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a b s t r a c t

The potentiality of tea waste for the adsorptive removal of methylene blue, a cationic dye, from aqueous
solution was studied. Batch kinetics and isotherm studies were carried out under varying experimental
conditions of contact time, initial methylene blue concentration, adsorbent dosage and pH. The nature
of the possible adsorbent and methylene blue interactions was examined by the FTIR technique. The
pHpzc of the adsorbent was estimated by titration method and a value of 4.3 ± 0.2 was obtained. An
adsorption–desorption study was carried out resulting the mechanism of adsorption was reversible and
ion-exchange. Adsorption equilibrium of tea waste reached within 5 h for methylene blue concentrations
of 20–50 mg/L. The sorption was analyzed using pseudo-first-order and pseudo-second order kinetic
models and the sorption kinetics was found to follow a pseudo-second order kinetic model. The extent
of the dye removal increased with increasing initial dye concentration. The equilibrium data in aqueous
Kinetics solutions were well represented by the Langmuir isotherm model. The adsorption capacity of methylene
blue onto tea waste was found to be as high as 85.16 mg/g, which is several folds higher than the adsorption
capacity of a number of recently studied in the literature potential adsorbents. Tea waste appears as a very
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. Introduction

In industrial water pollution, the color produced by minute
mount of organic dyes in water is considered very important
ecause, besides having possible harmful effects, the color in water

s aesthetically unpleasant. Colored water can affect plant life, and
hus an entire ecosystem can be destroyed by the contamination
f various dyes in water. Some dyes are also toxic and even car-
inogenic. This dictates the necessity of dye containing water to
ndergo treatment before disposal to the environment. The con-
entional methods for color removal are biological oxidation and
hemical precipitation [1–3]. But these processes are not always
ffective and economic where the solute concentrations are very
ow. Moreover, most of the synthetic organic dyes undergo very
low biodegradation. Currently the sorption technique is proved
o be an effective and attractive process for the treatment of dye
ontaining wastewater [4–6]. Also, this method will become inex-

ensive, if the sorbent material used is of cheaper cost and does not
equire any expensive additional pretreatment step.

In the present work, methylene blue (MB) is selected as a model
ompound in order to evaluate the capacity of the adsorbent for the
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emoval of methylene blue from its aqueous solution. Methylene
lue is a cationic dye having the structure:

Although MB is seen in some medical uses in large quanti-
ies, it can also be widely used in coloring paper, dyeing cottons,
ools, coating for paper stocks, etc. Though MB is not strongly haz-

rdous, it can cause some harmful effects. Acute exposure to MB
ill cause increased heart rate, vomiting, shock, Heinz body for-
ation, cyanosis, jaundice and quadriplegia and tissue necrosis in

umans [7,8].
The adsorption characteristics of MB on various adsorbents

ave previously been extensively investigated for many purposes
f purification and separation. However, most of the work was on
he adsorption behavior of activated carbon [9–14]. Its initial cost
nd the need for a costly regeneration system make it economi-
ally less viable as an adsorbent for wastewater treatment. Cost

ffectiveness, availability and adsorptive properties, are the main
riteria for choosing an adsorbent to remove organic compounds.
aking these criteria into consideration, many researchers have
nvestigated the adsorptive properties of unconventional adsor-
ents. Kumar et al. [7] studied the adsorption mechanisms of MB

http://www.sciencedirect.com/science/journal/03043894
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Table 1
Physical and chemical properties of tea waste used in the experiments

Chemical characteristics [23] Percent

Moisture 11.01
Water soluble components 6.04
Insoluble components 80.24
Ash 2.97
Total loss of ignition 94.06

Physical characteristic Unit
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taken in 50 mL 0.1 M KNO3 solution and agitated with magnetic
stirrer. Then the pH of the solution was measured after an equilib-
rium time of 10 min. The titration was carried out with 0.1 M NaOH
and 0.1 M HCl, respectively.
4 Md.T. Uddin et al. / Journal of Ha

nto fly ash and demonstrated that fly ash can be used as an adsor-
ent for the removal of MB from its wastewater and the sorption
rocess is particle diffusion controlled with some predominance of
ome external mass transfer at the initial stage. Vadivelan et al. [8]
tudied equilibrium, kinetics, mechanism and process design for
he adsorption of MB onto rice husk and found that the kinetics of
dsorption were pseudo-second order with regard to external mass
ransfer at earlier stage and intraparticle diffusion at later stage.
hosh et al. [15] investigated the adsorption of MB using kaolin-

