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ABSTRACT

The uncontrolled discharge of dyes into the natural water bodies is a
global environmental concern due to their toxic effects. Increasing
environmental awarenessisforcing waste creatorsto consider new options
such as adsorption for the disposal of colored wastewaters. Due to
prohibitive costs of commercially available activated carbon, low-cost
adsorbents with high adsorption capacities have gained increasing
attention. The present investigation deals with adsorption of methylene
blue on AnthacephalousCadamba leaf powder as activated carbon. The
batch technique was adopted to know the influence of process parameter
such as contact time, solution pH, initial dye concentration, dosage,
temperature on biosorption capacity. Adsorption data were modeled using
the Freundlich, Langmuir, Tempkin and pseudo first order and pseudo
second order kinetic equations. The experimental data fitted well with
pseudo second order kinetic model. Thermodynamic parameters like free
energy (AG), enthalpy (AH) and entropy (AS) of the systemswere cal cul ated.
It was found that the adsorption process was feasible, exothermic and
spontaneous.  © 2016 Trade SciencelInc. - INDIA
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INTRODUCTION

India’s dyeindustry manufacturesvarioustypes of
dyes, of which 50 % arereactive dyes. Approximately,
70 % of the synthetic dyesbel ong to theazo group and
unfortunately, thisclassof dyesisthemost unfriendly
fromtheecological point of view, astheeffluentsare
dowly colored, contain high concentrationsof salt and
present high BOD/COD values¥. Large amounts of
dyesareannually produced and used in paper,textile,
pharmaceutical, food, |eather, cosmetics and other
industries?. Thetextileindustry accountsfor twothirds

of thetota dyestuff market’®. Evenavery smal amount
of dyeinwater (10-50mg/L) affectstheaesthetic vaue,
water transparency and gas solubility in water bodies.
Moreover, it may a so affect photochemica activitiesin
aquatic system by decreasing light penetration. It has
been a so described that several frequently used dyes
arecarcinogenic and mutagenic for aguatic organismg?.
There aredifferent conventiona methodsof removing
dyesfrom aqueous sol utions. Among these methods,
adsorption isagood way the most flexible and widely
used method because of its low cost and eases of
operation. Therefore, thereistheneedtolook for low
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cost optionineasily obtainablebio-materids, which can
adsorb dyes from wastewaters®. In this paper, we
attempt to use activated carbon developed from
Anthacephalous Cadamba |leaves (ACL), as an
adsorbent for theremova of dyesfromwater. Themain
objectiveof thisstudy wasto evaluatethe possibility of
using dried ACL to develop anew low-cost activated
carbon and study its appli cation to remove Methylene
blue (MB) from simul ated wastewater. The various
parameters such as pH, adsorbent dose, initial dye
concentration, timeand temperaturewereinvestigated.

EXPERIMENTAL

Materials

ACL Activated Carbon (ACLAC) is used as
adsorbent for dyeremoval. It isaform of carbon that
has been processed to makeit extremely porousand
thus to have a very large surface area available for
adsorption or chemical reactions.

Prepar ation of activated carbon from leaf powder

Objective of an activation processisto increase
thevolumeand diameter of the pores. Theleaveswere
washed, dried and powdered. The powder was
carefully weighed and put in beaker containing of
chemicassuchasZnCl,and HCI.

The content of the beaker wasthoroughly mixed
until it formsapaste. The pastewasthen transferred to
acrudbleandthecruciblewasplacedinaMufflefurnace
and was heated to 600°C for two hours activated
sample was then cooled at room temperature, and
washed withdistilled water toapH of 67, and dried
inanoven at 90°C for 24 hours. Thefinal product was
keptinanair tight polyethylenebag, reedy for use. Before
for theuse of powder iscrushed and seved. The powder
was screening through 150 mesh and retained pan. The
powder istakenfor the experimental anayss.

Dyesolution

Stock solution of MB, concentration 1000 mg/L
was prepared by dissolving 1g of MB in 1000 ml of
digtilled water. Therange of concentration of prepared
solutionsvaried between 10 and 50 mg/L.

