Trade Science Ine.

ISSN : 0974 - 7443 Volume 6 Issue 3

CHEMICAL TECHNOLOGY

A Judian Joarnal

—= Ful] Paper

CTAIJ 6(3) 2011 [159-166]

Removal of methylene blue from aqueous solution onto a new
cheap adsorbent (Aracaria cookii bark powder)

Polipalli Kalpana*?, Pulipati King?

Department of Chemical Engineering, GM R I ngtituteof Technology, GM R Nagar,
Rajam, Srikakulam Dist, AndhraPradesh, 532127, (INDIA)
2Department of Chemical Engineering, Andhra Univer sity, Visakhapatnam, AP, 530003, (INDIA)

E-mail: kalpanamtech@yahoo.com

Received: 10" July, 2011 ; Accepted: 10" August, 2011

ABSTRACT

In the present investigation, the biosorption is carried out to test the suit-
ability of abundantly available plant based material Araucaria cookii bark
powder as a biosorbent for removal of methylene blue dye from aqueous
solution. The equilibrium studies were systematically carried out in abatch
process, covering various process parameters that include contact time,
adsorbent size and dosage, initia dye concentration and pH of the aqueous
solution. It observed that there is a significant increase in percentage re-
moval of methylene blue as pH increases from 2 to 4 and then decreases
from 4 to 10. The optimum pH and contact time was found to be 4 and 15
minutes respectively. Equilibrium isotherm data were analyzed using the
Langmuir, Freundlich and Temkinisotherms. The Freundlichmodel yieldsa
much better fit than the other two models. In order to investigate the mecha-
nism of sorption, kinetic data were modeled using the pseudo- first-order
and pseudo-second-order models. Pseudo-second-order equation was the
best applicable model to describe the sorption process. The maximum ad-
sorption capacity of adsorbent was 91.46 mg/g
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Colored materialsand dyes congtitute thefocus of
many environmental concernsbecause of their non-bio-
degradableand polluting nature®34. Thus, prior totheir
dischargeinto receiving waters, thereisaconsiderable
need to treat colored effluents efficiently1192627,

Theconventional methodsfor tregting dyecontain-
ing wastewatersare e ectrochemica treatment’®3, co-
agulaion andflocculation®, chemicd oxidation, lig-
uid-liquid extraction?! and adsorption2°32, Adsorp-
tion has been shown to be an effectiveway for remov-

ing organic matter from agueous solutionsin terms of
initia cost, simplicity of design, easeof operationand
insengitivity totoxic substances.

Consequently recent research work has been fo-
cused towardsalternativelow cost adsorbentsfor the
sorption of dyesonto media, namely agriculturd solid
waste?, sand?, cellul ose based waste™, palm ker-
nel fibre, dead funga biomasslikefunaiatrogii', fly
ash®1, cephal osporium aphidicolace 19, aspergillus
nigert® etc., have been studied.

Inthe present work, Aracaria cookii bark (ACB)
wasused aslow cost adsorbent for removing methylene


mailto:kalpanamtech@yahoo.com

160

Removal of methylene blue from aqueous solution onto a new cheap adsorbent

CTAIJ, 6(3) 2011

Full Paper ==

blue (M B) from agueous sol utions. Being cheap precur-
sor, it hasbeen used asbiosorbent. Severa process pa
rameterssuch ascontact time, pH, initial dye concentra:
tion, average particle size and bi osorbent dosagewere
explored. Theratelimiting step of thebascdyeonto the
bi osorbent was determined from theadsorption kinetic
results. Thesorption equilibrium datawereandyzed us-
ing Langmuir, Freundlichand Temkinisotherms.

METHODS

Adsorbent preparation

The Araucaria cookii bark used in the present
study was collected from the GMR Institute of Tech-
nology, Rgam. The collected bark waswashed with
deionized water severa timestoremovedirt particles
and sun dried for 30 days. Theresulting product was
directly used as biosorbent. The bark was then pow-
dered using domestic mixer. Particleswith 81-211.5um
sSzewere used for the experiment.

Reagentsand equipments

All chemicalsused in thiswork were of analytical
reagent grade and were used without further purifica-
tion. The concentrations of the dye before and after
sorptionwere determined using UV-vis blespectropho-
tometer by monitoring theabsorbancefor the dye used.