te as adsorbent and showed that kaolinite clay could be effective
n removing methylene blue in relatively low concentrations from
he aqueous medium. Senthilkumaar et al. [16] studied the adsorp-
ion of MB onto jute fiber carbon and showed that equilibrium data
greed well with Langmuir isotherm models. Chakrabarti et al. [17]
nvestigated the removal of MB from aqueous solution using glass
bers as adsorbent and showed that the equilibrium dye adsorption

ollowed Langmuir and Freundlich isotherm equation and that the
echanism of adsorption could be explained by using the micro-

rack theory of glass structure. Akbal [18] studied the adsorption
f basic dyes from aqueous solution onto pumice powder and indi-
ated that pumice powder was effective in removing basic dye such
s MB from aqueous solution and that the rate of removal from
queous solution by pumice powder was pseudo-second order
inetics with good correlation. Gürses et al. [19] investigated the
dsorptive removal of MB by clay and observed that the adsorp-
ion capacity decreases with increasing temperature and that the
dsorption equilibrium was attained in 1 h. Imamura et al. [20]
tudied adsorption behavior of MB on stainless steel surface and
ndicated that adsorption data was fitted well to the Langmuir
sotherm and both the electrostatic and hydrophobic interaction
ontribute to the adsorption. Doğan et al. [21] investigated the
inetics and mechanism of removal by adsorption onto perlite and
howed that the rate of removal of MB by perlite followed the
econd order kinetics. Bhattacharyya et al. [22] demonstrated that
eem leaf powder was a promising adsorbent for the removal of MB

rom water and the adsorption followed pseudo-first order kinetics
ith the interactions largely within the first hour.

In the present study, tea waste (TW) has been used as adsor-
ent for the removal of MB from its aqueous solution. It is a
ousehold waste available in huge amount in Bangladesh. It is
n oxygen demanding pollutant. Also it takes a long time for
iodegradation. On the other hand, when the tea waste used as
dsorbent becomes saturated, it is just incinerated. The waste tea
sh obtained by incineration is not a pollutant rather it could be
sed as an adsorbent. Hence, tea waste is a cost effective adsor-
ent. In this study, the effects of initial MB concentrations, tea
aste mass, pH and contact time on the amount of color removal
as investigated. The pHpzc of the adsorbent was determined by

itration method. An adsorption–desorption study was also car-
ied out to illustrate the mechanism of adsorption. FTIR analysis
as also carried out to examine the possible interaction between

dsorbent and methylene blue. Equilibrium isotherm data were
tted to Langmuir and Freundlich equations and constants of

sotherm equations were determined. Further, the kinetics involved
n the sorption process was evaluated at different initial MB
oncentrations.

. Materials and methods
.1. Materials

The tea waste used in the present investigation as an adsorbent
as collected from household. The tea dust discarded after using

s called tea waste. The collected materials were then washed with
ulk density 0.228 g/cm3

article size 180–300 �m

ap water and distilled water for several times to remove all the
irt particles. It was then boiled with distilled water to remove caf-
eine, tannin and other dyes and washed with distilled water till
he washing water contains no color. The washed materials were
hen dried at 95 ◦C for 16 h. The dried materials were then crushed
nd sieved and stored in bottles for uses. The chemical and physical
haracteristics of the tea waste are presented in Table 1. The parti-
le size distribution curve is shown in Fig. 1. The particle size is in
he range of 180–300 �m.

.2. Chemicals

Stock solution was prepared by dissolving 1.0 g of MB (dye con-
ent 82%) supplied by Merck, Germany, in 1 L distilled water without
urther purification. The test solutions were prepared by diluting
tock solution to the desired concentrations. The adsorption capac-
ties have been estimated based on the fraction of pure dye material
n product. Before mixing the adsorbent the pH of each solution was
djusted to the required value with diluted or concentrated HCl and
aOH.

.3. Determination of surface charge and pHzpc of the adsorbent

The surface charge (Q) and the pHpzc of the adsorbent in aque-
us phase was analyzed with different system pH values by using
he titration method described elsewhere [24]. 0.1 g adsorbent was
Fig. 1. Particle size distribution curve.
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.4. Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy of the adsorbent was
one by using an FTIR spectrophotometer (Model: FTIR 2000,
himadzu, Kyoto, Japan). About 150 mg KBr disks containing
pproximately 2% of tea waste samples was prepared shortly before
ecording the FTIR spectra on an FTIR spectrophotometer in the
ange from 400 to 4000 cm−1 with 4 cm−1 resolution. The resulting
pectra were the average of 30 scans.

