gives
linear lines. The values of; land g, are calculated from the slope and intercept eflot respectively. The
correlation coefficient of pseudo first order kicetnodel obtained for all initial concentrations aelatively
low. This indicates that the sorption of CV does folow pseudo first order kinetics. The inapphddy of the
Lagergren equation to describe the kinetics of dyeption was also observed for the adsorptionyetdising
banana and orange péels

Figure 2: Pseudo first order kinetic model
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Pseudo second order kinetic model

Kinetic data were further treated with pseudo sdcorder kinetic model. Pseudo second order equdgion
based on the sorption capacity of the solid pHa$ae differential equation is given as follows.

da/dt =k(Qe-qp)? (4)

Where, g and g are the adsorption capacity at equilibrium and tirmespectively (mg/g) and, ks the rate
constant of pseudo second order adsorption (g/my.rhiitegration of the above equation for the baupd
conditions t=0 to t=t and =0 tQ gives

1/( g-q)=1/q + kit 5)

The above equation is the integrated law for a ¢@ezecond order reaction. The above equation can be
rearranged to obtain

tig= 1/ keQe” + (L/cp)t (6)

A plot (Figure 3) of t/q versus t gives a linear relationship which prothest the adsorption follows Pseudo
second order kinetics..@nd k are calculated from the slope and intercept of flut respectively. The
equilibrium sorption capacity.gis increasing while increasing the initial dyencentration but a decreasing
trend is observed in the pseudo second order matstant k Moreover the calculated values of equilibrium
adsorption capacity.dor all the initial dye concentrations are in gamgteement with the experimental data. It
is also observed that the correlation coefficiéntalues are higher than pseudo first ordemtues. From the
results it is understood that pseudo second orihetiks describes the adsorption of CV onto EDACcimu
better than pseudo first order kinetic model.

Elovich model

Elovich equation is mainly used to describe thesdorder kinetics assuming that the actual saolithses are
energetically heterogenedtisElovich model is generally expressed as folfGws

dqg/d; =ae™ (7)

Where,a andf are constants. The constaat is considered as the initial rate because/ddg- o as g- 0.
Given that g= 0 at t = 0 andp’ is an indication of the number of sites availafde adsorption. The integrated
form of the above equation is as follows.
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o= (LB)In(t+to)-(1/ B)Into 8
Where §= (/o B). If t>> t it is simplified as

= (1B)In(ap)+(1/B)Int (9)

The parameters andfp are calculated from the slope and intercept ofptlo¢ (Figure 4) of Int versus time
respectively. Lowering db values with increase in initial dye concentratiansl justification of t>>qtpredict
the behavior adsorption of dyes over the whole @aofjvariables studied strongly supports the viglidif
Elovich equation. The initial adsorption ratesincreases while increasing the initial conceigratrom 10 to
40 mg/L. Kinetic parameters of pseudo first orgieseudo second order and Elovich models are listddble
1.

Applicability of each kinetic model equation wasted with the sum of error squares (SSE) using the
following formula®.

SSE = ;Z(qe.exp' qe.ca|) /N (10)

Where, N is the number of data points. A kineticdglchaving higher’values and lower SSE values will have
a best fit with the experimental data. In this gthijher values of‘rand lower values of SSE were observed for
pseudo second order kinetic model. This proved psatudo second order kinetic model provided a good
correlation for the adsorption of CV onto EDAC. 8anreports have already been recorded for theratisn

of Methylene Blue onto bamboo based activated céfp@ddsorption of direct dyes on activated carbon
prepared from sawdif&t Adsorption of Congo red on activated carbon fimir pith?®.