Batch decolorization operation

The biosorption experiment of theACB were car-
ried out in 100ml conical flaskscontaining 0.1g of the
biosorbent in 30ml of methylene bluesolution(20—100
ppm) separately at room temperatureonarotary shaker
at constant agitation speed. The effect of pH on
biosorption ratewasinvestigated in apH range of 2.0-
10(which wasadjusted with 0.1N HCI or 0.1N NaOH
a the beginning of the experiment) the effect of
biosorbent dosage was studied in the range of 0.02-
0.1g. For optimization of contact timefor biosorption
of MB, 30 ml of dyesolutionwith adesired dosage of
the biosorbent were agitated at adesired rpm. Samples
were collected at definitetimeintervals, filtered and re-
sdua dyeconcentrationin thefiltrateswereanayzed
by UV Spectrophotometer. Batch experimentsinvesti-
gating theeffectsof initia dyeconcentration varied from
20to 100mg/l. Thedyesolutionswerefiltered after the
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desired contact timeand M B concentrationsin thefil-
trate were determined. Each experiment wasrepeated
threetimesandtheresultsaregiven asaverages. The
percent biosorption of MB wasca culated asfollows:

% Biosorption=@xloo )

RESULTSAND DISCUSSIONS

Effect of contact time

The experimenta resultsreveal that the uptake of
dyeisfaster at initia stagesof contact and it becomes
dower at equilibrium. Thisisduetotheavailability of a
largenumber of vacant Stesfor adsorption during initial
stages and remaining vacant sitesaredifficult to beoc-
cupied at later stagesof adsorption, andasomost likely
dueto repul siveforces between the sol ute molecules
on the adsorbent and agqueous sol ution.

Figure 1 showsthetimefor adsorption of MB from
agueous sol utions contai ning various concentrati ons of
MB. Itisevident from thesefiguresthat theadsorption
equilibriumisestablished within 15min. Thisshowsthat
theadsorptionisquitefast. Such rapid adsorption pro-
cess has been correlated with the characteristics of the
biomassanditsphysic chemical interactionswiththe
dyeions. Therapid dye uptakeisa so desirablefor the
success of biosorbent for practical applications. There
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Figurel: Effect of contact timeon % adsor ption of M B for
0.1g of adsor bent/30ml solution
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isno significant changein theamount of adsorbed dye
ionwithfurther increasein contact timeafter attaining
equilibrium and the contact time corresponding to equi-
libriumisfixed asoptimum contact time. The percent-
age adsorptionincreased from 93.25t0 98.5%for MB
for 1 minto optimum contact time 15min with 20mg/l
of aqueoussolution.

Effect of pH

The pH of an agueous medium isan important fac-
tor that may affect the uptake of the adsorbate. The
chemical characteristic of both adsorbate and adsor-
bent vary with pH. Studieswere carried out to seethe
effect of pH intherangeof 2-10. Theeffect of pH on
the% removal of dyeat 20to 100mg/l usingACB was
showninfigure2.
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Figure?2: Effect of pH on % adsorption of MB for 0.1g of
adsor bent

The high adsorption yield was obtained at pH 4.
The maximum adsorption efficiency was 98.5% at pH
4 and this pH value was sel ected as optimum pH for
further studies. Lower adsorption of methyleneblueat
low pH is probably due to the presence of H+ ions
competing with the cations groups on the dyefor ad-
sorption sites. Assurface charge density decreasewith
anincreasein the solution pH, the el ectrostatic repul -
son between the positively charged methyleneblueand
thesurface of theactivated carbonislowered, thismay
result inanincreaseintherateof adsorption.
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Effect of initial concentration of dye

Experimentswere undertaken to study the effect of
theinitial concentration onkineticsof MB remova from
the solution. Theresultsobtained areshownin Figure
3. Theobtained curves show that themetal uptakein-
creaseswithincreaseininitia concentrationof dyewhile
the percentage biosorption of MB decreaseswith an
increaseininitial dye concentration. Atlower concen-
trationsal MB present in the adsorption medium could
interact with the binding sites on the surface of adsor-
bent so higher adsorption yields were obtained. At
higher concentrations, lower adsorption yieldswere
observed because of the saturation of the adsorption
sites. Similar adsorption were obtained for adsorption
of MB by Tripali®®.
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Figure3: Effect of initial concentration on % biosor ption
of MB for 0.1g of ACB
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Effect of adsorbent dosage

Adsorbent dosageisan important parameter be-
causeit determinesthe capacity of an adsorbent for a
giveninitial concentration of the adsorbate. Figure 4
showsthat theincreasein adsorbent dosage from 0.02
to 0.1g resulted in increasein % biosorption of MB
from 83t098.5. It isreadily understood that the num-
ber of available adsorption sitesincreaseswiththein-
creasein the adsorbent dosage and it, therefore, re-
sultsin theincreasein the amount of adsorbed MB.
Theincreasein the adsorbent dosage over 0.1g has
not allowed any additional improvement in adsorp-
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tion. This seemsto be due to the binding of almost
mol ecules of MB to the sorbent and the establishment
of equilibrium between the mol ecul es bounded to the
sorbent and unsorbed mol eculesin the solution. Thus,
all our subsequent experiments were performed at
adsorbent dosage of 0.1g.
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Figure4: Effect of biosor bent dosage on % biosor ption of
M B for variousconcentrations

