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ABSTRACT

Fallen coconut leaves (CLs) are agricultural wastes largely available in Malaysia. In this
study, we utilized CLs as a low-cost adsorbent for adsorptive removal of methylene blue
(MB), a cationic dye from aqueous solution. Response surface methodology was employed to
investigate the effects of operational parameters on MB removal efficiency. The investigated
variables included adsorbent dosage (0.5–1.5 g/L), initial MB concentration (10–50 mg/L),
initial solution pH (4–10), and agitation time (5–45 min). The analysis of variance was
incorporated to test the adequacy of the model. The highest MB removal efficiency was
achieved by simultaneous interactions between adsorbent dosage with pH, adsorbent dosage
with agitation time, and pH with agitation time. Other simultaneous interactions showed
lower effects. The optimum adsorbent dosage, initial MB concentration, initial solution pH,
and agitation time were 1.26 g/L, 19.01 mg/L, 8.65, and 5.00 min, respectively. Under opti-
mal conditions, high removal efficiency for MB was observed as 86.38%, and the equilibrium
adsorption isotherms and kinetics were investigated. The Langmuir, Freundlich, and Temkin
models of adsorption were used to analyze the experimental data. Pseudo-first-order and
pseudo-second-order models were also employed to analyze the kinetic data obtained at dif-
ferent MB initial concentrations. The adsorption kinetics closely followed the pseudo-second-
order model. Based on the Langmuir model, the maximum adsorption capacity of MB on the
CL surface was 112.35 mg/g at 27 ± 2˚C.
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1. Introduction

Over the past decades, the discharge of dye efflu-
ents from textile, leather, paper, and plastic industries
into water streams, aquifer systems, and the environ-
ment poses serious problems to many life forms.
Removing dyes from the aquatic environment is extre-
mely important from the health point of view because
most of these dyes are toxic and cause allergy and
skin irritation. Moreover, most of these dyes are muta-
genic and carcinogenic [1–3]. Therefore, industrial
effluents containing dyes should be treated before dis-
posal to the environment [4,5]. Methylene blue (MB) is
a basic dye and is the commonly used substance for
dyeing cotton, wood, and silk [6]. MB can cause sev-
eral harmful effects, such as increased heart rate,
vomiting, shock, Heinz body formation, cyanosis,
jaundice, quadriplegia, and tissue necrosis in humans
[7]. Therefore, the removal of such a dye from process
effluent becomes environmentally important.

Various treatment methods are available for the
removal of dyes from wastewater. These methods
include biotreatment [8–10], flocculation–coagulation
[11], photocatalytic degradation [12], Fenton chemical
oxidation [13,14], cation exchange membranes [15],
and electrochemical degradation [16]. Adsorption is
one of the most effective techniques of advance
wastewater treatment and water re-use in terms of
availability of different low-cost adsorbents. This tech-
nique provides high performance and convenience of
operation and selectivity as well as exhibits a simple
design and flexibility. Adsorption also does not result
in the formation of harmful by-products [17]. More-
over, adsorption is an effective treatment method
applicable for different categories of water pollutants,
such as heavy metal [18,19], uncolored organic pollu-
tants [20], and hazardous dyes [21–23].

The dye removal from wastewater by adsorption
technique using commercially activated carbons is an
effective treatment method. However, the high cost of
this method has motivated the search for alternative
industrial, agriculture, and biomass wastes as low-cost
adsorbents. These alternatives include de-oiled soya
[23], pineapple stem [24], oil palm trunk fiber [25],
durian peel [26], guava leaf powder [27], almond
shells [28], pomelo peel [29], broad bean peel [30],
jackfruit peel [31], rice husk [32], palm kernel fiber
[33], coconut bunch waste [34], grass waste [35], raw
bagasse [36], banana leaves [37], papaya stem [38],
platanus leaves [39], and lignite [40].

Malaysia weather benefits from a tropical climate
with no winter, plenty of sunshine, rainfall, high
temperatures, and high humidity throughout the year.
Thus, this country has the highest rate of biomass

production worldwide, generating large quantities of
organic wastes, such as grass, leaves, and flowers [35].
In Malaysia, fallen coconut leaves (CLs) (Cocos
nucifera) are one of the organic components of solid
wastes without economic value and often cause
serious disposal problems to the local environments.