Figure 3: Pseudo second order kinetic model Figure 4: Elovich model
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Effect of temperature

Temperature plays an important role in the adsompgirocess of dyes. Increase in temperature, isesetne
rate of diffusion of the adsorbate molecules actbssxternal boundary layer and into the intepmaiks of the
adsorbent, due to the decrease in viscosity otisoluThe effect of temperature on percentage ramol/CV

is shown in figure 5. The effect of temperature the adsorption of CV was examined by carrying out
experiments at 301K, 308K, 318K, 328K and 338K v@ithml of 40 mg/L dye solution with 100 mg adsoitben
From the results it is observed that the percentag®mval of the dye increased as the temperatareased.
Increase in dye uptake with increase in temperataweals that the adsorption of dyes onto EDAC is
endothermic in nature. When the temperature isasad, the mobility of the dye molecules increasetithe
retarding forces on the diffusing ions decreadeefeby increasing the sorption capacity of the dusd®. The
enhancement of adsorption capacity of the adsodidngh temperatures was also attributed to thergement

of pore size and activation of the adsorbent setfaEquilibrium time of 40 mg/L of CV was reduced fito
300 to 180 minutes. This is due to the reason thetease in temperature, increases the particisitye which
form voids, resulting in a reduced equilibrium tifeSimilar results were reported by Sreelatha et2ail £°
and Ncibi et al., 2007 for the adsorption of reactive dyes (reactivexétl and reactive blue 21) using palm
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shell powder (An Agrowaste) and chitosan as adststend for the adsorption of textile reactive ¢(hgactive
red 228) usind?osidonia Oceanica (L.) fibrous biomass as an adsorbent respectivi@lgm the results it is
understood that increase in temperature incredsesadsorption capacity of the adsorbent indicathmeg
adsorption of dyes onto EDAC is highly dependentamnperature.

Table 1. Kinetic parameters

Concentration (mg/L) 10 20 30 40

Pseudo first order kinetic model

0 e.exp(MQ/Q) 4.986 9.063 13.016 16.286
Qe.ca(MO/Q) 6.024 11.494 16.666 20.408
kx10?(min™) 1.842 1.382 1.612 1.382
r2 0.994 0.963 0.905 0.969
SSE 0.961 1.780 2.412 2.690
Pseudo second order kinetic model
Qe.ca(MA/Q) 4.897 9.527 15.812 17.458
kox10%(g/mg.min)  3.387 1.187 0.788 650.
r2 0.994 0.994 0.995 0.997
SSE 0.605 1.212 2.175 1.902
Elovich model
a (mg/g.min) 0.441 0.549 0.649 0.797
B(g/mg) 0.748 0.384 0.285 0.217
r2 0.990 0.993 0.975 0.972
SSE 0.824 1.817 2.541 2.730

Figure 5: Effect of temperature on percentage removal of CV
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Evaluation of thermodynamic parameters

In order to understand the nature of adsorptios,ifnportant to determine the thermodynamic patarsesuch
as Gibb’s free energy changéQ), enthalpy changeAH) and entropy change\§). Based on fundamental
thermodynamics concept, it is assumed that in@ated system, energy can neither be gained nbafasthe
entropy change is the only driving force. In enmireental engineering practice, both energy and pytiactors
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must be considered in order to determine the speittaof the process. The Gibb’s free energy chqn@ is
the fundamental criterion of spontaneity. Reactionsur spontaneously at a given temperatureA®)(is
negative. If the change in entropys is positive, the degree of disorder was incredsedhe adsorption
reaction. PositivdH values suggested the endothermic nature of atiisorp

Gibb’s free energy changa@), change in enthalpyA) and change in entropp$) were determined
from adsorption affinity parameterKwvhich is the ratio of the amount of dye adsorpedunit mass £to the
equilibrium concentration {f the adsorbate. The value aofiK obtained from the following equation.

K=0/Ce (11)

where g is the concentration of the dye in solid phase @nid the concentration of the dye in solution phase.
The Gibb's free energy changkQ) is calculated as follows.