.5. Sorption experiments

The sorption experiments were carried out in 250 mL stopper
onical flask containing varying amount of MB solutions and adsor-
ent dosages. Then the samples were agitated using flash shaker
Stuart Scientific Co. Ltd., Model SF1, UK) at room temperature
27 ± 2 ◦C). Agitation was made for 6 h, at constant oscillation of
00 osc min−1. The samples were then centrifuged, and the left out
oncentration in the supernatant solution were analyzed using a
V/VIS spectrometry (Shimadzu Model UV-1601) by monitoring

he absorbance changes at a wavelength of maximum absorbance
664 nm).

The effect of pH on the removal of MB was analyzed over the pH
ange of 2–10. The pH was adjusted using 0.1N NaOH and 0.1 N HCl
olutions. In this study, 200 mL of dye solution with concentration
f 20 mg/L was taken in a stopper plastic conical flask and was agi-
ated with 0.3 g of tea waste. The pH of the solution changed slightly
uring sorption. It was presumed that the change in solution pH
ould cause a change in the structure of MB and consequently, in

ts adsorption process. The change in the structure of MB would be
etected by the variations in the visible spectra of MB. To verify such
ossibilities, the effect of pH on the visible spectra of MB solution
as tested in absence of adsorbents. As the variation in the spec-

ra at given pH might be time-dependent, the visible spectra of MB
olution was recorded at the same interval time after the pH was
djusted. It was found that the absorbance of the spectra was stable
n the investigated pH range (pH 2–10). Fig. 2 shows the spectra of

B solution at different pH. It is obvious from the figure that there
re no appreciable changes in spectra of MB in the investigated pH
ange.
A desorption study was carried out by agitating 200 mL solution
f methylene blue of 50 mg/L with 0.2 g adsorbent. During adsorp-
ion the pH of the solution was increased gradually from 2.5 to 10
nd during desorption the pH of the solution was decreased grad-

ig. 2. Effect of pH on visible spectra of MB solution. MB concentration: 10 mg/L.
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ally from 10 to 2.5. The concentrated HCl and NaOH were used
o change the pH so that the change in volume of the solution is
egligible.

The effect of tea waste mass on the amount of removal of
B solution was obtained by contacting 200 mL of MB solution

f initial dye concentration of 50 mg/L with different weighed
mount (0.2, 0.3, 0.4, 0.5 and 0.6 g) of tea waste in stopper coni-
al flask. All the experiments were carried out at an optimum pH
f 8.

Equilibrium studies were carried out by contacting 0.3 g of tea
aste with 200 mL of MB solution of different initial concentrations

10, 20, 30, 40 and 50 mg/L) in 250 mL stopper conical flasks at a
emperature of 27 ± 2 ◦C and pH of 8. The shaking time of 6 h was
ufficiently high for the attainment of adsorption equilibrium. After
he equilibrium had reached, the concentrations in the samples
ere analyzed as before.

Sorption kinetics experiments were carried out by contacting
00 mL MB solution of different initial concentrations ranging from
0 to 50 mg/L with 0.2 g tea waste in a 250 mL stoppered conical
ask at a temperature of 27 ± 2 ◦C and pH of 8. Samples were pipet-
ed out at different time intervals. The collected samples were then
entrifuged and the concentration in the supernatant solution was
nalyzed as before.

. Theory and calculation

.1. Adsorption isotherms

The analysis and design of the sorption process requires the
elevant adsorption equilibria to better understand the adsorption
rocess. Sorption equilibrium provides fundamental physiochemi-
al data for evaluating the applicability of sorption process as a unit
peration. In the present investigation the equilibrium data were
nalyzed using the Freundlich and Langmuir isotherm expression
iven by the following equations, respectively,

reundlich : qe = KfCe
1/n (1)

angmuir : qe = q0KLCe

1 + KLCe
(2)

here Kf and n are Freundlich constants related to sorption capacity
nd sorption intensity of adsorbents. The value of n falling in the
ange of 1–10 indicates the favorable sorption. qe is the adsorption
ensity at equilibrium of MB, Ce is the equilibrium concentration of
he dye in solution, q0 is the monolayer adsorption capacity and KL
s the Langmuir constant related to the free energy of adsorption.
he linearized forms of Freundlich and Langmuir equations can be
ritten as follows:

n qe = ln Kf + 1
n

ln Ce (3)

1
qe

= 1
q0

+ 1
q0KL

1
Ce

(4)

.2. Adsorption kinetics

Kinetic models are used to examine the rate of the adsorption
rocess and potential rate-controlling step. In the present work,
he kinetic data obtained from batch studies have been analyzed
y using pseudo-first order and pseudo-second order models.
The first order equation of Lagergren [25] is generally expressed
s follows:

dq

dt
= k1(qe − q) (5)
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here qe and q are the adsorption density (mg/g) at equilibrium and
t time t (min), respectively, and k1 is the rate constant of pseudo-
rst order sorption (min−1).