This work aims to investigate the potential of fal-
len CLs, which are abundantly available solid wastes
in Malaysia, as an adsorbent for the removal of MB
from aqueous solutions. The influence of adsorption
fundamental parameters, including adsorbent dose,
initial dye concentration, pH, and contact time, on MB
removal was investigated. A face-centered composite
design (FCCD) by response surface methodology
(RSM) was selected to elucidate the simultaneous
effects of the fundamental parameters on the adsorp-
tion process. The multiple regression analysis tech-
nique was applied in the RSM to develop the
equations and empirical models that correlate the MB
removal efficiency to four adsorption variables. The
analysis of variance (ANOVA) was also included to
assess the adequacy of the model. The optimized
conditions developed from the model were validated
experimentally, and the CL feasibility for MB removal
was also determined. Under optimal experimental
conditions, the equilibrium isotherm and kinetics
studies were performed. The RSM approach has been
successfully applied to optimize the response effi-
ciency and evaluate simple and combined effects of
different variables on the response of several dye
removal processes [12,36,41–48].

2. Materials and methods

2.1. Preparation of adsorbent/CL

Fallen CLs used as an adsorbent were collected
from Universiti Teknologi MARA, Arau Campus,
Perlis, Malaysia. The collected CLs were washed with
water to remove all the dust and dissolvable
substance. The leaves were then cut into small pieces
(1–3 cm) and dried at 80˚C for 48 h using a hot air
oven. The dried pieces were ground and sieved to
obtain a particle size range of 150–212 μm of CL pow-
der. Thirty grams of CL powder was washed with hot
distilled water until the filtered water was clear.
Subsequently, the CL powder was dried at 80˚C for
24 h in an oven and then stored in desiccators for fur-
ther use. The CL powder was characterized using
scanning electron microscopy (SEM; LeoSupra VP50;
Carl-Zeiss, SMT, Germany) and Fourier transform
infrared spectroscopy (FTIR; Nicolet, Thermo Electron
Corporation).
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2.2. Adsorbate/MB

MB a basic dye was purchased from R&M. MB
with a molecular formula of C16H18C1N3S·xH2O, a
molecular weight of 319.86 g/mol, and a dye content
of ~82% was chosen as adsorbate. The stock solution of
MB was prepared (1,000 mg/L), and the desired con-
centration was obtained by diluting the stock solution
with ultrapure water (18.2 MΩ/cm). The initial pH of
the MB solution was adjusted with 0.1 mol/L HCl or
0.1 mol/L NaOH using a Metrohm 827 pH lab meter.

2.3. Experimental design

RSM is a technique used for developing an empiri-
cal model by mathematical and statistical analyses to
optimize responses or output variables that are influ-
enced by several input variables. RSM generates
regression model equation and optimized conditions
using a minimum number of experimental runs
according to the experimental design [49–52].

A FCCD was applied for the present work. This
rotatable design is suitable for fitting a quadratic sur-
face and usually works well for process optimization
[12]. To evaluate the influence of operating parameters
on MB removal efficiency (response Y), we selected
four independent variables, namely, adsorbent dosage
(A), initial MB concentration (B), initial solution pH
(C), and time agitation (D). For the four variables, 30
experiments were conducted including 16 experiments
at factorial points, 8 experiments at axial points, and 6
replications at central points. All experiments were
derived from Eq. (1) [53].

N ¼ 2n þ 2nþ nc ¼ 24 þ 2ð4Þ þ 6 ¼ 30 (1)

where N is the total number of experiments required
and n is the number of factors.

The variables (Xi) were coded as xi according to
Eq. (2) [48] to ease statistical calculations.

xi ¼ Xi � Xo

DXi
(2)

where Xo is the value of Xi at the center point, and
ΔXi presents the step with maximum and minimum
values of variable Xi.

The correlation between response and independent
variables associated with the central composite matrix
was approximated by the following second-order
quadratic polynomial equation [54]:

y ¼ bo þ
Xk
i¼1

bixi þ
Xk

i¼1

biix
2
i þ

Xk

i¼1

Xk

i 6¼j¼1

bijxixj þ e (3)

where y is the response (dependent variables) and β0
is the constant coefficient. βi, βii, and βij are linear,
quadratic, and interaction coefficients, respectively, χi
and χj are the coded values of variables, and ε is the
residual term. Design-Expert software (version 7.0.0)
(STAT-EASE Inc., Minneapolis, USA) was used for
model-fitting steps, data analysis, and evaluation of
the statistical significance of the equations.

2.4. Evaluation of the fitted model

The goodness of the fitted second-order polyno-
mial model was evaluated by the coefficient of
determination (R2) and ANOVA.