RESULTSAND DISCUSSION

Theexperimenta dataon adsorptionwereobtained
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batch wise to study the effect of parameters on the
removal of dyefrom thesynthetic solutionspreparedin
thelaboratory by ACLAC. All theexperimenta runs
were conducted triplicate.

Adsorption studies
(a) Effect of contact time

TheFigure 1 showed that acontact timeof 30 min
for MB wasrequired to achievean optimum adsorption
and therewas no significant changein concentration of
the dye solution with for sometimeincreasein contact
time. A rapid uptake of adsorbate by an adsorbent is
mainly predominant when applied to wastewater
treatment by means of adsorption which signifiesthe
efficacy of an adsorbent to be used in wastewater
treatment®. Therefore, the uptake and unadsorbedM B
concentration at the end of 30 min are given asthe
equilibrium values, O (mg/g) and Ceq (mg/L). For
further studies of adsorption with other variable
parameters, the time of 30 min has been chosen for
contact period. Andlastly equilibriumtimeisoneof the
important considerations for economical water and
wastewater applications.
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Figurel: Effect of contact timeof M B dyeremoval and dye
uptakeby ACLAC for 10mg/L of dyeat 0.1g/50ml of adsor-
bent concentration

(b) Effect of pH

Theremoval of MB asfunction of hydrogenion
concentration wasexamined at pH 4-12. Theremova
efficiency was found to be highly dependent on the
hydrogen ion concentration of solution. Theeffect of
pH on adsorption efficiency isshownin Figure.2. the
high adsorption yield was obtained at pH 10. The
maximum adsorption efficiency was 95.36% & pH 10
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andthispH issd ected asoptimum pH for further sudies
AsthepH increased the ligands such as carboxyl ate
groups would be exposed, increasing the negative
charge density on the biomass surface, increasing the
attraction of dyeionswith postivechargeand dlowing
the adsorption onto the cell surface!”.
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Figure?2; Effect of pH of M B dyeremoval and dyeup takeby
ACLAC for 10mg/L of dyeat 0.1g/50mL of adsorbent con-
centration

% Dye removal

(c) Effect of initial dyeconcentration

In seriesto study theeffect of initial concentration
of MB inthesolutionsontherate of adsorptionon dye,
the experimentsweretransfer out at afixed adsorbent
dosage (0.1g) and at different initial dye concentrations
of MB (10,20,30,40,50mg/L ) for optimum time contact
(30min) a roomtemperature. Figure 3. showstheeffect
of initial dye concentration ontheadsorption. Generdly
the percentage of dye removal decreases with an
increaseininitial dyeconcentration, which may bedue
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Figure3: Effect of initial concentration of M B dyeremoval
and dyeuptakeby activated carbonfor 10mg/L of dyeat 0.1g/
50mL of adsor bent concentration
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to the saturation of adsorption siteson the adsorbent
surface. At low concentration, therewill beunoccupied
activesitesontheadsorbent surface, andwhentheinitiad
dye concentration increases, the active sitesrequired
for adsorption of the dye molecules will disappear.
However, theincreaseintheinitia dyeconcentration
will cause an increase in the loading capacity of the
adsorbent and thismay bedueto thehigh driving force
for massat ahighinitial dye concentration. In other
words, theresidua concentration of dyemoleculeswill
be higher for higher initial dye concentrations. Inthe
case of lower concentrations, theratio of initid number
of dyemoleculestotheavailableadsorption Stesislow
and subsequently thefractional adsorption becomes
independent of initia concentration.

(d) Effect of adsorbent dosage

For studying the effect of adsorbent dosage on
removal of dye, the adsorbent dosageisvaried from
0.02to 0.1g, fixing the other parameterslikeinitial
concentration at 10mg/L, and pH 10. The contact time
was 30minfor MB stated earlier. The adsorption plot
of Figure4. Showsanincreasein % adsorptionwith an
increase in adsorbent dosage. This is because of
availability of morebinding Stesfor complexionof ions.

