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ABSTRACT KEYWORDS
Systematic batch mode studies of adsorption of methylene blue (MB) on Adsorption isotherm;
mango leaf powder (MLP) were carried out as a function of process of Methylene blue (MB);
parameters includes initial dye concentration, adsorbent dose, pH, agita- Mango leaf powder (MLP);
tion time, agitation speed, particle size of adsorbent and temperature. MLP Kinetic and thermodynamic
was found to have good adsorption capacity. Freundlich, Langmuir and parameters.

Temkin isotherm models were used to test the equilibrium data. The best
fitting isotherm models was found to be Langmuir and Freundlich. The
linear regression coefficient R? was used to elucidate the best fitting iso-
therm model. Lagergen pseudo —first order model, Lagergen pseudo -sec-
ond order model, Natrajan and Khalaf model, Bhattacharya and
Venkobachar models were tested for the kinetic study. L agergen pseudo -
second order model best fits the kinetics of adsorption (R? ~ 1). Intra
particle diffusion plot showed boundary layer effect and larger intercepts
indicates greater contribution of surface sorption in rate determining step.
Adsorption was found to increase on increasing pH, increasing tempera-
ture and decreasing particle size. Thermodynamic analysis showed nega-
tive values of AG indicating adsorption was favourable and spontaneous,
positive values of AH indicating endothermic physisorption and positive
values of AS indicating increased disorder and randomness at the solid-
solution interface of MB with the adsorbents.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION or environment may causetheformation of toxic carci-

nogenic breakdown products. Thehighest ratesof tox-

Among thevariousclassof dyes, basicdyesisthe icitytestedin ETDA (Ecologica and Toxicologica Dye-
brightest class of solubledyesusedintextileindustry, — stuff Association) werefound dueto basic and diazo
asthair tinctoria valueisvery hight¥l, Direct discharge  direct dyes3. Recently the Minimum National Stan-
of industrid effluentsinto municipa wastewater plants  dards (MINAS) have been devel oped for different in-
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dustriesby Centrd Pollution Control Board, New Delhi
(India). Accordingly, industrieshave been required to
reduce the pollution including decol ouri zation of their
effluents before dischargeinto surface water. Adsorp-
tionisoneof themost effectivemethods and activated
carbonisthe preferred adsorbent used to treat waste-
water, But dueto the high cost of activated carbon,
theuseof variousinexpensvedterndiveshasbeen sud-
ied by many researchers. Agricultural wastes or by-
productsincluderice husk®, rice bran“, coir pith™,
soybean hull and sugar beet fibre®, bananapith™, were
applied for theremovad of dyesfrom wastewater.

This paper focuseson the use of mango leaf pow-
der (MLP) asan adsorbent for theremoval of methyl-
ene blue (MB) from agqueous solutions. Mango, ana-
tive South- EastAsia, isbeinggrowninindiasncepre-
historic times. 90% of total world production comes
from Indiaal one. Mangoes cultivated in Konkan re-
gion of Maharashtrastate of Indiahaveagreat demand
inforeign countries. Now it hasbecomeafavouritefruit
of world and isbeing grown in many other countries.
Leaves of mango plants are simple, alternate, dark
green, dliptical or lanceolate and careacious.

EXPERIMENTAL (MATERIAL AND
METHODS)

Adsorbent

Adsorbent used in the present study isMango | eaf
powder (MLP). Maturemango leaveswere collected
from one of the garden of Konkan region of
Maharashtrastatein Indiaand washed thoroughly with
distilled water to remove dust and other impurities.
Washed |leavesweredried for 5-6 daysinsunlight. Dried
leavesweregroundin adomestic mixer- grinder. After
grinding, the powderswere again washed and dried.
Different Szed MLP’s were stored in plastic container
for further use.

Dyesolution

MB (CH,.CIN,S), thesorbate used in the present
study, isamonovalent cationic dye. In dye classifica-
tionitisclassifiedasC.I.Basicblue9and C.1.52015.
It hasamolecular weight of 373.9 and wassupplied by
S.D.FineChemicals, Mumba, India. A stock solution
of 1000 mg/l was prepared in double- distilled water
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and theexperimenta solutionsof thedesired concen-
tration were obtained by successivedilutions.

Methods

Standard sol ution of the dyewastaken and absor-
bance was determined at different wavelengthsusing
Equiptronics single beam u.v. visibl e spectrophotom-
eter to obtain aplot of absorbance verseswave ength.
Thewave ength corresponding to the maximum absor-
bance (Amax= 665 nm) as determined from the plot,
was noted and thiswavelength was used for measuring
the absorbance in the present study. pH of solutions
were adjusted using 1M HCl and 1M NaOH by
EquiptronicspH- meter.