2.5. Optimization analysis

Optimum conditions for variables including adsor-
bent dose (A), initial MB concentration (B), pH (C),
and agitation time (D) were obtained using the data
from statistical analysis. Design-Expert software was
used to search for a combination of factors that
simultaneously satisfy the requirements placed on
each of the response and factor.

2.6. Batch experiments

MB removal experiments were conducted by vary-
ing the process parameters formed by FCCD. Based
on the preliminary study, CL powder with a particle
size of 150–212 μm was employed throughout the
experiment. The range and level of variables that were
used in this experimental design were 0.5–1.5 g/L for
CL adsorbent dosages, 10–50 mg/L for initial MB
concentration, 4–10 for initial pH of MB solution, and
5–45 min for contact times. For each run, 100 mL of
the MB solution with certain concentration and initial
pH was collected into a 250-mL Erlenmeyer flask. The
adequately weighed adsorbent CL powder was added,
and the flasks were agitated at room temperature
(RT = 27 ± 2˚C) using an orbital shaker (Model: SK
300; Lab-companion) at 120 rpm. After a certain dura-
tion, samples were collected, filtered using a nylon
syringe filter (pore size of 0.2 μm, diameter of 25 mm;
Whatman), and analyzed by a DR 2800 HACH spec-
trophotometer at a λmax of 661 nm. The MB removal
efficiency was calculated using the following equation:
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MB removal ð%Þ ¼ ðCi � CfÞ=Ci � 100 (4)

where Ci is the initial MB concentration (mg/L) and
Cf is the final MB concentration in solution (mg/L).

3. Results and discussion

3.1. Characterization of the prepared CL adsorbent

The surface morphology of CL-derived adsorbent
powder was observed using the SEM technique.
Fig. 1(a) and (b) shows the surface morphology of CL
powder before MB adsorption at different magnifica-
tions. The CL material exhibited a rough surface and a
porous structure. The surface condition of CL was
responsible for its good adsorption property. After
MB adsorption, the surface of the dye-loaded CLs dis-
played an irregular, non-porous, and compact struc-
ture because of the adsorbed MB dye molecules
(Fig. 1(c)). FTIR analysis was performed to identify the
main functional groups in CLs that may be involved
in the adsorption process (spectra not shown). Table 1
shows the number of distinct absorption bands of CLs
before and after MB adsorption. A number of absorp-
tion peaks were observed, indicating the complex nat-
ure of the prepared biomass. The results revealed
sorbent heterogeneity, evidenced by the different
characteristic peaks. The main functional groups that
contributed to adsorption were –OH, C=O, C–O, C–H,
and –COOH [55].

3.2. Statistical analysis

A batch study of the 30 experiments designed by
Design-Expert software (runs) was performed to verify
the effect of the four independent process variables
including adsorbent dose (A), initial MB concentration
(B), pH (C), and agitation time (D), and their interac-
tive impacts on the MB removal efficiency (as
response). A quadratic polynomial model was used to
develop the mathematical relationship between the
response and the independent process variables. The
experimental and predicted results for MB removal
efficiency at each point that were obtained for different
combinations of selected variables are shown in Table 2.

3.3. Model validation

An ANOVA was carried out to assess the statisti-
cal significance of the FCCD model. The results of the
second-order response surface model in the form of
an ANOVA are shown in Table 3.

Values of model terms Prob > F < 0.0500 indicate
that factors are significant under selected conditions.
Significant model terms for response (MB removal %)
were A, B, C, D, AC, AD, CD, A2, B2, C2, and D2.

Fig. 1. SEM images of CL before adsorption at magnifica-
tion 1.00 and 3.00 KX (a) and (b) respectively, image (c) for
CL after MB adsorption at magnification 3.00 KX.
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Table 1
FT-IR spectral characteristics of CL before and after adsorption of MB

Wavelength range (cm−1)

Frequency (cm−1)

Difference AssignmentBefore adsorption After adsorption

3,500–3,000 3,398.56 3,413.38 −14.82 Bonded—OH groups
2,900–2,800 2,920.57 2,921.23 −0.66 CH stretching

2,855.16 2,853.40 1.76
2,500–2,300 2,363.34 2,364.52 −1.18 O–H carboxylic acid
1,740–1,680 1,729.13 1,730.78 −1.65 C=O carbonyl group
1,620–1,680 1,608.99 1,639.56 −30.57 C=C stretching
1,500–1,400 1,448.29 1,449.52 −1.23 C–O stretching
1,080–1,360 1,238.02 1,244.28 −6.62 C–N stretching
1,070–1,150 1,052.09 1,062.20 −10.11 C–OH stretching