Effect of biosorbent particlesize

The effect of particle size on adsorption of the
dye on ACB wasinvestigated by evaluating the per-
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Figure5: Effect of particlesize on % biosor ption of M B for
0.1g of adsor bent/30ml solution
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cent removal of the dye. Figure 5 revealsthat with
increasein particle size the % biosorption decrease.
Thiscan beattributed to the fact that the smaller par-
ticleshave shortened diffusion pathsandincreasestota
surface area, and therefore, the ability to penetrateal
internal porestructures of adsorbent isvery high. For
further studies, 81 um for ACB was chosen, based
on their adsorption capacity.

Adsor ption isother m constants

Equilibrium data, commonly known assorptioniso-
therms, arebasic requirementsfor the design of sorp-
tion systems. These data provideinformation onthe
capacity of the biosorbent or theamount of required
for removing aunit massof pollutant under the system
conditions. Therefore, to optimizethe design of sorp-
tion system to remove dyesfrom effluents, it isimpor-
tant to establish the most appropriate correlation for
theequilibrium curves. Threeisotherm equationshave
been tested in the present study, namely, Langmuir,
Freundlich and Temkin.

TheLangmuir adsorptionisothermisbased onthe
assumption that al adsorption sitesare equivaent and
adsorptioninan active sitesisindependent of whether
the adjacent sitesisoccupied or not(21825;

Cq 1 1

= +
qeq quax 0 max

whereq o (mg/g) and Cy (mg/L) are the amount of
adsorbed dye ion per unit weight of biosorbent and
unadsorbed dyeion concentration in solution at equi-
librium, respectively. The constant bisthe Langmuir
equilibrium constant andtheq,_ givesthetheoretical
monolayer saturation capacity. Therefore, aplot of C/
q.versusC_givesadraight lineof slopeq,  andinter-
cepts 1/b.

Theessentia featuresof Langmuir isotherm can be
expressed intermsof adimensi onlessconstant called
separation factor (R , also called equilibrium param-
eter) whichisgiven by thefollowing equation:

R, = 1

1+bC,
If R =0, thenirreversible, 0<R <1, thenfavorable, R,
=1, thenlinear, R >1, thenunfavorable. Our resultsshow
that the adsorption for MB onthe ACB isfavorable
andhasanR valuebetweenOand 1.

Ce )
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Other isothermsareasfollows;
Freundlich isotherm equation*¥

Freundlich isotherm theory describestheratio of
the amount of solute adsorbed onto given massof sor-
bent to the concentration of the soluteinthesolution. It
isapplicableto adsorption on heterogeneous surfaces
and can berepresented by equationinlinear formas

Inqeq=Ian+niInCeq ©)

f
K, istheFreundlich constant and n, the Freundlich
exponent. WhereK, and n, are constants representing
the adsorption capacity andintensity of adsorptionre-
spectively. Theslope I/n. andintercept K, ((mg/g)/(L/
g)") isobtained fromtheplot of Inq_ versusinC..
Temkin isotherm equation®®

Temkinisotherm mode containsaparameter that
explicitly accountsfor theinteraction of adsorbateand
adsorbing species. It isbased on the assumption that
the heat of adsorption of al themoleculesinthelayer
diminisheslinearly with coveragewhichisattributed
to adsorbate-adsorbate repulsions. Contrary to
Freundlich model, it assumesthat fall in heat of ad-
sorptionislinear rather than Logarithmic. The equa
tion can be expressed as
Oy =B INA +B.InC_, 4
where B, =RT/b, O (mg/g) and Cq (mg/L) arethe
amount of adsorbed dye per unit weight of adsor-
bent and unadsorbed dye concentration in solution
at equilibrium, respectively. A_and B arethe Temkin
constants.

Theisotherm constantswere determined fromlin-
ear isotherm graphs (Figure 6, 7 and 8) for each of the
isotherm equationstested. Thevaluesof theisotherm
constantswith the correlation coefficientsaregivenin
TABLE 1 for theMB-ACB system. The Freundlich
equation representsthe better fit of experimental data
than other isotherm equations. The maximum amount
of dye adsorbed was 91.46mg/gfor MB.