Theéefficiency of adsorbentsisevaluated by con-
ducting laboratory batch mode studies. 25 mg of
adsorbentswere shaken in 25 ml agueous sol ution of
dyeof varying concentration for different timeperiods
at natural P and temperatures. At the end of pre-de-
termined timeintervals, adsorbent was removed by
centrifugation at 10000 rpm and supernant wasandysed
for theresidual concentration of M B, spectrophoto-
metrically a 665 nm wave ength.

Also, variationsin pH, adsorbent dose, particlesize,
agitation speed, temperature were studied.

Effect of initial dyeconcentration and contact time

25 mg of adsorbent of > 120 mesh sizewith25ml
of dyesolution waskept constant for batch experiments.
Initial MB concentration of 100, 150, 200, 250, 300,
350 and 400 mg/l were performed at nearly 303K ona
oscillator at 230 rpmfor 5,10, 15, 20, 30, 40, 50 and
60 minutesat pH = 7. Then optimum contact timewas
identified for further batch experimentd study.

Effect of adsorbent dosageand initial dye concen-
tration

Initial MB concentrations of 400, 500, 600 and
700 mg/l were used in conjunctionwith adsorbent dose
of 1,2, 3,4, 5,and 6 g/l. Contact time, pH, agitation
Speed, temperature and particle size of 30 minutes, 7,
230 rpm, 303K and > 120 mesh respectively were
kept constant.

Effect of pH

Initial P of MB solutionswere adjusted to 3, 4,
5,6,7,8,9, 10 and 11 for 200 mg/l concentration.
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Contact time, adsorbent dose, agitation speed, tem-
perature and particle size of 30 minutes, 1 g/l, 230
rpm, 303K and > 120 mesh respectively were kept
constant.

Effect of particle size and initial dye concentra-
tion

Threedifferent sized particlesof > 120, 120< 85
and 85 < 60 mesh were used in conjunction with 100,
150, 200, 250, 300 and 350 mg/l MB concentration.
Contact time, adsorbent dose, agitation speed, tem-
perature and pH of 30 minutes, 1 g/l, 230 rpm, 303K
and 7 respectively were kept constant.

Effect of temperatureand initial dye concentra-
tion

303K, 313K and 323K temperatures were used
in conjunction with 100, 150, 200, 250, 300 and 350
mg/l M B concentration. Contact time, adsorbent dose,
agitation speed, particlesizeand pH of 30 minutes, 1 ¢/
[, 230 rpm, > 120 mesh and 7 respectively were kept
constant.

Effect of agitation speed

100, 170 and 230 rpm agitation speedswere used
inconjunctionwithinitial M B concentration of 250 mg/
| for 5,10, 15, 20, 30, 40, 50 and 60 minutes. Adsor-
bent dose, pH, temperatureand particlesizeof 1. g/l, 7,
303K and > 120 mesh respectively were kept con-
Sant.

Kineticmodels

TheLagergen pseudo- first order rate expressiont®
isgivenas
log (q,- q,) =logq,—(k,/2.303) t D
Where g, and g, are amounts of dye adsorbed (mg/g)
on adsorbent at equilibrium and at timet, respectively
andk israte constant of pseudofirst order adsorption
(min'). Thesdopeand intercept vauesof plot log (g, -
q,) against t, used to determine pseudo first order rate
constant (k,) and theoretical amount of dye adsorbed
per unit mass of adsorbent q e respectively.

The Langergen pseudo- second order kinetic
modd® isgivenas

t/g,=1/(kg.) +t/q, @)
Wherek, israte constant of second order adsorption
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(g/mg/min). Slopeand intercept of plot of t/q, against t,
givesvaluesof g, , andk, respectively.

Thelinearized form of Natargjan and Khalaf first
order kinetic equationispresented as
log(C/JC)=(K,,/2.303)t ©)
Where C_and C, are concentration of MB (mg/l) at
timezero andtimet respectively, K isfirst order ad-
sorption rate constant (min't) cal culated from slope of
theplotlog (C/C) againstt.

The linearized form of Bhattacharya and
Venkobachar first order kinetic equation is presented
as
log[1-U(T)] =- (k /2.303) t 4
WhereU (T) =[(C_-C)/(C_- C)I; C.isequilibrium
MB concentration (mg/l); k isfirst order adsorptionrate
constant (min?*) calculated from slope of theplot log
[1-U(T)] against t. According to Weber and Morris,
theintraparticlediffusion rate constant (K,) isgivenby
thefollowing equation
g, =K t2+A (5)
K, (mg/g/ min'?) intraparticlediffusion constant value
can be determined from theslope of theplot g, against
t>. A(mg/g) isaconstant that givesanindication of the
thicknessof theboundary layer, i.e. thehigher thevaue
of A, thegreater the boundary layer effect.

