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a b s t r a c t

The aim of the present work was to investigate the feasibility of grass waste (GW) for methylene blue (MB)
adsorption. The adsorption of MB on GW material was studied as a function of GW dose (0.05–1.20 g),
solution pH 3–10, contact time and initial concentration (70–380 mg/L). The influence of these parameters
on the adsorption capacity was studied using the batch process. The experimental data were analyzed
by the Langmuir and Freundlich isotherms. The adsorption isotherm was found to follow the Langmuir
vailable online 17 November 2008
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dsorption
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model. The monolayer adsorption capacity was found to be 457.640 mg/g. The kinetic data were fitted to
the pseudo-first-order and pseudo-second-order models, and were found to follow closely the pseudo-
second-order kinetic model. The results revealed that GW adsorbent is potentially low-cost adsorbent for
adsorption of MB.

© 2008 Elsevier B.V. All rights reserved.

ethylene blue

inetics

. Introduction

Treatment of effluent from textile and related industries is con-
idered a global environmental issue. Effluent derived from the
extile and dyestuff activities can provoke serious environmental
mpact on the neighboring receptor water bodies because of the
resence of toxic reactive dyes, chlorolignin residues and dark col-
ration [1]. There are many treatment processes applied for the
emoval of dyes from wastewater. A critical review on current treat-
ent technologies with a proposed alternative was reported by

obinson et al., [2] and Ramesh Babu et al., [3].
Removal of dyes from wastewater using adsorption on commer-

ial activated carbons is a very effective process, but the high cost
f such adsorbent has motivated the search for alternatives and
ow-cost adsorbents. Recently, many researchers attempted to use
lternative low-cost adsorbents to substitute the more expensive,
ommercially available activated carbons. Such alternative include:
iosorbents, natural materials, and agricultural waste and indus-
rial by-products. Table 1 listed some of the reported adsorbents
sed for removal of dyes from aqueous solutions. An extensive list
f sorbent literature for dye removal has been compiled recently by
rini [18].
In this work, an attempt to use grass waste, as a novel non-
onventional low-cost adsorbent for removal of methylene blue
MB) from aqueous solution has been made. Grass and yard waste
re a major organic component of the solid waste, comprising about

∗ Tel.: +60 4 599 6422.
E-mail address: chbassim@eng.usm.my.

304-3894/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2008.11.019
14.6% of total municipal solid waste (MSW) and about 50% of the
organic fraction of the MSW [19]. Malaysia, with no winter, plenty
of sunshine, rainfall and a constantly humid environment, has the
world’s highest rate of biomass production; and therefore, gener-
ates huge quantities of organic wastes, such as grass, leaves and
flowers. To make better use of this abundant agricultural waste, this
present study was carried out to propose its use as adsorbent for
removal of basic dye from aqueous solutions. Thus, the purpose of
the present work was to evaluate the adsorption potential of grass
waste for the removal of methylene blue from aqueous solution.

2. Materials and methods

2.1. Methylene blue and stock solution

Methylene blue (MB) purchased from Sigma–Aldrich (M) Sdn
Bhd, Malaysia was used as model adsorbate. A stock solution of
1000 mg/L was prepared by dissolving an appropriate quantity of
MB in a liter of distilled water. The working solutions were pre-
pared by diluting the stock solution with distilled water to give the
appropriate concentration of the working solutions.

2.2. Analytical methods

Prior to the measurement, a calibration curve was obtained by

using the standard MB solution with the known concentrations.
The concentration of the residual dye was measured using a dou-
ble beam UV–vis spectrophotometer (Shimadzu, Model UV 1601,
Japan) at a �max corresponding to the maximum absorption for the
dye solution (�max = 668 nm) by withdrawing samples at fixed time

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:chbassim@eng.usm.my
dx.doi.org/10.1016/j.jhazmat.2008.11.019
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Table 1
Recent research on adsorption of dyes by different adsorbents.

Adsorbent Dye investigated Max. adsorption capacities (mg/g) Reference

Grass waste Methylene blue 457.640 This work
Luffa cylindrica fibers Methylene blue 47 [4]
Caulerpa racemosa var. cylindracea Methylene blue 3.423 [5]
Solis waste of soda ash plant Reactive red 231 667 [6]
Chitosan bead Malachite green 93.55 [7]
Biomass fly ash (FA-BM) Reactive black 5 4.38 [8]
Biomass fly ash (FA-BM) Reactive yellow 176 3.65 [8]
Castor seed shell Methylene blue 158.73 [9]
Chitosan-based adsorbent Basic blue 3 166.5 [10]
Untreated desert plant Methylene blue 23 [11]
Pyrolized desert plant Methylene blue 53 [11]
Chemically activated desert plant Methylene blue 130 [11]
Untreated guava leaves Methylene blue 295 [12]
Yellow passion fruit waste Methylene blue 44.70 [13]
Oil palm trunk fibre Malachite green 149.35 [14]
Sunflower seed hull Methyl violet 92.59 [15]
Broad bean peels Methylene blue 192.7 [16]
S
S
S
S