The integrated form of Eq. (5) becomes

ln
(

1 − q

qe

)
= k1t (6)

plot of −ln(1 − q/qe) against t should give a linear relationship
assing through the origin with the slop k1.

The pseudo-second order kinetic rate equation is expressed as
ollows [26]:

dq

dt
= k2(qe − q)2 (7)

here k2 is the rate constant of pseudo-second order sorption
g/mg. min)). The integrated form of Eq. (7) becomes

t

q
= 1

k2qe2
+ t

qe
(8)

If the second order kinetic equation is applicable, the plot of
/q against t of Eq. (8) should give a linear relationship. The qe

nd k2 can be determined from the slope and intercept of the
lot.

.3. Definition of removal

The removal R is defined as follows:

= 1 − Ce

C0
(9)

here C0 is the initial concentration of solution.

. Results and discussions

.1. Determination of surface charge and pHzpc of the adsorbent

The surface charge Q of the adsorbent was calculated from the
xperimental titration data according to the following equation
24]:

= 1
w

(CA − CB − [H+] − [OH−]) (10)
here, w is the dry weight of adsorbent in aqueous system (g/L);
A is the concentration of added acid in aqueous system (mol/L);
B is the concentration of added base in aqueous system (mol/L);
H+] is the concentration of H+ (mol/L); [OH−] is the concentration

Fig. 3. Surface charge of adsorbent as a function of pH.
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Fig. 4. FTIR spectra of tea waste.

f OH− (mol/L). Then the pH value at the point of zero charge was
etermined by plotting Q versus pH.

Fig. 3 shows the surface charge of the adsorbent as a function of
H. From Fig. 3 it is obvious that the surface charge of the adsorbent
t pH 4.3 ± 0.2 is zero. Hence, the pHpzc of the tea waste adsorbent
s 4.3 ± 0.2.

.2. Fourier transform infrared spectroscopy analysis

The FTIR spectra of tea waste are shown in Fig. 4, and the FTIR
pectroscopic characteristics are shown in Table 2. The functional
roups on tea waste and the corresponding infrared absorp-
ion frequencies are shown in Table 2. As shown in Fig. 4 and
able 2, the spectra display a number of absorption peaks, indi-
ating the complex nature of tea waste. The troughs due to the
onded OH groups are observed in the range of 3340–3380 cm−1

27]. The FTIR spectroscopic analysis indicated broad bands at
420 cm−1, representing bonded –OH groups. The bands observed
t about 2920–2850 cm−1 could be assigned to the aliphatic
–H group [28,29]. At wave number 1733 cm−1 a shoulder is
bserved which may be due to the carbonyl stretch of carboxyl.
he trough at 1640–1660 cm−1 represents the C O stretching
ode conjugated with the NH2 (amide 1 band) [28]. In some

tudies, this spectrum represents a chelated form of the car-
onyl on the carboxyl group [29,30]. In other studies this peak
as described as the region of both ionized-non-coordinated and
onized-coordinated COO− group [31,32]. The peaks observed at
543 and 1520 cm−1 correspond to the secondary amine group [33].
ymmetric bending of CH3 is observed to shift to 1456 cm−1 [33].
he peaks observed at 1240 and 1143 cm−1 could be assigned to

able 2
he FTIR spectral characteristics of tea waste

R peaks Frequencies (cm−1) Assignment

1 3420 Bounded –OH
2 2925 Aliphatic C–H group
3 2858 Aliphatic C–H group
4 1733 Carbonyl stretch of unionized carboxylate
5 1648 C O stretching
6 1543 Secondary amine group
7 1520 Secondary amine group
8 1456 Symmetric bending of CH3

9 1240 –SO3 stretching
10 1143 C–O stretching of ether groups
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resulting from the increase dosage of the adsorbent. But the
adsorption density of MB decreased with increase in adsorbent
dosage.
Fig. 5. Effect of initial pH on the removal of MB onto tea waste.

SO3 stretching and C–O stretching of ether groups, respectively
33,34].