Thelinearized form of Elovich kineticequationis
presented as

q, =V/B[In(ap)] +Int/p (©)
Wherea is the initial adsorption rate (mg /g /min), 3 is
desorption constant (g« mg') during any experiment.
Constantsa and f are the calculated, from the inter-
cept and slopeof plot g, against Int.

Adsorption isotherms

Freundlich, Langmuir and Temkin adsorptioniso-
thermswere used to study the adsorption behaviour of
MB onMLP.

Thelinear form of Freundlichisotherm equationwas
employed for the adsorption of M B onto the adsorbent
MLPwasrepresented by
logg,=logK, +1/nlogC, @)
Where g, isamount of MB adsorbed at equilibrium
(mg/g), C_ istheequilibrium concentrationof MB in
solution (mg/l), aplot of log q_againstlog C_givesa
straight line, K. and nare constant incorporating factors
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affecting the adsorption capacity and intensity of ad-
sorption cal culated from theintercept and d ope of the
plot respectively.

Thelinear form of Langmuir isotherm wasrepre-
sented by thefollowing equation
C.,/q,=1(q,b)+C./q, (8)
Whereq,_ismonolayer (maximum) adsorption capac-
ity (mg/g) and bisLangmuir constant rel ated to energy
of adsorption (1/mg) obtained fromthedopeand in-
tercept valuesof the plot Ce/geagaingt Cerespectively.

Theessentia featuresof the Langmuir isotherm can
be expressed in terms of dimensionless constant sepa:
rationfactor, R , whichisdefined by thefollowingrela-
tiongiven by Hall*Y
R =1/(1+bC) ©)
WhereC isinitial MB concentration (mg/l).

If,
R_>1Unfavourableadsor ption
R_=1Linear adsorption
R_=0Irreversibleadsorption
0<R <1Favourableadsorption

TheTemkinisothermisgivenas
q.,=BInA+bInC, (20)
WhereA (1/g) isthe equilibrium binding congtant, cor-
responding to the maximum binding energy and con-
stant B isrelated to heat of adsorption calculated from
theintercept and slope of theplot g_against InC_re-
Spectively.

RESULTSAND DISCUSSION

Effect of initial dyeconcentration and contact time

Effect of initia dye concentrationwith contact time
on adsorption of MB ispresentedin Figures1 and 2.
Uptakeof MB wasrapidinfirst 5 minutesand after 30
minutesamount of dye adsorbed wasa most constant.
Therefore, further batch experimentswere carried out
at 30 minutes optimum contact time. Percentage sorp-
tion decreased from 98.7 to 61% but amount of MB
adsorbed per unit mass of adsorbent increased from
98.4to 244 mg/gwithincreasein MB concentration
from 100to 400 mg/I.

Toinvestigatethemechani sm of adsorption, pseudo
- first order and pseudo- second order, Natargjan and
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Khalaf first order and Bhattacharyaand Venkobachar
first order kinetic model swere used.

300 - == 100mg/1
250 - == 150mg/l
ek == 20 0mg/1

gt i—d—h—A ——250mg/l

== 300mg/1

100
-350mg/1
ALl 7 400mg/1
O ——————7—
0 10 20 30 40 350 60

Time (min)
Figure1l: Effect of initial dye concentration and contact
timeon adsorptionof MBon MLP.

100 -

= == 100mg/l
30 == 1 50mg/l
= == 200mg/1

‘ 60 - !
% i 2 50z |

a5
X 40 =t 300mg/1
20 - = 350mg/l
400mg/1
0 &

0 10 20 30 40 50 60

Time (min)
Figure 2 : Effect of initial dye concentration and contact
timeon % removal of MBon MLP.

Theslopeand intercept valuesof plotlog (g, g,
againgt t, Figure 3were used to determine pseudo first
order rate constant (k) and theoretical amount of dye
adsorbed per unit massof adsorbent g e respectively.

OyngWErecompared withtheq, , , valuesin TABLE
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1. 0y vauesdiffer fromthecorrespondingq Lt va-
ues showed that pseudo first order equation of
Langergen doesnot fit wel withwholerange of contact
timeandisgenerally applicablefor initia stage of ad-
sorption.