i
t

2

E
I
(
f
p
(
a
r
5
t
s
t
a
f
U

2

b
o
o
n
(
t
s

l

q

w
a
s

R

oy meal hull Direct red 80
oy meal hull Direct red 81
oy meal hull Acid blue 92
oy meal hull Acid red 14

ntervals, filtered using 0.45 �m filter paper (Whatman, UK), and
he supernatant was analyzed for residual MB.

.3. Preparation and characterization of grass waste adsorbent

The grass waste (GW) was collected from the field of the
ngineering Campus, University of Science Malaysia, Malaysia.
t was washed, dried, crushed and sieved to desired mesh size
250–355 �m). The sample was stored in an airtight container for
urther use. No other chemical or physical treatments were used
rior to adsorption experiments. Scanning electron microscopy
SEM) analysis was carried out for the GW before and after MB
dsorption to study the surface morphology. The analysis was car-
ied out using a scanning electron microscope (Leo Supra, Model
0VP Field Emission, UK). The sample was put on the carbon tape on
he aluminum stub and coated with gold for electron reflection. The
ample was then vacuumed for 5–10 min before analysis. The func-
ional groups available on the surface of the GW before and after MB
dsorption were detected by KBr technique using a Fourier Trans-
orm Infrared (FTIR) spectroscope (PerkinElmer, Model FTIR-2000,
S). The spectra were recorded from 4000 to 400 cm−1.

.4. Equilibrium and kinetic studies

Adsorption equilibrium and kinetics studies were determined
y batch method. Adsorption equilibrium experiments were carried
ut by adding a fixed amount of adsorbent (0.70 g) into a number
f 250 mL-stoppered glass (Erlenmeyers flasks) containing a defi-
ite volume (200 mL in each case) of different initial concentrations
70–380 mg/L) of dye solution without changing pH and tempera-
ure 30 ◦C. The flasks were placed in a thermostated water-bath
haker and agitation was provided at 130 rpm for 180 min.

The amount of adsorption at equilibrium, qe (mg/g), was calcu-
ated by:

e = (C0 − Ce)V
W

(1)

here C0 and Ce (mg/L) are the liquid-phase concentrations of dye
t initial and equilibrium, respectively. V (L) is the volume of the

olution and W (g) is the mass of dry sorbent used.

The dye removal percentage can be calculated as follows:

emoval percentage =
(

C0 − Ce

C0

)
× 100 (2)
178.57 [17]
120.482 [17]
114.943 [17]
109.89 [17]

To study the effect of GW dose on the amount of MB adsorbed,
different amounts of GW (0.05, 0.10, 0.15, 0.20, 0.40, 0.60, 0.80,
1.00 and 1.20 g) were respectively added into a number of 250 mL-
stoppered glass (Erlenmeyers flasks) containing a definite volume
(200 mL in each flask) of fixed initial concentration (70 mg/L) of dye
solution without changing the solution pH at temperature of 30 ◦C.
The flasks were placed in a thermostated water-bath shaker and agi-
tation was provided at 130 rpm for 180 min. The dye concentrations
were measured at equilibrium.

To study the effect of solution pH, 200 mL of dye solution of
70 mg/L initial concentration at different pH values (3.0–10.0) was
agitated with 0.70 g of GW in a water-bath shaker at 30 ◦C. Agita-
tion was made for 180 min at a constant agitation speed of 130 rpm.
The pH was adjusted with 0.1 N NaOH and 0.1 N HCl solutions and
measured by using a pH meter (Ecoscan, EUTECH Instruments, Sin-
gapore).

The procedures of kinetic experiments were basically identical
to those of equilibrium tests. The aqueous samples were taken at
preset time intervals, and the concentrations of dye were similarly
measured. All the kinetic experiments were carried out at 30 ◦C. The
amount of sorption at time t, qt (mg/g), was calculated by:

qt = (C0 − Ct)V
W

(3)

where Ct (mg/L) is the liquid-phase concentrations of dye at any
time.

