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Abstract

The sorption of basic dye from aqueous solutions by banana stalk waste (BSW), an abundant agricultural waste in Malaysia, was studied in a
batch system with respect to pH and initial dye concentration. Sorption isotherm of methylene blue (MB) onto the BSW was determined at 30 °C
with the initial concentrations of MB in the range of 50-500 mg/L. At pH 2.0, the sorption of dye was not favorable, while the sorption at other
pHs (4.0-12.0) was remarkable. Equilibrium data were fitted to the Langmuir, Freundlich and Temkin isotherm models. The equilibrium data
were best represented by the Langmuir isotherm model, with maximum monolayer adsorption capacity of 243.90 mg/g. The sorption kinetic data
were analyzed using pseudo-first-order, pseudo-second-order and intraparticle diffusion models. It was found that the pseudo-second-order kinetic
model was the best applicable model to describe the sorption kinetics. The results showed that BSW sorbent was a promising for the removal of

MB from aqueous solutions.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Removal of synthetic dyestuffs from aqueous solution is nec-
essary because of the frequent appearance of these dyestuffs in
wastewaters generated from textile and other industries. The
presence of dyes in water is undesirable since even a very small
amount of these coloring agents is highly visible and may be
toxic to the aquatic environment [1-5]. Therefore, removal of
dyes is an important aspect of wastewater treatment before dis-
charge.

Activated carbon is the most popular and widely used adsor-
bent, but there are certain problems with its use. It is expensive
and the higher the quality the greater the cost. Furthermore,
regeneration using solutions produces a small additional efflu-
ent, while regeneration by refractory technique results in a
10-15% loss of adsorbent and its uptake capacity. Therefore,
there is a growing interest in using low-cost, easily available
materials for the adsorption of dye colors [6].
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Because of its low-cost and widespread availability, biomass
has often been investigated to remove dyes from aqueous solu-
tions. These include palm ash [7,8], Posidonia oceanica (L.)
fibers [9], Luffa cylindrica fibers [10] and coconut copra meal
[11]. In this work, we attempt to use abundantly available lig-
nocellulosic agricultural wastes, banana stalk, as a sorbent to
remove methylene blue (MB) from aqueous solution. Banana
(Musa sapientum) is native to Southeast Asia, where it was one
of the first cultivated crops. In Malaysia, banana is grown in
most of the states. It remains the second most important fruit
crop (after durian). Most of the bananas produced are consumed
locally and about 10% are exported. The banana plant (Musa
cavendishii) produces a residual component named fruit stalk
with holocellulose and lignin corresponding to 33 and 8.67% of
the dry weight of this component, respectively [12]. The banana
fruit stalk which accumulates in the agro-industrial yards, has
no significant industrial and commercial uses, but contributes
to serious environmental problems [13]. Typically, this banana
stalk was casually disposed of into landfills and rivers where
it would oxidize and harm the local ecology. Therefore, any
attempt to reutilize the banana stalk waste (BSW) will be useful.
Recently, the banana stalk was used as a precursor material for
the preparation of an adsorbent with carboxylate functionality
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Scheme 1. Chemical structure of methylene blue.
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by grafting polyacrylamide onto banana stalk using the
Fe**—H,0, redox initiator system [14]. Shibi and Anirudhan
[15] prepared polyacrylamide grafted banana stalk, (PGBS) hav-
ing —COOH group (PGBS-COOH) from banana stalk (a waste
and an inexpensive precursor), for the removal of Co(I) from
aqueous solutions.

The purpose of this work was to investigate the feasibility of
BSW as a sorbent for the removal of methylene blue from aque-
ous solution. Adsorption isotherms and kinetics of the sorption
process were studied. Further, a single-stage batch adsorber has
been designed for the removal of methylene blue by BSW based
on the equilibrium data obtained.

2. Materials and methods
2.1. Adsorbate

The basic dye used in this study was MB purchased from
Sigma—-Aldrich. The maximum wavelength of this dye is
668 nm. The structure of MB is shown in Scheme 1.

2.2. Sorbent

The BSW used for the preparation of the adsorbent was col-
lected from the main fruit market of Nibong Tebal, Penang. It
was washed with distilled water to remove the surface adhered
particles and water-soluble materials. Then it was sliced, spread
on trays and oven dried at 60 °C for 48 h. The dried slices were
ground and sieved to obtain a particle size range of 0.5-1 mm
and stored in plastic bottle for further use. No other chemical or
physical treatments were used prior to adsorption experiments.