AG=AH-TAS (12)
The equation can also be written as
INK=AS/RAH/RT (13)

It was observed from the results thAG values obtained were negative which confirmed tha
adsorption of CV onto EDAC was spontaneous. The'tMdoff plot (InK. versus 1/T) of CV is presented in
figure 6 and the thermodynamic parameters evaluated deel lis Table 2. From the results it was found that
the AG values decreased from -85.007 KJ/mol to -90.44/8ndl. This proved the spontaneity and feasibdity
the adsorption proceSs The positive values of\H (40.788 KJ/mol) confirmed the endothermic nature
adsorptio’. The positive values &fS (146.9 J/K/mol) proved the increased randomnetiseasolid solution
interface during adsorption proc&ssNhen the dye molecules get adsorbed on the agtstosurface, water
molecules previously bonded to the surface getselé and dispersed in the solution resulting imamease in
entropy. This is due to the reason that the prelWoadsorbed water molecules which are displacethby
adsorbate species, gain more transitional entrbpy is lost by the adsorbate molecules thus aligwire
prevalence of randomness in the system

The nature of adsorption, physisorption or cherpisons can be found out by the values of Gibbeefr
energy chang@aG. If the AG values are in between -20 to 0 KJ/mol, then tsogption is physical in nature.
For chemisorptions to occukG values should lie between -40 and -800 KJ/tai this study theé\G values
of CV varied from - 85.007 to -90.443 KJ/mol indicg that CV adsorption onto EDAC took place by
chemisorptiom mechanism

Figure 6: Van't Hoff plot
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Table 2. Thermodynamic parameters

Temperature 301 308 318 328 338
(Kelvin)

- AG (KJmol™) 85.007 86.036 87.505 88.974 90.443
AH (KJmol™) = 40.788 AS (J K'mol™) = 146.90

Ea (KJ mol™) = 44.903

Activation energy

Activation energy is an important parameter in tin@dynamic studies because; it determines the tenper
dependence of the reaction rate. In adsorptionegg)yactivation energy is defined as the energyntivat be
overcome by the adsorbate ion/molecule to reaetlst with the functional groups on the surfacethsf
adsorbent. It is the minimum energy required fospecific adsorbate-adsorbent interaction to octhe
activation energy (f for the adsorption of an adsorbate ion/molecutocan adsorbent surface can be
determined from experimental measurements of teerptlon rate constant at different temperaturesraing

to the Arrhenius relation which is given as

k=Ag=RT (14)
Linear form of the above equation is as follows
Ink=INA-EJ/RT (15)

Where, k is the pseudo second order rate constant (g/my Miis a constant called the frequency factqrisE
the activation energy (KJ/mol), R is the univergals constant (8.314 J/K mol) and T is the absolute
temperature (K). By plotting Inkversus 1/T, values of gand A can be obtained from the slope and the
intercept of the plot (Figure 7) respectivi8ly

The magnitude of the activation energy gives aaidbout the type of adsorption. Low activation
energies (5-40 KJ/mol) are characteristics of platsadsorption, while higher activation energie8-800
KJ/mol) suggest chemical adsorpftbonThe energy of activation obtained in this stiglpresented ifable 2.

It is clear from the data that the energy of atiiva of CV found to be 44.903 KJ/mol indicating the
chemisorption type of adsorption.

Figure 7: Arrhenius plot
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Mass transfer studies

It is important to predict the mechanism of adsorpfor the designing of batch adsorerThe mechanism of
adsorption of a sorbate on a sorbent follows a&sei steps. The slowest of these steps conteleubrall rate
of the adsorption process. Generally, pore andyattticle diffusion are often rate limiting in atta reactor
and film diffusion is more likely rate limiting ia continuous flow systeth In this study, both intra particle
diffusion and liquid film diffusion models were slied.

Intraparticle diffusion model

For a solid-liquid adsorption process, the tranefesolute is characterized by external mass tear{sioundary
layer diffusion) or internal diffusion or both. Hewer, the rate controlling parameter might be itisted
between intraparticle and film diffusion mechanidihatever be the case, external diffusion will ireolved
in the sorption process. An intraparticle diffusimefficient k is given by the following equatish

0= kigt"+C (16)