A comparison of the maximum capacity, q__, of
ACB powder with other adsorbents was given in
TABLE 2. The biosorbent capacity of ACB powder
was relatively high when compared with other
adsorbents. Differences of dye uptake aredueto the
properties of each adsorbent such asstructure, func-

—= Full Paper
tiona groupsand surfacearea.
Kineticstudies

The study of adsorption kinetics describesthe sol-
ute uptakerate and evidently thisrate controlstheres -
dencetime of adsorbate uptake at the solid-solution
interface. Severa kinetic modelsareavailableto un-
derstand the behavior of the adsorbentsand to exam-
inethe controlling mechanism of the adsorption pro-
cess. Inthe present investigation, the adsorption data
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Figure8: Temkinisotherm

TABLE 1: Parameter valuesof theisothermsfor the meth-
yleneblue adsor ption on to Araucaria cookii bark powder

Langmuir Frendulich Temkin
Omax= 46.59 K=13.19 Br= 284.58
b=0.54 R, =0.102 ne= 1.547 A1=5.897
R?=0.9803 R°=0.9983 R?=0.9558

TABLE 2 : Comparison of the biosorption capacity of
present work for methylenebluemetal with thosereportedin
theliterature

Biosor ption
Biosor bent pH Capacity References
(mg/g)

Saw Dust 7 67.5 [25]
Natural Tripoli 8 16.6 [3]
Iron Oxide Coated porous
Ceramic Filter u 0.85 [10]
Fly Ash & clay &sand 7 3.88 [23]
Activated carbon prepared
from Delomix Regia pods 7 24 [
Treated activated carbon 45 45.9 [33]
Carbon prepared from
Guava Seeds 8.27 46.3 [17]
Araucaria cookii bark powder 4 91.46 Present study

wereandyzed usngfour different kineticmodds, namdy
the pseudo-first-order and pseudo-second-order.
The pseudo-first-order equation®*2, is

In (0, —a)=Ing kit ©)
where ge and g refer to the amount of MB adsorbed
(mg/g) at equilibrium and at any time, t (min), re-
spectively, k, (min*) isthe equilibrium rate constant
of pseudo-first-order sorption. Values of k werecal-
culated from the plotsof In(q o —(q) versust for dif-
ferent concentrations of the MB. The experimental
g, values do not agree with the cal cul ated ones, ob-
tained fromthelinear plots (TABLE 3). Thisshows
that the adsorption of he MB onto ACB is not the
first- order kinetics.

On the other hand, a pseudo-second-order equa-
tion’>'2, based on the adsorption capacity isexpressed
intheform:

. ot (©)
0 Ky e

wherek; istherate constant for pseudo-second-order
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Figure9: Pseudofirst order kinetic model

TABLE 3: Comparison of kinetic parameter sfor methyleneblue on Araucaria cookii:

Initial conc(mg/L) 20 40 60 80 100
Rate k1 0.264 k1 0.235 k1 0.224 k1 0.235 k1 0.242
Constant ko 1.694 ko 0.1924 ko 0.546 ko 0.189 ko 0.1299
g (calc) 0.40 5.91 0746 11757 1029 1754 1427 2307 3.865 29.10
g (expt) 5.94 5.94 1184 1184 1766 1766 2341 2341 29.6 29.6
R? 09846 0.9999 0.9971 0.9999 0.9842 0.9999 0.9623 0.9999 0.9444 0.9999
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kinetics(g/g h). If the second order kineticsisappli-
cable, theplot of t/qversust should show alinear rela
tionship. Thereisno need to know any parameter be-
forehand and g, and k, can be determined from the
slope and intercept of the plot. Thelinear plot of t/q
versust (Figure 10) show agood agreement between
experimental and calculated values(TABLE 3).
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Figure10: Pseudo second or der kinetic model

From TABLE 3 it can be concluded that the
pseudo-second-order kineticmodd fitsfor theadsorp-
tion of MB ontheACB. Itindicateschemical sorption
in the adsorption process, which may bepartly dueto
the hydrogen-binding between the hydroxyl groups of
MB and theactivefunctional groupsintheACB, andit
may betherate-limiting step.

CONCLUSIONS

From the Experimental datawe concludethat the
bi osorption performances are strongly affected by pa:
rameterssuch asinitia concentration, pH, biosorbent
dosage and biosorbent particle size. The plot of pH
versus percentage biosorption showsthe significant
bi osorption takesplace at 4. The present work helped
inidentifyinganew source of biosorbent for removal of
metal sfrom effluent wastes containing low concentra-
tionsof metals. The Freundlich mode for MB proved
to bethe best adjustment of the experimental datafor
ACB powder. However, comparing the representative

—= Full Paper

model s of the biosorption between the biosorbents, a
better adjustment of the equilibrium datawas observed
by the bi osorbent ACB powder. Theresultsobtained
inthese studies open perspectiveswithrelation tothe
utilization of ACB powder, intheremoval of MB, in
treatment of wastewater provided fromindustria efflu-
ents. Thevalue of the separation factor, R , indicated
that dye/ACBssystem wasafavorableadsorption. The
kinetics of the biosorption of MB on ACB powder can
be better described with second-order kinetics.
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