2.3. Equilibrium studies

Adsorption experiments were carried out by adding a fixed
amount of sorbent (0.20 g) into 250-ml Erlenmeyer flasks con-
taining 200 ml of different initial concentrations (50-500 mg/L)
of dye solution. The temperature was controlled at 30 °C. Agita-
tion was provided at 100 rpm for 5 h and 30 min. The initial and
equilibrium dye concentrations were determined by absorbance
measurement using double beam UV-vis spectrophotometer
(Shimadzu, Model UV 1601, Japan) at 668 nm. It was then com-
puted to dye concentration using standard calibration curve. The
amount of adsorption at equilibrium, g, (mg/g), was calculated
by

_ (Co—C)V

W ey

qe

where Cy and C. (mg/L) are the liquid-phase concentrations of
dye at initial and equilibrium, respectively. V (L) is the volume
of the solution and W (g) is the mass of dry sorbent used.

The dye removal percentage can be calculated as follows:

Co—Ce
0

removal percentage = x 100 2)
where Cp and C, (mg/L) are the liquid-phase concentrations of
dye at initial and equilibrium, respectively.

2.4. Effect of solution pH

The effect of initial solution pH was determined by agitating
0.20 g of BSW sorbent and 200 mL of dye solution of initial
basic dye concentration of 100 mg/L using water-bath shaker
(30°C) at different solution pH ranging from 2 to 12. Agitation
was provided for 5.50 h contact time which is sufficient to reach
equilibrium with a constant agitation speed of 100 rpm. The pH
was adjusted by adding a few drops of diluted NaOH or HCI.

2.5. Batch kinetic studies

Kinetic experiments were identical to those of equilibrium
tests. The aqueous samples were taken at preset time intervals
and the concentrations of MB were similarly measured. The
amount of sorption at time ¢, g, (mg/g), was calculated by

_ (Co—C)HV
- w

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

qr 3

2.6. Scanning electron microscopy and Fourier transform
infra red study

Scanning electron microscopy (SEM) analysis was carried
out on the BSW to study its surface texture before and after
adsorption. Fourier transform infrared (FTIR) analysis was
applied on the BSW to determine the surface functional groups,
by using FTIR spectroscope (FTIR-2000, PerkinElmer), where
the spectra were recorded from 4000 to 400 cm ™.

3. Results and discussion
3.1. Effect of solution pH on dye adsorption

The effect of initial pH on equilibrium uptake capacity of
BSW was studied at 100 mg/L initial MB concentration and at
30 °C. Fig. 1 shows that the sorption of MB was minimum at the
initial pH 2 and increased with pH up to 4.0 and then remained
nearly constant over the initial pH ranges of 4—12. Therefore,
a pH 7 was chosen for the study of the effect of contact time
and initial MB concentration. The fact that the MB sorption rate
on the BSW was low at lower pH may be because the surface
charge may become positively charged, thus making (H*) ions
compete effectively with dye cations causing a decrease in the
amount of dye adsorbed. A similar behavior was observed for



B.H. Hameed et al. / Journal of Hazardous Materials 158 (2008) 499-506 501

120

100

80

60

q. (mg/g)

40

20

pH

Fig. 1. Effect of the solution pH on the adsorption of methylene blue on BSW
(Co =100 mg/L, temperature 30 °C, stirring rate 100 rpm and W=0.2 g).

biosorption of methylene blue by P. oceanica (L.) fibers [9]. At
higher pH values (4—12), the dye adsorption was almost constant.
At higher pH, the BSW may become negatively charged, which
enhances the positively charged dye cations through electrostatic
forces of attraction [9]. This finding is similar to that made in
previous works on adsorption [6,16,17]. The complex nature
of the adsorbent as will be discussed later in Section 3.6 may
indicate the possible involvement of some functional groups on
the surface of BSW in sorption process.