The plot (g versus ¥? of intrapaticle diffusion of CV for different inél dye concentrations (10, 20, 30 and 40
mg/L) is shown in figure 8. The figure shows thia¢re are three different stages of adsorption. ifihial
curved portion is due to the boundary layer diffas{film diffusion), the second linear portion repents the
intraparticle diffusion and the third portion istlequilibrium stage where intraparticle diffusidarss to slow
down and there is no significant adsorption takitece. The slope of the second linear portion efglot q
versus Y2 has been defined to yield the intraparticle ditinsparameter | (mg/g/mirt?). On the other hand,
intercept of the plot represents the boundary l&ffct. The larger the intercept, greater the rioution of
surface adsorption in the rate controlling stepe Tdte constants of intraparticle diffusion mechanare found
to increase with increase in concentration of tyesdIf the intraparticle diffusion is the only edimiting step,
then the lines would pass through the origin; if, tlee boundary layer diffusion also controls tleaption to
some extent. It can be understood from the figthasthe lines did not pass through the origindating that
intraparticle diffusion was not the only rate limi stef°.

Figure 8: Intraparticle diffusion model Figure 9: Liquid film diffusion model
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Liquid film diffusion model

When the solute molecules transport from the liquiidse to the solid phase, boundary layer playsipartant
role in adsorption proce¥sThe liquid film diffusion model is representedfatows.

IN(1-F) = kgt (17)

Where, F is the fractional attainment of equilibmiand k; is the liquid film diffusion rate constant (rin A

linear plot of —In(1-F) versus time, t would suggtmat the kinetics of the adsorption process mstradled by
diffusion through the liquid film surrounding thelisl adsorbeff. The plot of film diffusion of CV for
different initial dye concentrations (10, 20, 30da#0 mg/L) is shown in figure 9. The values qf &re
calculated from the slopes of the respective litieas of the plot. The intraparticle and liquitifidiffusion
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parameters are presented in Table 3. It is sughdésien the results that the adsorption process atsy be
controlled by liquid film diffusion. However, thentercept was not close to zero, indicating indidbga
contribution to the rate from particle diffusfén

Table 3. Isotherm parameters

Langmuir isotherm

b = 0.04 Qm(mg/g) = 21.277 r’=0.994
Co(mg/L) 60 80 100 120 140 160180
R. 0.294 0.238 0.200 0.172 0.152 0.135122

Freundlich isotherm
Ke(mg/g)-2.826  1/n=0.407 r?=0.965
Temkin isotherm

kr(L/g) = 4.2 br (KJ/mol) = 442.06 r?= 0.966

Mechanism of adsorption

Mechanism of sorption is either film diffusion cooited or particle diffusion controlléd Generally three
types of mechanisms are involved in the sorptiatgss, mentioned as folloWs

1. Film diffusion, where the adsorbate ions traveldods the external surface of the adsorbent.

2. Particle diffusion, where the adsorbate ions travighin the pores of the adsorbent excluding a kmal
amount of adsorption that occurs on the exteridiase of the adsorbent.

3. Adsorption of the adsorbate ions on the interiofeme of the adsorbent

In order to predict the actual slow step involvadthe adsorption process, the kinetic data werdadur
analyzed using Boyd model which is given as follws

F=1-6r’exp(-B) (18)

where, Bis a mathematical function of F and F is the foal attainment of equilibrium at time t. F is
calculated using the following equation

F=a/0. 19)

where, gand g are the amounts adsorbed (mg/g) at time t andualilerium respectively. Rearranging the
equation (19)

1-F=6i* exp(-B) (20)
or
B=-0.4977-In(1-F) (21)

The above equation is used to calculate theaRies at different time t. The linearity of thietp B, versus t is
used to determine whether the sorption procesbrigiiffusion controlled or intra particle diffusiocontrolled.

The plot of Bversus t of CV is shown in figure 10 and the rissate presented in Table 3. For film diffusion to
occur, the lines should pass through the origiwals observed from the results that the lines dpass
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through the origin indicating that film diffusiorloae is not rate limiting. So it can be concludedttboth
intraparticle diffusion and film diffusion contrahe adsorption process. It can also be concludatl th
intraparticle diffusion has more control over thlisarption process due to the low linearity of i fliffusion
model.