.3. Effect of pH

MB is a cationic dye, which exists in aqueous solution in form
f positively charged ions. As a charged species, the degree of its
dsorption onto the adsorbent surface is primarily influenced by
he surface charge on the adsorbent, which in turn is influenced
y the solution pH [35]. Fig. 5 shows the effect of pH on the per-
ent removal of MB. As shown in the figure, an abrupt increase
n the removal was observed in the pH range of 3–5. The adsorp-
ion, however, remained almost constant within the range of pH
–10. The pHpzc value (the pH at the point of zero charge) of
he tea waste is found to be 4.3 ± 0.2 (Fig. 3). At pH < pHpzc, tea
aste surface may get positively charged due to the adsorption of
+. Amine groups (Fig. 4 and Table 2) become protonated at pH
elow pHpzc according to Eq. (11). At lower pH, a possible pro-
onation of the carboxyl groups might also occur. Thus a force
f repulsion occurs between the dye cations and the adsorbent
urface. In addition, at lower pH the concentrations of H+ being
igh, they compete with the positively charged MB cations for
acant adsorption sites. Thus, at low pH, the adsorption is very
ow. The reverse situation occurs at pH > pHpzc. At pH > pHpzc, the
urface of tea waste may get negatively charged due to adsorp-
ion of OH−, and the carboxyl groups (Fig. 4 and Table 2) of the
ea waste may get deprotonated producing negatively charged
dsorption sites Eqs. (12) and (13). Thus at high pH, the adsorp-
ion process is highly favored through the electrostatic forces of
ttraction.

(11)

W–COOH = TW–COO− + H+ (12)

W–COOH + OH− = TW–COO− + H2O (13)

.4. Desorption study
Desorption studies as a function of pH were conducted to
xplore the possibility of recovery of adsorbent and adsorbate.
he adsorption–desorption was studied for a MB solution with a
oncentration of 50 mg/L. At first the adsorption was observed by
ncreasing the pH from 2.5 to 10 (Fig. 6). The desorption was then
ig. 6. Adsorption–desorption curve of MB onto tea waste. Solution concentra-
ion = 50 mg/L, adsorbent dose = 1 g/L.

arried out by decreasing the pH. Equilibrium concentration of MB
n solution at pH 10 was 6.98 mg/L. The concentration in solution
ncreased from 6.98 to 36.25 mg/L with the decrease in pH from 10
o 2.5 (Fig. 6). At lower pH, the protons replace the cationic MB dye

olecules and the protonated surface of the adsorbent became pos-
tively charged. Due to this positive charged surface, the repulsion
orce between the adsorbent surface and dye molecule increased
esulting decreased in adsorption. The increase in MB concentra-
ion in solution with decrease in pH indicates that the most of
ye uptake was carried out by ion-exchange mechanism and the
rocess is reversible.

.5. Effect of adsorbent dosage

Fig. 7 shows the effect of adsorbent dosage on the removal of
B. The percentage removal of MB increased with the increase

n adsorbent dosage. This can be attributed to increased adsor-
ent surface area and availability of more adsorption sites
Fig. 7. Effect of adsorbent dosage on the adsorption of MB onto tea waste.
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Table 3
Adsorption capacity of different adsorbents for MB adsorption

Adsorbents Sorption capacity q0 (mg/g) Ref.

Fly ash 5.57 [7]
Rice husk 40.59 [8]
Glass fibers 2.24 [17]
Clay 6.3 [19]
Neem leaf powder 8.76 [22]
Coir pith 120.43 [36]
Fly ash 75.52 [37]
Banana peel 20.8 [38]
Orange peel 18.6 [38]
Peanut hull 68.03 [39]
Clay 300 [40]
Diatomite 156.6 [41]
Silica 11.21 [42]
Activated sludge biomass 256.41 [43]
Spirodela polyrrhiza biomass 144.93 [44]
Dead fungus Aspergillus niger 18.54 [45]
Raw date pits 80.3 [46]
F
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increasing initial concentrations. The fitted qe,fitted values were very
Fig. 8. Freundlich plot for MB sorption onto tea waste.