3.2. Effect of contact time and initial dye concentration on
dye adsorption

Fig. 2(a) illustrates the sorption of MB for different initial
concentrations of MB between 50 and 500 mg/L at 30°C as a
function of contact time. It is evident from Fig. 2(a) that the
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Fig. 2. (a) Effect of agitation time and initial concentration on removal of MB
by BSW. Conditions: sorbent dosage, 1.0 g/L; initial pH, 7.0; temperature 30 °C.
(b) Removal percentage vs. initial concentration.

amount adsorbed increased with the increase in the concen-
tration of solution, but the percentage of adsorption decreased
(Fig. 2b). When the initial MB concentration was increased
from 50 to 500 mg/L, the sorption uptake of BSW increased
from 41.04 to 201.61 mg/L. A higher initial concentration pro-
vides an important driving force to overcome all resistances of
the dye between the aqueous and solid phases, thus increasing
the uptake. In addition, increasing the initial dye concentration
increases the number of collisions between dye ions and the
BSW, which enhances the adsorption process. The percentage
removal of MB adsorbed decreased from 75.87 to 40.09% as
the initial concentration was increased from 50 to 500 mg/L (see
Fig. 2b).

The effect of contact time on the removal of MB by the BSW
at initial concentrations 50-500 mg/L and 30 °C showed rapid
adsorption of dye in the first 30 min. Such short times coupled
with high removals indicate a high degree of affinity for the
dye groups pointing towards chemisorption. The adsorption rate
decreased gradually and the adsorption reached equilibrium in
about 3 h and 30 min for initial concentrations of 50-100 mg/L.
For MB solutions with initial concentrations of 200-500 mg/L,
equilibrium time of 4h and 30min was required. The time
required to attain this state of equilibrium was termed the equilib-
rium time and the amount of dye adsorbed at the equilibrium time
reflected the maximum dye adsorption capacity of the adsorbent
under these particular conditions.

Reported data on the adsorption of MB by various adsorbents
have shown a wide range of adsorption rates. Waranusantigul et
al. [6] studied methylene blue biosorption by giant duckweed
(Spirodela polyrrhiza) and reported that the equilibrium states
were attained at 60 and 120 min for 300 and 500 mg/L of the
dye solutions, respectively. Lata et al. [18] studied methylene
blue adsorption using Parthenium hysterophorus, an agricul-
tural waste and reported that the equilibrium was established
within about 60 and 90 min for sulphuric acid treated Parthe-
nium (SWC) and phosphoric acid treated Parthenium (PWC),
respectively. Senthilkumaar et al. [19] studied the adsorption of
MB on jute fiber carbon at various concentrations (50, 100, 150,
and 200 mg/L) and reported that the equilibrium was established
at 250 min for all the concentrations studied.

3.3. Isotherm studies

The adsorption data were analyzed with three adsorption
isotherm models, namely Langmuir, Freundlich and Temkin.
The Langmuir adsorption model [20] is based on the assumption
that maximum adsorption corresponds to a saturated monolayer
of solute molecules on the adsorbent surface. The expression of
the Langmuir model is given by the following equation:

_ QObCe
14+ bCe

where ge (mg/g) and C. (mg/L) are the amount of adsorbed dye
per unit mass of sorbent and unadsorbed dye concentration in
solution at equilibrium, respectively. Qg is the maximum amount
of the adsorbed dye per unit mass of sorbent to form a complete
monolayer on the surface bound at high C,. (mg/g), and b (L/mg)

qe 4



502 B.H. Hameed et al. / Journal of Hazardous Materials 158 (2008) 499-506

Colae(g/L)

0 100 200 300 400
Ce (mg/g)

Fig. 3. Langmuir isotherm for MB sorption onto BSW at 30 °C.

is a constant related to the affinity of the binding sites. The linear
form of Langmuir model is
C. 1 Ce

=—+
ge  Qob Qo

The linear plot of specific adsorption (Ce/qe) against the equi-
librium concentration (C.) (Fig. 3) shows that the adsorption
obeys the Langmuir model. The Langmuir constants Qp and b
were determined from the slope and intercept of the plot and are
presented in Table 1.

The essential characteristics of the Langmuir isotherm can be
expressed in terms of a dimensionless constant separation factor
Ry that is given by the following equation [21]:

1
14 bCy

&)

Ry (6)
where Cy (mg/L), is the highest initial concentration of adsorbate
and b is Langmuir constant. The parameter Ry, indicates the
nature of the shape of the isotherm accordingly:

Ry>1 unfavorable adsorption
O<RpL<1 favorable adsorption
RL=0 irreversible adsorption
RL=1 linear adsorption

The values of Ry, in the present investigation have been found
tobe 0.103 at 30 °C indicating that the adsorption of MB on BSW
is favorable.