Theslopes and interceptsof plot of t/g, againstt,
Figure4, were used to determine pseudo second order
rate constant (k,) and theoretical amount of dye
adsorbed per unit massof adsorbent g ey respectively.
From highly linear plot it iscleared that theremay bea
possibility of chemisorption playingasgnificantrolein

2 = ¢ 100mg/1
H150mg/l
A 200mg/l
> 250mg/l
? £ 300mg/l
» 350mg/l

log(qe-qt)
{3

Time (min)

1
[a—

2 =

Figure 3 : Pseudo first order plot of effect of initial dye
concentr ation and contact timeon adsor ption of MBon MLP.
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the rate determining step. The pseudo second order
parameters, ;.. handk, obtained from theplot are
representedin TABLE 1. Wherehisinitiad adsorption
rate(mgg*.min), h=K, ge’.

Thecorrelation coefficient R? for second order ad-
sorption model has very high values for both the
adsorbents (R? ~ 1) and q Lt values are consistent
withqg Lt showed that pseudo second order adsorp-
tion equation of Langergenfit well withwholerangeof
contact timeand dye adsorption process appearsto be
controlled by chemisorptions.

0.7 - ¢ 100mg/l

0.6 - B 150mg/l

05 - 'y 200111_9,.-'?1

% 250mg/l

= 24 ‘ ¥ 300mg/1

= B3 - 350mg/l

0.2 ~ ~400mg/1
0.1 - L=
0+ —

0 10 20 30 40 50 60

Time (min)
Figure4: Pseudo second order plot of effect of initial dye
concentration and contact timeon adsor ption of MBon MLP.

TABLE 1: Effect of initial dyeconcentration and contact timeon adsorptionof MBon MLP

Pseudo -first order model

Pseudo -second order model

Initial MB q K q q K q H
cone. M) mgy minY) (myy K (mge) (@mgmin) (mgy (mggmin <
100 98.7 0.1819 16.788 0.952 98.7 0.0333 100 333.33 1
150 142 0.1474 31.769 0.983 142 0.0123 142.86 251.02 1
200 174 0.1152 37.757 0.969 174 0.00625 200 250 1
250 210 0.0415 48.195 0.991 210 0.0016 250 100 0.999
300 220 0.1105 88.105 0.955 220 0.00229 250 143.12 0.999
350 234 0.0921 83.56 0.994 234 0.00229 250 143.12 0.999
400 244 0.0921 74.645 0.981 244 0.00267 250 166.88 0.999

K, isfirst order adsorption rate constant (min™)
which was cal culated from 9 ope of the Natarajan and
Khalaf first order kineticlinear plotlog(C /C) against
t, Figure5, TABLE 2. Theoveral rate constant K _, for
adsorption of dye decreased with increasein concen-
tration. K is first order adsorption rate constant.
Bhattacharyaand VVenkobachar first order kinetic equa
tion (min-1) which was cal cul ated from slope of the

linear plotlog[1—U(T)] against t, Figure 6, TABLE 2.

Correlation coefficient values (R?) va ueswere not
high for al concentrations showed that Natargjan and
Khaaf (R?=0.762100.982) doesnat fit well withwhole
range of concentration but quiet good linearity (R? =
0.952 to 0.994) was observed for Bhattacharya and
Venkobachar first order equation for adsorption of MB
on MLP. Stepsinvolvedin sorption of thedye by adsor-
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bent includestransport of solutefromagueoustosurface  fusion rateconstant K, (mg/ g/ min®?) valueswas deter-
of solidand diffusion of soluteinto theinterior of pores, - mined fromthedopeof theplotsq, against t*2 Figure 7
whichisgeneraly adow process. Theintraparticledif-  showed alinear rel ationship after certaintimebut they do

2.5 +100mg/l Time (mnin) ¢l 00111_{.{-":'1
0 = ' - @150mg/l
5 M 150mg/l &
2 - _ 10 20 304200mg/l
_ o ¢ A200mgl -0.5 - » 250mg/1
515 - x250mg/l : ‘220"1‘-3’;1
5 . = 1 - ® 350mg/l
& r-/./-/- 300mg/l ; . +400mg/l
- . =
= | EAAAT§ %Sl 134
! 4 ﬁ
5 - N -' e r : =
0.5 e 400mg/l Eﬁ 5
0 1 1 1
-2.5 +
0 10 20 30
Time (min) -3 A 'S

Figure5: Natarajan and K halaf first order plot of effect of  Figure6: Bhattacharyaand Venkobachar first order plot of
initial dyeconcentration and contact timeon adsorption of  effect of initial dye concentration and contact time on