3. Results and discussion

3.1. Effect of adsorbent dose on dye adsorption

To study the effect of GW dose (g) on MB adsorption, experi-
ments were conducted at initial MB of 70 mg/L, while the amount
of adsorbent added was varied. Fig. 1 shows the effect of adsorbent
dose on the % removal of MB. It was observed that the % removal
of MB rapidly increased with the increase in adsorbent dose up to
0.20 g, then gradually increased with further increase in adsorbent

dose up to 0.60 g and thereafter remained unchanged. At equilib-
rium time, the % removal increased from 17.74 to 77.66% for an
increase in GW dose from 0.05 to 0.60 g. The increase in % color
removal was due to the increase in the available sorption surface
sites.
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Fig. 1. Effect of adsorbent dosage on the adsorption of MB on GW.

.2. Effect of solution pH on dye uptake

To study the effect of solution pH on equilibrium uptake capacity
f GW, experiments were conducted at 70 mg/L initial MB concen-
ration, 0.70 g GW dose and 30 ◦C. Fig. 2 shows that the sorption of

B was minimum at the initial pH 3 and increased with pH up to
and then remained constant over the initial pH ranges of 5–10.

he observed low adsorption rate of MB on the GW at pH 5 may be
ecause the surface charge became positively charged, thus making
H+) ions compete effectively with dye cations causing a decrease in
he amount of dye adsorbed. When the solution pH increased, the
ositive charge on the solution interface decreased and the adsor-
ent surface appeared to be negatively charged. A similar behavior
as observed for malachite green adsorption on rice straw-derived

har [20]. Several investigations carried out on adsorption of MB on
arious adsorbents have as well shown that the adsorption of MB
referred higher solution pH values. However, the level of influence
f the solution pH on the adsorption capacity might vary, depend-
ng on the adsorbent–adsorbate system. The adsorbents which had
een reported were such as wheat shells [21], coir pith carbon [22],
lay [23] and commercial activated carbon F400 from Calgon, US
24].

.3. Effect of contact time and initial concentration

The effect of MB initial concentration was studied using a range
f MB concentrations between 70–380 mg/L at a fixed adsorbent
osage (0.70 g), shaker speed (130 rpm) at 30 ◦C. Fig. 3 shows the

esult for effect of initial concentration on adsorption of MB onto
W. The plots of Fig. 3 can be divided into three distinct regions: (1)
apid adsorption during the first 20 min, (2) gradual equilibrium till
he equilibrium state for each concentration and (3) the equilibrium
tate. The result indicates that an increase in initial MB concentra-

Fig. 2. Effect of pH on equilibrium uptake of MB.
Fig. 3. Effect of initial concentration and contact time on MB adsorption.

tion leads to increase in the adsorption of MB on GW. At equilibrium,
MB adsorption increased from 16.41 to 80.63 mg/g, with increase
in the initial MB concentration from 70 to 380 mg/L. As the initial
MB concentration increased from 70 to 380 mg/L the equilibrium
removal of MB decreased from 79.23 to 74.77 %. This was because
when the initial concentration increased, the mass transfer driving
force would become larger, hence resulting in higher MB adsorp-
tion. Similar trend was obtained in the adsorption of MB on flyash
[25] and also commercial activated carbon [26].

At initial concentration (70–130 mg/L), the system achieved
adsorption equilibrium in less than 40 min. While at high initial MB
concentration (190–380 mg/L), the time necessary to reach equilib-
rium was 140 min. However, the experimental data were measured
at 180 min to be sure that full equilibrium was attained. This obser-
vation could be explained by the theory that in the process of dye
adsorption, initially the dye molecules have to first encounter the
boundary layer effect and then diffuse from the boundary layer film
onto adsorbent surface and then finally, they have to diffuse into the
porous structure of the adsorbent [27,28]. Therefore, MB solutions
of higher initial concentrations will take relatively longer contact
time to attain equilibrium due to higher amount of dye molecules.

3.4. Isotherm analysis

A set of batch experiments was carried out at different MB
concentrations varying from 70–380 mg/L. Other process param-
eters were kept constant: 0.70 g GW dose, 130 rpm shaker speed,
0.20 L solution volume and 30 ◦C. The results of the equilibrium
isotherms were analyzed using the Langmuir [29] and Freundlich
[30] isotherms. A trial and error procedure was used to determine
the isotherm parameters by minimizing the respective coefficient
of determination between experimental data and isotherms using
the solver add-in with Microsoft’s Excel spreadsheet.