Table 1
Langmuir, Freundlich and Temkin isotherm constants and correlation coeffi-
cients for adsorption of MB on BSW at 30°C

Isotherm Parameters
Langmuir
Qo (mg/g) 243.902
b (L/mg) 0.0174
R? 0.995
Freundlich
Kg 13.258
n 1.966
R? 0.929
Temkin
A (L/g) 0.167
B 54.163
R? 0.978

In C,

Fig. 4. Freundlich isotherm for MB sorption onto BSW at 30 °C.

The Freundlich model [22] is an empirical equation that
assumes heterogeneous adsorption due to the diversity of adsorp-
tion sites. The Freundlich equation is expressed as

ge = KpCl/" 7

where Ky (mg/g (L/mg)/") is roughly an indicator of the adsorp-
tion 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 con-
ditions [23,24]. Eq. (7) may also be written in the logarithmic
form as

1
In ge =In Kg + <> In Ce (8)
n

Values of Kr and n are calculated from the intercept and slope
of the plot (Fig. 4) and are listed in Table 1.

Temkin and Pyzhev [25] considered the effects of some indi-
rect adsorbate/adsorbate interactions on adsorption isotherms
and suggested that because of these interactions the heat of
adsorption of all the molecules in the layer would decrease lin-
early with coverage. The Temkin isotherm has been used in the
following form:

RT
qe = (b> In(ACe) &)

Eq. (9) can be expressed in its linear form as

RT RT
qezjlnA—i—?lnCe (10)
where

RT
B=—

b

The adsorption data can be analyzed according to Eq. (10). A
plot of g. versus InCe (Fig. 5) enables the determination of
the constants A and B. The constant B is related to the heat of
adsorption. The constant A and B together with the R? values
are shown in Table 1.

The Langmuir, Freundlich and Temkin adsorption constants
evaluated from the isotherms at 30 °C with the correlation coef-
ficients are listed in Table 1. As seen from the table, very
high regression correlation coefficient (>0.99) was shown by
the Langmuir model. This indicates that the Langmuir model
was very suitable for describing the sorption equilibrium of MB
by the BSW sorbent. Similar results were reported for methy-
lene blue adsorption on wheat shells [16] and methylene blue
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Fig. 5. Temkin isotherm for MB sorption onto BSW at 30 °C.

adsorption from aqueous solution by dehydrated peanut hull
(123.5 mg/g) [26]. The maximum capacity Qg determined from
the Langmuir isotherm defines the total capacity of the biosor-
bent for the dye as 243.90 mg/g. The fact that the Langmuir
isotherm fits the experimental data very well may be due to
the homogenous distribution of active sites on the BSW sur-
face; since the Langmuir equation assumes that the surface is
homogenous. Table 1 also shows that the n value is greater than
1 which indicates favorable adsorption.

The maximum sorption capacity (Qp) of the BSW sor-
bent (mg/g) for methylene blue was compared with sorption
capacities of different sorbents for methylene blue reported
data: palm kernel fiber (223.41 mg/g) [27], dehydrated peanut
hull (123.5 mg/g) [26], wheat shells (16.56 mg/g) [16], methy-
lene blue biosorption by pretreated dead Streptomyces rimosus
(32.98 mg/g) [28] and methylene blue biosorption by giant
duckweed (Spirodela polyrrhiza) (119.05 mg/g) [6]. The per-
formance of the BSW is seen to be more effective for removal
of MB.

3.4. Adsorption kinetics

In order to analyze the sorption kinetics of MB on BSW,
the pseudo-first-order and pseudo-second-order kinetic models
were applied to the experimental data.

Lagergren proposed a method for adsorption analysis which
is the pseudo-first-order kinetic equation of Lagergren [29] in
the form:

dg;
T ki(ge — q1) (11)
4
* 50 (mg/L) = 100 (mg/L) 4 200 (mg/L)
o o x 300 (mg/L) x 400 (mg/L) © 500 (mg/L)
5
Eaf
4
s
bl
=0
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Fig. 6. Pseudo-first-order sorption kinetics of MB onto BSW.