MBonMLP. adsorptionof MBonMLP.
250 - _—  ®100mg/l 250 - ¢ 100mg/l
7 E150mg/l :% 0 52 H150mgl
200 o 200111__0_-':_1 - 4200me/l
X 250me/l 210 - o
# 250me/l
£ 300meg/l 190 - = 1
56150 - ®350mg/l g (o0 | K300mg/
= -400mg/1 S :..1'350111_9..-'_1
= Tt g 150 - +400mg/1
= s 130 4
Tl 110 -
90 -
0 . ;8 |
0 5 10 a
t1/2 0 1 2 3 4
Figure7: Intraparticlediffusion plot of effect of initial dye Int
concentr ation and contact time on adsor ption of MB onto  Figure8: Elovich plot of effect of initial dyeconcentration
MLP. and contact timeon adsor ption of MBon MLP.
TABLE 2: Effect of initial dyeconcentration and contact timeon adsor ptionof MBon MLP
Intra particle diffusion : Natarajan and  Bhattacharya and
Initial MB model Elovich Model Khalaf model  Venkobachar model
Conc. (mg/l) Ki A R? a B R? K R K R2
(mg/g/min'?) (mg/g) (mg/g/min) (g.mg™) (min-1) (min-1)
100 1.37 90.12 0.552 3.526 0295 0.677 0.078 0.762 0.182 0.952
150 2.276 127  0.732 5.769 0.178 0.865 0.039 0.881 0.147 0.983
200 3.199 152.2 0.793 8.246 0.128 0911 0.018 0.9 0.115 0.969
250 7.374 155.6 0.984 18.862 0.0597 0984 0.014 0976 0.042 0.991
300 7.525 1689 0.886  19.966 0.0563 0.958 0.014 0.986 0.111 0.955
350 8.36 1775 0.86 226 0.0502 0948 0.012 0.934 0.099 0.994
400 7.522 1919 0.874  19.862 0.0558 0.963 0.007 0.939 0.094 0.981
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not passthrough origin due boundary layer effect. The
larger theintercept, the greater the contribution of sur-
facesorptionin ratedetermining step. Theinterceptsand
K, valuesof plotsq, against t 2 increased with increase
theinitial concentretion of dye, TABLE 2. Initid portion
isattributed totheliquid filmmasstransfer and linear por-
tiontotheintraparticlediffuson. Elovich kineticmodel
constantsa. and 3 were calculated, TABLE 2 fromthe
intercept and sopeof plot g, againgt Int, Figure8. This
Elovichkinetic model gavequiet satisfactory resultsfor
MLP Herea is initial rate of adsorption in mg/g/min which
geneadly increased withincreaseininitia concentration
of dyeand B is desorption constant in g/mg which de-
creased with increasein concentration of dye.

100 -

80
- —4=400mg/l
z 60 =@ 500mg/1
= 600mg/1
& 40 =—=—T00mg/1
=)
S

20 -

0 1 2 3 4 5 6
Dose 0f adsorbent (g/1)

Figure 9 : Effect of adsorbent dosage and initial dye
concentration on % removal of MBon MLP.

Effect of pH

pH isanimportant factor in controlling the adsorp-
tion of dyeonto adsorbent. Theadsorption of MB from
200mg/I concentration on MLPwasstudied by varying
the pH from 3to 11. Theamount of dye adsorbed per
unitmassof adsorbent a equilibrium (q,) increased from
56.7to 184 mg/g by variationin pH from3to 11, Fig-
urell.

Effect of particle size and initial dye concentra-
tion

Adsorption of MB onthreesized particles> 120,
120 < 85 and 85 < 60 mesh of MLP was studied for
100 to 350 mg/l concentrations of M B. Theresults of
variation of these particle sizeson dye adsorption are
showninFigure12.
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Effect of adsorbent dosageand initial dye concen-
tration

The adsorption of MB on MLP was studied by
varying the adsorbent dosage. The percentage of ad-
sorption increased with increase in dosage of adsor-
bent. Percentageremoval of MB increased (Figure9)
but amount of M B adsorbed in mg/g of adsorbent de-
creased (Figure 10) with increase in dose of adsor-
bent. After 3 - 4 g/l adsorbent dose % removal of dye
remains almost constant. For above 95% removal of
MB, adsorbent dosage of 3, 4, 6, 6 ¢/l for MLPwere
needed for initial MB concentrations 400, 500, 600
and 700 mg/l respectively.