Figure 10: Boyd’s plot Figure 11: Effect of pH
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Effect of pH

It is important to study the effect of pH of EDA®@ adsorption of dyes because pH is one of the &etpoffs
controlling the adsorption process. Activated carboaterials acquire different types of surface gbar
according to their functional groups present ondhdace of the adsorbent. The interactions wittahtl OH
ions can show amphoteric properties of the carboiace. Change of pH affects the adsorption protessigh
dissociation of functional groups on the adsorbmnface active sites. This leads to a change intioza
kinetics and equilibrium characteristics of theagtion process. Dissolution of basic dyes relemdered dye
cations into solution. Adsorption of these ionscoatlsorbent surface is primarily influenced by sueface
charge of the adsorbent, which in turn is influehbg the solution pH. Hence adsorption is mainlpetelent
on the nature of the dye species and surface cloarfee adsorbent.

The percent removal of 40 mg/L solutions of CV (Fg11) with 100 mg of adsorbent increases from
35.17 % to 80.09 % when pH is increased from 2Maximum removal (80.09 %) took place at pH 7 and no
significant change occurred above pH 7. It was tstded from the results that higher percent remofgéhese
dyes occurred at neutral and alkaline medium. Acsdiution pH did not favor the removal of CV. Tlisuld
be due to the reason that at acidic pH, excésgsit$ compete with the cationic group of the dyeddsorption
sites, thereby lowering the adsorption. As the plihcreased, the surface of the adsorbent becoeyzgively
chargedﬁlwhich enhances the adsorption of posytichlarged dye cations through electrostatic foroes
attraction.

Adsorption isotherm

Adsorption isotherm models are widely used to dbecthe adsorption progress and to investigate the
mechanism of adsorption. The adsorption isotherrdaisoare also fundamental in describing the intemac
behavior between adsorbate and adsorbent. Anagstherm data is important for predicting thesagbtion
capacity of the adsorbent, which is one of the nmEirameters required for the design of adsorptjctem.
Isotherm models are also critical in optimizing thidity of the adsorbeft Adsorption isotherm models clearly
depict the relationship of amount adsorbed by waiight of adsorbent with the concentration of adsot
remaining in the medium at equilibrium. Thus, tleerelation of equilibrium data using either a tretmal or
empirical equation is essential for interpretatamal prediction of the adsorption data. The colirdetpretation
of experimental adsorption isotherm can be realizederms of mathematical equations called adsompti
isotherm model equations. In this regard, varisetherm equations have been used to describe tiildagm
nature of adsorption. Some of these selected mealeisscribe the equilibrium characteristics ofoagton of
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CV onto EDAC are Langmuir, Freundlich and Temkim asotherm models. The applicability of the isother
models to the adsorption study was judged by comgaine correlation co efficient values.

Langmuir isotherm

Langmuir isotherm has been widely used to deschbesingle solute system. Langmuir theory is basedn
assumption that adsorption is a type of chemicahlgpation or a process, and the adsorbed layer was
unimolecular. The intermolecular forces decreaggdha with distance and consequently predict moyeila
coverage of the adsorb&htThis isotherm assumes that adsorption takes pliasgecific homogeneous sites
within the adsorbent and there is no significanéraction among the adsorbed species. This moditlefu
assumes uniform energies of adsorbate in the lariee surfac¥. Theoretically, the adsorbent has a finite
capacity for the adsorbate. Once a dye moleculapies a site, further adsorption cannot take piddhat site
suggesting monolayer coverage of dyes. This inegdhat the adsorption occurs until a monolayer of
adsorption and after the completion of adsorptionnmore interaction between the adsorbent and aalsorb
molecules takes plateThe saturated monolayer capacity can be represénytthe following expression.

0e=bL QoCe/ 1+Q,Ce (22)
The linear form of equation is given as
Cd0=1/ D Qo + GJQo (23)

Where, G is the equilibrium concentration of dye (mg/L), ig§ the amount of dye adsorbed at equilibrium
(mg/g), @ is Langmuir constant related to maximum adsorptiapacity (mg/g), bis Langmuir constant
related to energy of adsorption (L/mg). The Langnconstants @and ly are calculated from the linear plot of
CJge versus gwhich is shown in figure 12. The value of adsamptcapacity @of CV is found to be 21.277
mg/g. The essential feature of Langmuir isothean be expressed in terms of a dimensionless saparat
factor (R), given by the following equation

R =1/(1+ h Cy) (24)

where, G is the initial dye concentration (mg/L), Rhdicates the type of isotherm to be either unfabte
(R.>1), linear (R=1), favorable (0<R<1) or irreversible (R=0). In this study, the Rvalues are found to lie
between 0 and 1, hence suggesting a favorableasoof CV onto EDAC.