Table 2

Comparison of the pseudo-first-order, pseudo-second-order adsorption rate con-
stants and calculated and experimental g, values obtained at different initial MB
concentrations

Pseudo-second-order
kinetic model

Pseudo-first-order
kinetic model

Initial G exp
conc. (mg/g)

ki (L/h) qe.cal R? ko qe.cal R?
(mg/g) (g/mgh)  (mg/g)

50 41.04  0.658 20.82 0.958 0.056 43.67 0.999
100 76.22  0.896 90.16 0.895 0.012 89.29 0.997
200 135.72  1.091 201.50 0.839 0.007 156.25 0.996
300 17492  1.097 230.30 0.878 0.007 196.08 0.997
400 192.67  0.900 152.67 0.831 0.010 208.33  0.997
500 201.61 0.841 127.31 0.878 0.012 21277  0.998

Integrating this for the boundary conditions =0 to =t and
q:=0to g, =qy, gives

1
2.303 ! (12)
where ki is the rate constant (1/h), g the amount of solute
adsorbed on the surface at equilibrium (mg/g), ¢; the amount
of solute adsorbed at any time (mg/g). The value of the adsorp-
tion rate constant (k1) for MB sorption by BSW was determined
from the plot of log(ge — ¢g;) against ¢ (Fig. 6). The parame-
ters of pseudo-first-order model are summarized in Table 2. In
many cases the first-order equation of Lagergren does not fit
well to the whole range of contact time and is generally appli-
cable over the initial stage of the adsorption processes [30].
Although the correlation coefficients, RZ, for the application of
the pseudo-first-order model are reasonably high in some cases,
the calculated ¢, is not equal to experimental g., suggesting the
adsorption of MB on BSW is not likely to be a pseudo-first-order
for the initial concentrations examined.

The pseudo-second-order equation based on equilibrium
adsorption [24] is expressed as

t 1 1

— =+ —1 (13)
% kg2 ge

log(ge — q;) = log ge —

where k; (g/mgh) is the pseudo-second-order rate constant
determined from the plot of #/¢q; versus ¢, as shown in Fig. 7.
The g. and k> can be calculated from the slopes and intercepts

0.20
* 50(mg/L) = 100(mg/L)
A 200(mg/L) X 300(mg/L)
0151 % 400(mg/L) © 500(mg/L)
)
£
e
£ olof
g
0.05 -
- FW
0 1 2 3 4 5 6

Time (h)

Fig. 7. Pseudo-second-order sorption kinetics of MB on BSW.



504 B.H. Hameed et al. / Journal of Hazardous Materials 158 (2008) 499-506

Table 3

Intraparticle diffusion constants for different initial MB concentrations

Initial conc. (mg/L) Ge,cal (Mg/Q) ki (mg/g h!72) C R?
50 42.434 9.122 21.04 0.907

100 80.208 26.315 18.50 0.969

200 143.071 44.821 37.97 0.965

300 183.844 51.781 62.42 0.966

400 198.614 43.363 96.93 0.957

500 207.271 39.962 113.56 0.961

of the plots #/q; versus ¢. The second-order rate constants values
are shown in Table 2.

It can be seen from Table 2 that the coefficients for the
pseudo-first-order kinetic model obtained at all the studied con-
centrations were low. Also the theoretical g. values found from
the pseudo-first-order kinetic model did not give reasonable val-
ues. This suggests that this sorption system is not a first-order.
The calculated g, values agree very well with the experimen-
tal values for the case of pseudo-second-order kinetics, and a
regression coefficient of above 0.99 shows that the model can
be applied for the entire adsorption process and confirms the
chemisorption of MB onto BSW. Similar results were reported
for methylene blue adsorption on wheat shells [16], methylene
blue adsorption from aqueous solution by dehydrated peanut hull
(123.5 mg/g) [26] and methylene blue adsorption on wheat shells
[16]. From Table 2, it was observed that the pseudo-second-order
rate constant (k) decreased with increased initial concentration.

The above two equations cannot identify the diffusion mecha-
nism; the intraparticle diffusion model which refers to the theory
proposed by Weber and Morris is thus tested [31] to identify the
diffusion mechanism. According to this theory:

g =kit'> + C (14)

where ; is the intraparticle diffusion rate constant (mg/gh'/?)
and C (mg/g) is a constant that gives an idea about the thickness
of the boundary layer, i.e., the larger the value of C the greater
is the boundary layer effect. If the Weber—Morris [32] plot of
g; versus 1 gives a straight line, then the sorption process is
controlled by intraparticle diffusion only. The k; and C can be
calculated from slope and intercept of the plots g; versus .
The intraparticle diffusion rate constants values are shown in
Table 3. It can be seen from Fig. 8 that the regression was lin-