350 - —4—400mg/l
== 500 mg/l
300 600 mg/l
150 e 700 g/ 1
= 200
=
< 150
=
100
0 = T 1
0 1 6

Ad S%l'b en% dose %g 1) 2

Figure 10 : Effect of adsorbent dosage and initial dye
concentration on amount adsor bed of M B in mg/gof MLP.

It can beobserved that astheparticleszeincreased
the adsorption of dye decreased and hence the per-
centageremoval of dyealso decreased. Thisisdueto
larger surface areathat is associated with smaller par-
ticles. For larger particles, thediffusionresistanceto
masstransfer ishigher and most of theinterna surface
of the particle may not be utilized for adsorption and
consequently amount of dye adsorbed issmall.

K, and nareFreundlich constantsincorporating fac-
torsaffecting theadsorption capacity andintendty of ad-
sorption respectively. Theplotsof log g, againstlog C,
showed good linearity (R?=0.987t00.998) indicating
theadsorption of MB obeysthe Freundlich adsorption
isotherm, Figure 13. Thevauesof K. and naregivenin
theTABLE 3. Vauesof nbetween 1to 10indicatean
effectiveadsorption™ whilehigher valuesof K. repre-
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sent an easy uptake of adsorbatefrom thesolution®.
q,,ismonolayer (maximum) adsorption capadity (mg/
g) and bisLangmuir constant rel ated to energy of ad-
sorption (1/mg). A linear plotsof C_/ g, against C_sug-
gest theapplicability of the Langmuir isothermsFigure

100
.15 By
Bl =
Fz=

60 -

% Removal

50

40 -

<18

20 T T T T T
0 2 4 6 8 10 12
pH
Figure 11 : Effect of pH on adsor ption of M B from initial
concentration 200 mg/l MB solutionon MLP.

23 4 #=120mesh

m120=85mesh
22 4 A85Z60mesh
2.1 -

log qe
I

18 =

1.8 : . . ; |

0 0.5 1 1.5 2 2.5
log Ce

Figure13: Freundlich isotherm plot of effect of particlesize
and initial dyeconcentration on adsor ptionof MBon MLP.

Linear plot of q, againstIn C_, enabl esthe determi-
nation of the Temkin constants B and A from thesl ope
and intercept. Theresultsof theplotsaregiven Figure
15inTABLE 3. Congtant A whichisaequilibrium bind-
ing constant, decreased withincreasein particlesize of
adsorbents.

Effect of temper atureand initial dyeconcentration
Temperature hasimportant eff ects on adsorption

Removal of methylene blue, a basic dye from aqueous solutions

ESAIJ, 7(7) 2012

14 (R*=0.983100.994). Thevaluesof q_andbwere

determined slope and intercepts of theplots, TABLE
3. Dimensionless constant separation factor, R vaues

liesin between 0to 1 for MLPindicatesfavourable

adsorption, TABLEDS.

=120 mesh
== 120=-85mesh
85=60mesh

100 -

90 -
80 -

70 -

% Removal

60 -
50 -

_I'O T T T T T T T 1
0 50 100 150 200 250 300 350 400

Initial MB concentration (mg /1)

Figure12: Effect of particlesizeand initial dyeconcentration
on % removal of MBon MLP.

1.2 4
1 -
0.8 -
@
% 06 - #2120 mesh
L)
m 120<85mesh
0.4 -
85<60mesh
0.2 -
0 T T 1
0 50 100 150 200
Ce {mg/l]

Figure14: Langmuir isother m plot of effect of particlesize
and initial dyeconcentration on adsor ptionof MBon M LP.

process. Adsorption of MB at threedifferent tempera-
tures (303K, 313K and 323K) onto MLPwas studied
for 100to 350 mg/l initial MB concentrations. There-
sultsvariation in temperatures on dye adsorption is
showninFigure 16.

Itisobserved that asthe experimental temperature
increasesfrom 303K to 323K, thedye adsorption ad so
increases. Asthetemperatureincreases, rateof diffusion
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of adsorbate moleculesacrossexterna boundary layer  Changing thetemperaturewill changetheequilibrium
and interna pores of adsorbent particle increases”.  capacity of theadsorbent for particular adsorbate ™.