.6. Adsorption isotherms

Figs. 8 and 9 show the adsorption equilibrium data fitted to
reundlich Eq. (3) and Langmuir Eq. (4) isotherm expressions,
espectively. It is evident from Figs. 8 and 9 that the equilibrium
ata were better represented by the Langmuir isotherm equation
han done by the Freundlich equation. The calculated Freundlich
onstants, Kf and n, are 46.81 and 1.506, respectively. The best fit of
quilibrium data in the Langmuir isotherm expression predicts the
onolayer coverage of MB onto tea waste particles. High KL (1.266)

alue shows that sorption rate is much higher than that of desorp-
ion. The adsorption capacity of tea waste for MB and those of some
ther low cost adsorbents collected from literature are presented
n Table 3. It is obvious from Table 3 that tea waste has several folds
igher adsorption capacity (85.16 mg/g) than the others.

.7. Adsorption kinetics

Fig. 10 shows the extent of dye adsorption as a function of time
nd initial concentrations. The amount of MB adsorbed per unit
ass of tea waste increased with increase in MB concentration.

he unit adsorption of MB increased from 9.9 to 24.76 mg/g as the

B concentration increased from 20 to 50 mg/L. Equilibrium was

stablished at 300 min for all the initial concentrations studied. The
urface of tea waste may contain a large number of active sites and
he solute (MB) uptake can be related to the active sites on equi-

Fig. 9. Langmuir plot for MB adsorption onto tea waste.

c
c
g
t

F
t

e(III)/Cr(III) hydroxide 22.8 [47]
otton waste 277 [48]
ea waste 85.16 This study

ibrium time. Also up to 90–95% of the total amount of dye uptake
as found to occur in the first rapid phase (30 min) and thereafter

he sorption rate was found to decrease. The higher sorption rate at
he initial period (first 30 min) may be due to an increased number
f vacant sites available at the initial stage, as a result there exist
ncreased concentration gradients between adsorbate in solution
nd adsorbate in adsorbent surface. This increased in concentra-
ion gradients tends to increase in dye sorption at the initial stages.
s time proceeds this concentration is reduced due to the accumu-

ation of dye particles in the vacant sites leading to a decrease in
he sorption rate at the larger stages from 30 to 300 min.

Figs. 11 and 12 show the pseudo-first order Eq. (6) and pseudo-
econd order Eq. (8) plots for different initial dye concentration
anging from 20 to 50 mg/L. The linear lines of Fig. 11 should have
assed through the origin. Therefore, it was evident from Fig. 11
hat the adsorption of MB did not follow the first order kinetic

odel. The pseudo-second order rate constant k2 and the adsorp-
ion density qe at equilibrium are given in Table 4. It is obvious from
able 4 that the pseudo-second order rate constants decreased with
lose to the experimental qe,exp values. In the view of these results, it
an be said that the pseudo-second order kinetic model provided a
ood correlation for the adsorption of MB onto tea waste in contrast
o the pseudo-first order model.

ig. 10. Effect of initial concentration and contact time on adsorption of MB onto
ea waste.
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Fig. 11. Pseudo-first order kinetics for the adsorption of MB onto tea waste.

Fig. 12. Second order kinetics for adsorption of MB onto tea waste.

Table 4
Pseudo-second order kinetic constants for the adsorption of MB onto tea waste

C0 (mg/L) qe,exp (mg/g) qe,fitted (mg/g) k2 (g/mg min)

20 9.92 9.93 0.212
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0 14.85 14.88 0.0872
0 19.85 19.93 0.0304
0 24.76 24.87 0.0239

. Conclusion

) The tea waste can be used as an adsorbent for the removal of MB
from its aqueous solutions.

) The amount of dye adsorbed was found to vary with initial solu-
tion pH, initial dye concentrations, contact time, and adsorbent
dose.

) The adsorption–desorption study showed that the adsorption
was reversible and followed the ion-exchange mechanism.

) The amount of dye uptake (mg/g) was found to increase with
increase in initial solution concentration and found to decrease
with increase in adsorbent dosage.
) The equilibrium data fitted very well in a Langmuir isotherm
equation, confirming the monolayer sorption capacity of MB
onto tea waste with a monolayer sorption capacity of 85.16 mg/g.

) The kinetics of MB adsorption onto tea waste was examined
using the pseudo-first and pseudo-second order kinetics mod-

[

[

us Materials 164 (2009) 53–60 59

els. The adsorption kinetic followed the pseudo-second order
kinetic model.
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21] M. Doğan, M. Alkan, A. Türkyilmaz, Y. Özdemir, Kinetics and mechanism of
removal of methylene blue by adsorption onto perlite, J. Hazard. Mater. B109
(2004) 141–148.

22] K.G. Bhattacharyya, A. Sharma, Kinetics and thermodynamics of methylene
blue adsorption on Neem (Azadirachta indica) leaf powder, Dyes Pigments 65
(2005) 51–59.
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