320
ol ¢ S0(mglL) = 100 (mg/l)
A 200 (mg/L) X 300 (mg/L)
240l % 200 (mgi) o 500 (mg/l)
) L
&0 200 ;
E 160}
= 120t
80 b
40 b /T’t
O 1 1 1 1 1
0.00 050 1.00 1.50 200 250 3.00
Timeﬂ.ﬁ (h(|.5)

Fig. 8. Plots for evaluating intraparticle diffusion rate constant for sorption of
MB onto BSW.

o, mg of solute/g of
adsorbent
W, g of adsorbent

V, L of solvent
C; mg of solute/L of
solvent

V, L of solvent
C, mg of solute/L of
solvent

qu, mg of solute/g of
adsorbent
W, g of adsorbent

Fig. 9. A single-stage batch adsorber.

ear, but the plot did not pass through the origin, suggesting that
adsorption involved intraparticle diffusion, but that was not the
only rate-controlling step. Other kinetic models may control the
adsorption rate. This finding is similar to that made in previous
work on methylene blue adsorption [33].

3.5. Design of batch sorption from isotherm data

Fig. 9 shows a schematic diagram for the batch sorption pro-
cess where the effluent contains V (L) of water and an initial MB
concentration Cg, which is to be reduced to Cj in the adsorption
process. In the treatment stage, a mass of W (g) fresh BSW is
added to solution and the dye concentration on the solid changes
from gp =0to g1. The mass balance for the dye in the single stage
is given by

V(Co— C1) = W(go — q1) (15)
Under equilibrium conditions,

Ci—Ce and g1 — ge

VCo + Wgqo = VCe + Wqe (16)

For the adsorption of MB on BSW, the Langmuir isotherm gives
the best fit to experimental data. Consequently equation can be
best substituted for q; in the rearranged form of Eq. (16) giving

50
il ©60.00% = 70.00%
480.00%  +90.00%
- 30
o
=
20
10
0 1 1 1 1 1 1 L
0 2 4 6 8 10 12 14 16 18
Vi)

Fig. 10. Adsorbent mass (W) against volume of effluent (V) treated for different
percentages of MB removal.
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Fig. 11. Scanning electron microscope of fresh BSW (a) and dye adsorbed with
MB (b) (magnification: 1000x).

adsorbent/solution ratios for this particular system,

_ Co— Ce a7
"~ QobCe/1 +bCe

W_C()—Cl
% qe

Fig. 10 shows a series of plots (60, 70, 80 and 90% dye removal
at different solution volumes) derived from Eq. (17) at initial
dye concentration of 50 mg/L and 30 °C.

%T

4000 3600 2800 2000 1600 1200 800 400
Wavelength (cm™)

Fig. 12. FTIR spectrum of BSW.

3.6. SEM and FTIR of BSW

The surface structure of BSW was analyzed by SEM before
and after MB adsorption (Fig. 11a and b). The textural structure
examination of BSW particles can be observed from the SEM
photographs (Fig. 11a). This figure reveals that the pores within
the BSW particles are highly heterogeneous. After dye adsorp-
tion, a significant change is observed in structure of the BSW
(Fig. 11b). It can be seen that the BSW surface became rough
because it is covered by dye molecules.

The FTIR spectrum obtained (Fig. 12) for the BSW displayed
the following bands:

3400.8 cm™!: O—H stretch

2928.73 cm™!: C—H stretch

1618.22cm™!: C=C stretch

1497.47 cm™! and 1407.86 cm™!: phenyl

1384.64cm™! and 1320.75cm™': C—(CH3),

1108.21 cm™!: C—O stretch

1054.66 cm~!: C—O—C stretch

620.28 cm™!: C—OH twist

is clear from Fig. 12 that the adsorbent displays a number
of absorption peaks, reflecting the complex nature of the
adsorbent.

It

4. Conclusions

The present work shows that banana stalk waste, abundantly
available in Malaysia, is an efficient sorbent for the removal
of MB from aqueous solution and it may be an alternative to
more costly adsorbents such as activated carbon. The equilib-
rium data have been analyzed using Langmuir, Freundlich and
Temkin isotherms. The Langmuir isotherm was demonstrated to
provide the best correlation for the sorption of MB onto BSW
sorbent. The maximum monolayer adsorption capacity of BSW
was found to be 243.90 mg/g at 30 °C. The sorption kinetics of
the MB onto the BSW is well described by the pseudo-second-
order model.
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