TABLE 3: Effect of particlesizeand initial dyeconcentration on adsorptionof MBon MLP

Freundlich isotherm parameters  Langmuir isotherm parameters  Temkin isotherm parameters

Mesh 2 2 2
Ky n R Om b R A B R
>120 92.897 5.291 0.998 250 0.1481 0.994 17.036 2939  0.985
120<85  79.616 6.849 0.987 200 0.0877 0.991 38346  18.99 0.96
85 < 60 38.905 3.745 0.989 200 0.0318 0.983 0.754 3143  0.964
250 regression coefficients (R?> 0.99). Freundlich congtants

K, andnaswell asLangmuir constantsq_and b are
200 - givenin TABLE 5. Dimensionl essconstant separation
factor (R ) valuesliesin between Oto 1 for boththe
| 2.5 -
/ 2.4

= 150
W
£
& 100
# =120 mesh 23
50 | E120<85mesh @ .5 .
85<60mesh _nun *33k
| 313K
O T T T T T 1 21
0 1 2 3 4 5 5] 323K
InCe /7_/
Figure 15: Temkin isotherm plot of effect of particle size
and initial dyeconcentration on adsorptionof MBon MLP. . 1.9
250 - -1 0 1 2 3
230 logC.
; Figurel7: Freundlich isotherm plot of effect of temperature
- 210 and initial dyeconcentration on adsorptionof MBon MLP.
: 190 - ——303K 0.55 -
£ 170 - —8-313K 0.5 -
5]
=150 - 323K 04
0.4
130
o 035
—
110 : Jo03
90 T T T T T 1 025 =
50 100 150 200 250 300 350 0.2 -
Initial MB concentration (mg /1) 01>
Figure16: Effect of temperatureandinitial dyeconcentration B
on adsorptionof MB on MLP. 0.05 -

Freundlich and Langmuir adsorptionisothermswere . - % & 80 100 120
employed for 303K, 313K and 323K temperatures. c. (me/l)

Plot of !Og . 6ga' nstlog Ce’ Figure17 ar_'d pl QtSOf_Ce Figure18: Langmuir isotherm plot of effect of temperature
/ q,against C,, Figure 18 showed good linearity with  and initial dyeconcentration on adsor ption of MB on M LP.
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adsorbents. Monolayer (maximum) adsorption capac-
ity (q,) obtained from Langmuir plotswere 250, 250
and 333.333mg/g for 303K, 313K and 323K respec-
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isothermsfitswell for 313to0 323K temperaturerange.
Temkinplot q,againgtInC,, Figure 19 dso showed
linearity (R*=0.985t0 0.99). Temkin constantsA and

tively. Both Langmuir aswell asFreundlichadsorption B aregivenin TABLE 4.
TABLE 4: Effect of temper atureand initial dye concentration on adsor ptionof MBon MLP

Temp.in Freundlich isotherm parameters ~ Langmuir isotherm parameters ~ Temkin isotherm parameters
Kevin K n R? Om b R? A B R?
303 92.897 5.291 0.998 250 0.1481 0.994 17.036 29.39 0.985
313 99.77 5.291 0.999 250 0.1818 0.993 21.483 30.33 0.986
323 111.944 5.682 0.995 333.333 0.1765 0.993 21.14 32.25 0.99
TABLE5: Dimensionlessseparation factor (R ) calculated AG=AH - TAS
from Langmuir congtant (b) for MLP InK =-AG/RT
Initial MB Mesh Temperature InK_=AS/R - AH/RT (13)
Conc. (mgl) > 120 120<85 85<60 303k 313K 323k  WhereK isequilibrium constant, C_,  issolid phase
100 00633 01024 02392 00633 0.0521 0.0536 concentrationateguilibrium(mgll), C, ,,isliquid phase
150 00431 00706 01733 0.0431 00354 00364 CONCENtrationa equilibrium(mgfl), Tisabsolutetem-
200  0.0327 0.0539 0.1359 0.0327 0.0268 0.0275 peratureinKelvin ajd R |sgasconstg1t.
AG vaues obtained from equation (12), AH and
250 00263 00436 0.1117 0.0263 0.0215 0.0222 s &\ /5uesobtained from thes opeandintercept of plot
300 0.02 00366 00949 0022 0018 00185 | K, against 1/T, Figure 20 presented in TABLE 6.
350  0.0189 0.0316 0.0824 0.0189 0.0155 0.0159

Thenegativevalue of AG indicatesthe adsorptionis
favourable and spontaneous. AG vauesincreaseswith
increasein temperature and decreaseswith increasein
initial concentration of MB. Thelow positivevauesof
AH indicate physi sorption and endothermic nature of
adsorption>4, Thepositivevauesof ASindicatethe

o increased disorder and randomness at the solid solu-
£ tioninterface of MB with the adsorbent. The adsorbed
v water molecules, which were displaced by adsorbate
B + 100mg/l
5 - \ B 150mg/|
%o A 200mg/I
N 0 ! Ilj':_(ie ! ! > o .\.\- % 250mg/|
= g
Figure19: Temkin isother m plotsof effect of temperature = ~ . An0RER
and initial dyeconcentr ation on adsor ption of MBon MLP. . \ Lt
Thermodynamicanalyss x\; 350mg/I
Thermodynamic parameterssuch aschangein free 1 - %
energy (AG) (Jmole), enthapy (AH) (Jmole) and en- o

tropy (AS) (JK/mole) were determined using foll ow-
0.003050.00310.003150.00320.003250.00330.00335

ingequations
K.=C_,/C,., a U

o g Figure 20 : Von’t Hoff plot of effect of temperature and
AG=-RTInK, (12) initial dyeconcentration on adsorption of MBon MLP.