Table 2
FCCD for four independent variables with the observed response (MB removal %)

No. of runs (A) Adsorbent dose (g/L) (B) [MB]o (mg/L) (C) pH (D) Time (min)

MB removal %

Actual value Predicted value

1 0.50 10.00 4.00 5.00 55.87 57.78
2 1.50 10.00 4.00 5.00 68.56 68.54
3 0.50 50.00 4.00 5.00 45.08 41.65
4 1.50 50.00 4.00 5.00 49.96 50.13
5 0.50 10.00 10.00 5.00 65.95 66.85
6 1.50 10.00 10.00 5.00 85.51 85.84
7 0.50 50.00 10.00 5.00 47.96 49.64
8 1.50 50.00 10.00 5.00 65.83 66.34
9 0.50 10.00 4.00 45.00 62.93 61.55
10 1.50 10.00 4.00 45.00 66.29 65.62
11 0.50 50.00 4.00 45.00 44.92 45.6
12 1.50 50.00 4.00 45.00 49.15 47.38
13 0.50 10.00 10.00 45.00 80.4 81.24
14 1.50 10.00 10.00 45.00 90.97 93.53
15 0.50 50.00 10.00 45.00 65.07 64.22
16 1.50 50.00 10.00 45.00 75.13 74.23
17 0.50 30.00 7.00 25.00 65.73 65.39
18 1.50 30.00 7.00 25.00 75.99 75.78
19 1.0 10.00 7.00 25.00 83.54 79.07
20 1.0 50.00 7.00 25.00 57.43 61.35
21 1.0 30.00 4.00 25.00 59.74 64.26
22 1.0 30.00 10.00 25.00 87.28 82.21
23 1.0 30.00 7.00 5.00 81.89 79.84
24 1.0 30.00 7.00 45.00 84.17 85.67
25 1.0 30.00 7.00 25.00 77.73 77.67
26 1.0 30.00 7.00 25.00 76.58 77.67
27 1.0 30.00 7.00 25.00 78.65 77.67
28 1.0 30.00 7.00 25.00 77.55 77.67
29 1.0 30.00 7.00 25.00 76.27 77.67
30 1.0 30.00 7.00 25.00 77.61 77.67
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The other remaining terms (AB, BC, and BD) had less
significance for the response and could be neglected
to improve the model. Thus, the equation developed
is expressed as follows:

MB removal % ¼ þ 77:67þ 5:19A� 8:86Bþ 8:98C
þ 2:91Dþ 2:06AC� 1:67AD

þ 2:66CD� 7:09A2 � 7:47B2 � 4:44C2

þ 5:08D2

(5)

The goodness of fit of the model was also tested by
the multiple correlation coefficients (R2). In this case,
the value of the multiple correlation coefficients was
0.9756. This value implies that the regression is sta-
tistically significant, and only 2.44% of the total varia-
tions is unexplained by the model. This result can be
observed in Fig. 2 by comparing the actual values
against the predicted responses by the model for the
percentage of MB removal. The value of the predicted
multiple correlation coefficient (pred. R2 = 0.8778)
agrees well with the value of the adjusted multiple
correlation coefficient (adj. R2 = 0.9527).

The analysis of the residuals (difference between
the observed and the predicted response values) pro-
vides useful information about model suitability. This
analysis identifies the outliers and examines the diag-
nostic plots, such as normal probability and residual
plots. The normal probability plots show whether the
residuals follow a normal distribution, in which case

the points will follow a straight line [56]. The plot of
normal probability of the residual for MB removal is
depicted in Fig. 3. The trend reveals a reasonably
well-behaved residual of the MB dye, and the residual
is normally distributed and resembles a straight line.
Moreover, residual vs. predicted response was plotted
and is shown in Fig. 4. The plot shows the residual vs.
the ascending predicted response value, which tests
the assumption of constant variance. The points in the
plot are randomly scattered with a constant range of

Table 3
ANOVA results for response surface quadratic model for MB removal

Source Sum of squares DF Mean square F value Prob > F

Model 5,043.94 14 360.28 42.75 <0.0001
A 485.47 1 485.47 57.61 <0.0001
B 1,413.17 1 1,413.17 167.7 <0.0001
C 1,450.81 1 1,450.81 172.16 <0.0001
D 152.66 1 152.66 18.12 0.0007
A2 130.25 1 130.25 15.46 0.0013
B2 144.39 1 144.39 17.13 0.0009
C2 51.08 1 51.08 6.06 0.0264
D2 66.86 1 66.86 7.93 0.013
AB 5.22 1 5.22 0.62 0.4435
AC 67.65 1 67.65 8.03 0.0126
AD 44.82 1 44.82 5.32 0.0358
BC 1.16 1 1.16 0.14 0.7163
BD 0.034 1 0.034 4.06 × 10−3 0.95
CD 112.89 1 112.89 13.4 0.0023
Residual 126.4 15 8.43
Pure error 3.69 5 0.74
Cor total 517.35 29