(e) Effect of temperature

Theeffect of temperature on % dyeremova was
shownin Figure.5. The percentage adsorption of MB
onto ACLAC decreased from 95.36 t0 90.6% asthe
temperatureincreased from 298 to 318K at 10mgy/L.
The percentage adsorption at higher temperaturelevels
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Figure4: Effect of adsor bent dosage of M B dyeremoval and
uptake (mg/g) by ACLAC for 10mg/L of dyeat 0.1g/50mL of
adsorbent concentration
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shows a decreasing trend because at |lower
temperatures, al dyeions present in solution could
interact with the binding sitesand thusthe percentage
adsorption washigher than thoseat higher temperature.
Thishappens because of moreinteraction of theions
with solution dueto convection®.

Adsorption isotherms
(a) Langmuir isotherm

Langmuir isotherm is a basic expectation that
adsorption takes placesat homogenous siteswithinthe
adsorbent. TheLangmuir isothermmode isrepresented
by thefollowing equation®.

Ceq 1 1

qeq - qumax +qmax Ceq (1)

Where 4, (mg/g™) istheamount of dyeadsorbed per
unit massof adsorbent, C (mg/L) istheequilibrium dye
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Figure6: Langmuir isotherm for MB dyeby ACLAC for
variousconcentr ationsof dyeat 0.1g9/50ml of adsor bent con-
centration

ion concentrationinthesolution, g, ... =~ (Mg/g) isthe
Langmuir constant related to the greater monolayer
adsorption capacity and j; (L/mg) is the constant

related to thefree energy or net enthal py of adsorption.

TheLangmuir congtants ¢],,, and i ; areassessfrom

thesopeandintercept of thelinear plot of C /g versus
C.

e

(b) Freundlichisotherm

Thelinearized form of the Freundlichequationisas
follows
Log = log K+ 1/n log Cq 2
WhereQeistheamount of dyeadsorbed at equilibrium,
Ceistheconcentration of thedyesolution a equilibrium
and 1=nisempirical constant and indicate adsorption
capacity and intensity, respectively. Their valueswere
obtained from theintercepts (In versus InCe.K) and
slope(1=n) of linear plotsof Inq..
(c) Tempkinisotherm

Thederivation of the Tempkinisotherm concluded
that thefall intheheat of sorptionislinear rather than
logarithmic, asimpliedin the Freundlich equation(:.
TheTempkinisotherm hasnormaly been appliedinthe
Freundlich equation. The Tempkin isotherm has
generally been gpplied inthefollowing formi*Y,

=R—:—|n(A-|-Ceq) ©)

Thiscan bewritten as,

Oeq

3 - l’/“
25 _//
g /2/ y=0.6716x+2.1108
= | ¥ 15 - R==0.9973
1 -
05 -
1 0 1 2

InC,
Figure7: Freundlichisothermfor MB dyeby ACLAC for
variousconcentrationsof dyeat 0.1g/50ml of adsor bent con-
centration
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=ﬂlnc +ﬂInAT.

qeq bT eq bT (4)

Where A (L/mg) and b, are Tempkin isotherm
congants.

For Tempkin isotherm the constantsA _, B, were
observed as 0.3387 and 151.60. The correlation
coefficientsobtained from the Tempkin Isotherm moddl
are0.8688 for MB.

The correlation coefficients obtained from the
Langmuir, Freundlich and Tempkin Isotherm models
were found to be 0.9703, 0.9973 and 0.8688.
Freundlich mode was observed to be more suitable,
followed by Langmuir model for theexperimenta data.
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Figure8: Tempkinisothermfor M B dyeusngACLAC pow-
der for variousconcentrationsof dyeat 0.1g/50ml of adsor -
bent concentration

Adsor ption kinetics

Kineticsof adsorption datawasexamined usngtwo
kinetic models, pseudo-first order and pseudo-second
order. Thesemodel s correl ate solute uptake, which are
predominant in forecasting thereactor volume. These
modelsareexplained asfollows:

(a) Pseudo-first order model

The possibility of adsorption data following
[2pseudo-first order kineticsisgiven by
%=Kl(q$_q) (5)

Integrating Eq. (5) with respect to integration
conditions g=0 to g=q at t=0 to t=t, the kinetic rate
expression becomes

K
Iog(qeq—q)=logqeq—mt (6)

—= Full Paper

In order to obtain the rate constant, the straight-
lineplot (Fgure-4.1.14) of log (qeq-q) versustime(t)was
madeof ACLAC powder forinitid MB concentrations,
10mg/l. Theintercept of theabove plot should beequa
tolog 0, However, if O from intercept does not equal
totheequilibrium MB dye uptakethenthereactionis
not likely to be first order, even this plot has high
correl ation coefficient with theexperimenta data. The
correl ation coefficient wasfound to be 0.9675, but the
caculated g_ isnot equa to experimenta Oy suggesting
theinsufficiency of Pseudo-first-order modd tofit the
kinetic datafor theinitial M B concentration examined.

(b) Pseudo-second order model

A pseudo-second order mode suggested by!*® was
usedtoexplanthesorptionkinetics Thismode isbased
on the assumption that the adsorption follows second
order chemisorption. The pseudo-second order model
can beexpressed as

LK, (G -0’ U

Separating thevariablesin Eq. (7) gives:

dg
(deq —a)°
Wheret isthecontact time(min), Oy (mg/g) andq(mg/
g) aretheamount of dye adsorbed at equilibriumand at
any time, t. The correlation coefficientswerefound to
be0.9997 for initial concentrations 10 mg/L. therefore
pseudo second order kinetic model fitted well with the
adsorption process. TABLE 1 givesthe comparison of
Kinetic constants and dye uptake.

=K||dt (8)

Thermodynamicstudies

Thermodynamic parameters such as Enthalpy
change (AH°), free energy change (AG°) and entropy
change (AS°) can be calculated using equilibrium
constants becomedifferent with temperature. Thefree
energy change of the sorption reactionisgiven by the
following equation:

AG®=-RT InK ©)
WhereAG? isstandard free energy changein J, R the
universal gas constant, 8.314 Jmol* K2, and T the
absolute temperature, K. The free energy change
indi cates the degree of spontaneity of the adsorption
process and the negative val ue reflects more firmly
favorable adsorption.
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Figure9: Pseudofirst order kineticsfor MB dyeby ACLAC
for 10mg/l of dyeat 0.1g/50ml of adsor bent concentration
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Figure 10 : Pseudo second order kinetics for MB dye by
activated car bon for 10mg/l of dyeat 0.1g9/50ml of adsor bent
concentration

TABLE 1: Comparision of kinetic studies
Psuedo first order

Psuedo second order

Ky =1.1702 K,=0.27
0e = 1.490mg/g 0e = 4.87mg/g
R?=0.9675 R?=0.997
3
55 | y=10877x-34.002
' R*=0.9586 &
2 - *
5 P
1.5 - /
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1 1 Yy
05 - y
e
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Figure1l: Plot of Lnk vs UT

(10)

"= "RT "R

FromtheFigure.11(i.elnK _versus 1/T) standard
Gibs energy change was found to be-22.91K Jmal,
the standard enthal py change AH ° was obtained as -
66.266K J/mol, whilethe standard entropy changeAS
wasinsisted as-145.47 kJ/mol K at pH 10. Thevaue
of AH° isnegative, indicating that the sorption reaction
isexothermic.

CONCLUSION

Thisstudy established that the adsorbent prepared
fromACLAC, alow cost agricultural waste, could
effectively remove M B from an aqueoussolution. Effects
of processvariables such as contact time, pH, dosage,
initial dyeconcentration and temperatureinfluencethe
adsorption process. Remova of MB usngACLAC can
be best fitted by the Freundlich model. Thekinetics of
adsorption of MB onto ACLAC described well with
the pseudo second order modd . The adsorption of MB
onto adsorbent is a feasible, spontaneous and
exothermic process.
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