The Langmuir isotherm theory assumes monolayer coverage
of adsorbate over a homogenous adsorbent surface [29]. A basic
assumption is that sorption takes place at specific homogeneous
sites within the adsorbent. Once a dye molecule occupies a site,
no further adsorption can take place at that site. The Langmuir
isotherm is [29]:

qe = qmKaCe

1 + KaCe
(4)
where qm (mg/g) and Ka (L/mg) are the Langmuir isotherm con-
stants. The Langmuir isotherm model has been successfully applied
to many adsorption processes [31,32,16]. The equilibrium data were
fitted to Langmuir isotherm and the constants together with the R2



236 B.H. Hameed / Journal of Hazardous Materials 166 (2009) 233–238

Table 2
Isotherm parameters for removal of MB on GW.

Isotherms Parameters Value

Langmuir Qo (mg/g) 457.640
Ka 0.0023
R2 0.9975

Freundlich KF 1.423
n 1.123
R2 0.9970
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Fig. 4. Isotherm plots for MB adsorption on GW.

alue are listed in Table 2. Fig. 4 shows the experimental equilibrium
ata and the predicted theoretical Langmuir isotherm.

The essential characteristics of the Langmuir isotherm can be
xpressed in terms of a dimensionless constant separation factor
L that is given by Eq. (5) [33]:

L = 1
(1 + KaC0)

(5)

here C0 (mg/L) is the highest initial concentration of adsorbate,
nd Ka (L/mg) is Langmuir constant. The value of RL indicates
he shape of the isotherm to be either unfavorable (RL > 1), linear
RL = 1), favorable (0 < RL < 1), or irreversible (RL = 0). The RL values
etween 0 and 1 indicate favorable adsorption. For adsorption of
B onto GW, RL values obtained as shown in Fig. 5 are in the range
f 0.534–0.861, indicating that the adsorption is a favorable process.
The Freundlich isotherm [30] is an empirical equation assuming

hat the adsorption process takes place on heterogeneous surfaces
nd adsorption capacity is related to the concentration of MB dye

Fig. 5. The separation factor for MB adsorption on GW.
Fig. 6. Pseudo-first-order kinetic for adsorption of MB on GW.

at equilibrium:

qe = KFC1/n
e (6)

where KF (mg/g (L/mg)1/n) is roughly an indicator of the adsorption
capacity and 1/n is the adsorption intensity. The magnitude of the
exponent, 1/n, gives an indication of the favorability of adsorption.
Values of n > 1 represent favorable adsorption condition [34,35].
The values of KF, n and R2 for Freundlich isotherm are given in
Table 2. Fig. 4 shows the experimental equilibrium data and the pre-
dicted theoretical Freundlich isotherm. The isotherm parameters
and R2 values determined by non-linear regression are presented
in Table 2. Based on the R2 values, the data fitted well with Langmuir
isotherm with R2 of 0.9975.

Table 1 presents the comparison of adsorption capacity of GW
for MB (qm = 457.64 mg/g) with that of several other low-cost adsor-
bents reported in literature. A direct comparison with different
MB/adsorbents listed in Table 1 is not possible because the proper-
ties of adsorbents and experimental conditions used are different.
However, it can be concluded that the adsorption capacity of GW
found in this work was comparable to those adsorbents for cationic
dye removal.

3.5. Adsorption kinetics

The experimental data for the adsorption of MB on GW were
fitted using the pseudo-first-order (Eq. (7)) [36] and pseudo-
second-order kinetic models (Eq. (8)) [37]:

log(qe − qt) = log qe − k1

2.303
t (7)

t

qt
= 1

k2q2
e

+ 1
qe

t (8)

where qe (mg/g) is the amount of adsorbate adsorbed at equilib-
rium, qt (mg/g) is the amount of adsorbate adsorbed at time t, k1
(1/min) is the rate constant of pseudo-first-order adsorption, k2
(g/mg. min) is the rate constant of pseudo-second-order adsorption.

The straight-line plots of log(qe − qt) versus t (Fig. 6) for the
adsorption of MB onto GW have also been tested to obtain the rate
parameters. The k1, qe,cal and correlation coefficients R2 under dif-
ferent MB concentrations were calculated from these plots and are

listed in Table 3. The correlation coefficients R2 listed in Table 3 for
the first-order kinetic model were ≥0.9206.

Fig. 7 shows plots between (t/qt) versus t. The k2 and qe,cal values,
computed from Eq. (8) along with correlation coefficients R2 are
listed in Table 3. The R2 values obtained for this model were above
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Table 3
Comparison of the pseudo-first-order and pseudo-second-order adsorption rate constants, and calculated and experimental qe values for different initial MB concentrations.