Freundlich isotherm

Freundlich isotherm describes equilibrium on hejereous surfaces and hence does not assume manolaye
capacity®. Freundlich model is based on the assumptionatisbrption occurs on a heterogeneous adsorption
surface having unequally available sites with défe energies of adsorptiinFreundlich adsorption isotherm
was originally empirical in nature, but was lateterpreted as the sorption to heterogeneous ssréacairfaces
supporting sites with varying affinities. Moreovéfeundlich adsorption isotherm model stipulatest the

ratio of solute adsorbed to the solute concentraiaa function of the solution. This model is usedxplain

the present adsorption phenomenon, is representdad Hollowing equation.

Ge = Kr C" (25)
The linearised form of the above equation is exggdsas follows:
INge = INKg + 1/n InG (26)

where, K is the Freundlich adsorption isotherm constang)(iélated to the extent of adsorption and 1/n is
related to the adsorption intensity, which variéthwhe heterogeneity of the material. The valuieldoand 1/n
are obtained from the intercept and slope of tlog¢ (Higure 13) of loggversus loge The strength of linear
relationship can be expressed by the correlatiafficeent, ¥ values. This model exhibited slightly inferior
correlation coefficient value than Langmuir model.
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Figure 12: Langmuir isotherm Figure 13: Freundlich isotherm

C, mg/L InC,

Temkin isotherm

Temkin isotherm assumes that the effects of headsbrption that decreases linearly with coverdgth®
adsorbent and adsorbate interactiiris also assumes that adsorption is charactetigedduniform distribution
of binding energies up to some maximum binding gnefhe basic form of Temkin equation is as follows

e = RT In(KrCe)/by (27)
The linear form of Temkin equation is
0e = RTInK1/br + RTING/by  (28)

Where, K is the equilibrium binding constant (L/g) of Temkisotherm, b is the Temkin isotherm constant
(KJ/mol) related to heat of sorption, T is the dbotemperature in Kelvin, R is the universal gasstant
(8.314 J/K/mol). Temkin isotherm is obtained byt g, versus InG (Figure 14) at room temperature. The
parameters obtained from Langmuir, Freundlich agahKin isotherms are summarized in Table 4.

Figure 14: Temkin isotherm

17 1
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Table 4.Intraparticle and liquid film diffusion parameters

Concentration (mg/L) 10 20 30 40

Intra particle diffusion model

kig (g/mg.min*?) 0.366 0.586 0.833 1.016
r? 0.990 0.993 0.996 0.993
Liquid film diffusion model

Kiq (g/mg.min'?) 0.018 0.014 0.016 0.013
r? 0.994 0.963 0.969 0.980
Conclusions

Sulphuric acid treated EDAC was effectively usedmsidsorbent for the removal of CV from aqueolistion

by batch adsorption experiments. From the batchraten studies, it could be concluded that thecgeatage
removal of dye was dependent on contact timeainitye concentration, temperature, and pH . Thdiegum

time was found to be 300 minutes for 40 mg/L, 2748utes for 30 mg/L, 210 minutes for 20 mg/L and 150
minutes for 10 mg/L dye solutions. The kineticad§orption process was investigated using pseustmfider,
pseudo second order and Elovich models. The reshitsved that the adsorption process followed pseudo
second order kinetic model. Mechanism of adsorptvas explained by intraparticle and liquid filmfdgion
models. Thermodynamic studies suggested that thergtibn process was spontaneous and endothermic in
nature. Chemisorption type of adsorption was corgnt by calculating the activation energy using Anias
equation. The experimental data were better reptedédy Langmuir adsorption isotherm model compaoed
Freundlich and Temkin isotherm models.
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