Snoivonmental Science (=
A Jndian ﬂa«/md



ESAIJ, 7(7) 2012

Naseema Patel et al.

249

—== Qurrent Ressarch Pepser

TABLE 6: Equilibrium constantsand ther modynamic par ameter sfor theadsor ption of MBon MLP

Initial MB Ko AG (J/mole
Conc. (mg/l) ~ 303K 313K 323K 303K 3513K ! sk AH (/mole) - AS(J/K/mole)
100 70429 99 1982 -10717.9 -11957.8 -142039 419275 173.1806
150 16857 2281 29  -711601 -8137.8  -904261 220903 96.4424
200 6407 8615 13085 -4679.19 -560414 -690537 289826 110.9088
250 3651 4411 5219 -32624  -38622  -4437.00 1453287 58.75504
300 2636 3082 3518 -244206 -2928.76 -337803  11739.37 46.83276
350 1917 2256 2616 -163892 -211698 -258212  12645.59 4717364

molecules, ganmoretrandationa energy thanislost by
the adsorbate mol ecul es, thus allowing preval ence of
randomnessin the system. Theincrease of adsorption
capacity of the adsorbent at higher temperatureswas
dueto enlargement of poresize and activation of ad-
sorbent surfacel'21l,

Effect of agitation speed

The sorptionisinfluenced by masstransfer param-
eters. Figure 21 illustratesthe sorption kineticsof MB
by ML Pfor different agitation speedsranging from 100
to 230 rpm.

210 -

200 -

—4+—100rpm
—E— 170 rpm

230 rpm

0 10 20 30 40 50 60
Time [min)
Figure21: Effect of agitation speed on adsor ption of MB on
MLP.

Theamount adsorbed at equilibrium wasfoundto
increase from 170, 193 and 210 mg/g of MLP with
increased in agitation speed from 100, 170 and 230
rpm of anoscillator from 250 mg/l initial MB solution.
Withincreased the agitation speed, therate of diffusion

of dyemoleculesfrom bulk liquid to theliquid bound-
ary layer surrounding the particle become higher be-
cause of an enhancement of turbulenceand adecrease
of thicknessof theliquid boundary |ayer.

CONCLUSION

Thegod of thiswork wasto explorer the potentia
use of mango |leaf powder (MLP) aslow cost adsor-
bent for theremoval of MB from aqueous solutions.
Sorption amount increased withincreaseof initial MB
concentration but percentageremoval decreased with
increased ininitial MB concentration.

Freundlich, Langmuir and Temkinisotherm mode's
were used to test the equilibrium data. The best fitting
isotherm models was found to be Langmuir and
Freundlich. Thelinear regression coefficient R?wasused
to elucidatethe best fittingisotherm model. Monol ayer
(maximum) adsorption capacity (q, ) for MLPwasfound
to be 250 mg/g.

Lagergen pseudo —first order model, Lagergen
pseudo -second order model, Natrgan and Khalaf
model, Bhattacharya and Venkobachar modelswere
tested for the kinetic study. Lagergen pseudo -second
order model best fitsthekinetics of adsorption (R~
1). Intraparticlediffusion plot showed boundary layer
effect and larger interceptsindicates greater contribu-
tion of surface sorption in rate determining step.

Adsorptionwasfoundtoincreaseonincreasing pH,
increasi ng temperature, increasing agitation speed and
decreasing particlesize.

Thermodynamic analysis showed negativevaues
of AG indicating adsorptionwasfavourableand spon-
taneous, positivevauesof AH indicating endothermic
physisorption and positive values of ASindicatingin-
creased disorder and randomnessat the solid- solution
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interface of M B with the adsorbents. Biosorption tech-
nology, utilizing natural materialsto passively remove
dyesfrom agqueoussolutions, offersan efficient and cost
effective dternative compared to traditiona chemical
and physical remediation and decontamination tech-
niques. MLP, azero cost and easily available material
wasfound to be effective adsorbent for remova of ba-
sicdyes.
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