C0 (mg/L) Pseudo-first-order kinetic model Pseudo-second-order kinetic model

k1 (1/min) qe,cal. (mg/g) R2 �q (%) k2 (g/mg min) qe,cal. (mg/g) R2 �q (%)

70 0.0755 11.3058 0.9206 34.49 0.0120 17.4520 0.9988 3.67
130 0.0336 49.0682 0.9783 55.70 0.0057 30.7692 0.9996 1.89
190 0.0348 38.4592 0.9717 25.36 0.0038 43.2900 0.9997 1.26
250 0.0398 23.1366 0.9300 63.83 0.0017 59.5238 0.9994 1.91

9.05
3 8.89
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310 0.0643 22.1360 0.9913 6
80 0.0283 58.1969 0.9608 3

.9973 for all concentrations studied, which were higher than the
2 values obtained for the pseudo-first-order model.

In order to quantitatively compare the applicability of the model
n fitting the data, a normalized standard deviation, �q, was calcu-
ated from Eq. (9).

q(%) = 100 ×

√∑
[(qt,exp − qt,cal)/qt,exp]2

(n − 1)
(9)

here the qt,exp and qt,cal refer to the experimental and calcu-
ated values and n is the number of data points. The calculated
e,cal values obtained from the pseudo-first-order kinetic model
id not give reasonable values, showing relatively large �q val-
es of 25.36–69.05%. Thus the experimental results did not follow
he first-order kinetic model. However, for pseudo-second-order
inetic, the calculated qe,cal values agreed with experimental qe exp

alues, giving relatively small deviation of 1.26–3.67%, besides the
inear regression coefficients were close to 1.00. Therefore, it can
e concluded that the kinetics of MB adsorption on GW followed
seudo-second-order model, suggesting that chemisorption might
e the rate-limiting step that controlled the adsorption process.

.6. Intraparticle diffusion study

In order to investigate the mechanism of the MB adsorption onto
W, intraparticle diffusion based mechanism was studied. The most
ommonly used technique for identifying the mechanism involved
n the adsorption process is by fitting an intraparticle diffusion plot.
t is an empirically found functional relationship, common to most

dsorption processes, where uptake varies almost proportionally
ith t1/2 rather than with the contact time t. According to the theory
roposed by Weber and Morris [38]:

t = kpit
1/2 + Ci (10)

Fig. 7. Pseudo-second-order kinetic for adsorption of MB on GW.
0.0012 72.9927 0.9990 2.42
0.0009 84.7458 0.9973 2.84

where kpi (mg/g min1/2), the rate parameter of stage i, is obtained
from the slope of the straight line of qt versus t1/2. If intraparticle
diffusion occurs, then qt versus t1/2 will be linear and if the plot
passes through the origin, then the rate limiting process is only due
to the intraparticle diffusion. Otherwise, some other mechanism
along with intraparticle diffusion is also involved [39]. The plots of
intraparticle diffusion model shown in Fig. 8 were not linear over
the whole time range, implying that more than one process affected
the adsorption. Such finding is similar to that made in previous
works on adsorption [40].

3.7. Characterization of GW

Fig. 9a and b shows SEM images for grass adsorbent before
adsorption and after 180 min adsorption process, respectively. From
Fig. 9a, it is clear that, GW has a rough surface with a heterogeneous
pores and cavities. This indicates that there is a good possibility for
MB dye to be trapped and adsorbed into the surface.

The FTIR spectra obtained revealed that there were various func-
tional groups detected on the surface of GW. The broad peaks
detected at 3434 and 3435 cm−1 (Figure not shown), respectively
found in the spectrum of the GW before and after MB adsorption,
could be assigned to O–H stretching vibration of hydroxyl func-
tional groups [41,42]. Other functional groups found on both the
GW before and after MB adsorption were C H stretching vibra-
tion and NH2 deformation, respectively recorded at 2852–2923
and 1602–1640 cm−1. However, the intensities of the peaks became
weaker after MB adsorption. Other peaks detected on the GW
before MB adsorption were located at 1464 and 1164 cm−1, respec-

tively assigned to CH2 deformation and C N stretching vibration.
Nevertheless, these two functional groups disappeared after MB
adsorption.

Fig. 8. Intraparticle diffusion plot for adsorption of MB on GW for different initial
MB concentrations.
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ig. 9. SEM images for grass adsorbent (a) before adsorption and (b) after 180 min
dsorption process (500X).

. Conclusions

Grass waste sorbent was an effective adsorbent for MB. The
quilibrium data were analyzed using the Langmuir and Freundlich
sotherms. The data were better described by the Langmuir model.
he maximum adsorption capacity obtained was 457.64 mg/g at
0 ◦C. Kinetic data were adequately fitted by the pseudo-second-
rder kinetic model. The results of the intraparticle diffusion
odel suggested that intraparticle diffusion was not the only rate-

ontrolling step.
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