Actual MB removal %

Pr
ed

ic
te

d 
M

B
 re

m
ov

al
 %

Predicted vs. Actual

41.65

54.62

67.59

80.56

93.53

44.92 56.43 67.94 79.46 90.97

Fig. 2. Comparison of the actual results of MB removal %
with the predicted values by FCCD model.
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residuals across the graph. Fig. 4 demonstrates that
the residuals in the plot fluctuate in a random pattern
around the center line.

3.4. Effect of independent variables

Perturbation plots were used to investigate the
individual effect of the four independent variables,
including adsorbent dose (factor A), initial MB concen-
tration (factor B), pH (factor C), and time of agitation

(factor D), on the MB removal. A perturbation plot
employs the model terms to show the influence of each
factor deviation from the reference point on the pro-
cess response, while holding the other factors constant.
Design-Expert software automatically sets the refer-
ence point at the midpoint (coded 0) of all the factors.
The perturbation plot can be applied to investigate the
most significant factors on the response. A steep slope
or curvature in a factor shows that the response is
sensitive to that variable. A relatively flat line indicates
response insensitivity to change in that particular
variable [57]. Perturbation plots for the MB removal
efficiency are shown in Fig. 5. A sharp curvature for all
the independent variables suggests that the response
of the MB removal efficiency was very sensitive to all
the parameters. In general, the MB removal efficiency
increased with increasing time of agitation (factor C),
adsorbent dose (factor A), and pH (factor B).
Meanwhile, the MB removal efficiency increased as the
initial MB concentration decreased.

3.5. Interaction effects on responses and process
optimization

ANOVA results for the response parameter
(Table 3) indicated that maximum MB removal (%)
can be obtained under the following interaction terms:
AC, AD, and CD. Figs. 6–8 show the 3D and contour
plots of the response at the optimal interaction terms
of AC, AD, and CD, respectively, and simultaneously

Residuals
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Fig. 3. Normal probability plots for MB removal efficiency.
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Residuals vs. Predicted

-3.00

-1.50

0.00

1.50

3.00

41.65 54.62 67.59 80.56 93.53

Fig. 4. Residual vs. predicted response values for MB
removal efficiency.

MB removal %
Factor coding: Actual l

A: Adsorbent dosage (g/L) = 1.00  

B: [MB] (mg/L) = 30.00
C: pH = 7.00

D: time (min) = 25.00

Perturbation

Deviation from Reference Point (Coded Units)
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Fig. 5. Perturbation plots for MB removal efficiency. (A)
Adsorbent dose (g/L); (B) [MB]o (mg/L); (C) pH; (D)
agitation time (min).
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keeping the other two variables constant at the central
level.

The combined effect of adsorbent dose (A) and pH
(C) on MB removal efficiency (response) was signifi-
cant (p = 0.0126, Table 3), and the MB removal effi-
ciency at 30 mg/L dye concentration and 25-min
agitation time is shown in the 3D and contour plots of
Fig. 6(a) and (b), respectively. Adsorbent dose reveals
the ability of the CL adsorbent to uptake MB mole-
cules from a given solution. Meanwhile, the initial
solution pH is responsible for the surface charge.
Hence, the interaction effect influences the model. The
MB removal efficiency increased to 83.90% with a
simultaneous increase in adsorbent dose and basic
solution pH. The optimum CL dose was approxi-
mately 1.25 g/L as the adsorption process reached

equilibrium with this dosage and remained stable
with increasing CL masses. In general, increasing the
adsorbent dose provides a greater surface area and
increases the availability of the binding sites [58]. The
low MB removal at acidic solution pH can be attribu-
ted to the availability of H3O

+ ions that compete with
the dye cations for the adsorption sites. This is also a
favorable characteristic of an adsorbent for real
wastewater decolorization from textile industry that is
alkaline in nature to avoid additional costs caused by
pH control [59]. A similar behavior was observed for
MB removal using different types of biomass
adsorbent [24,25,31,39].

The combined effect of adsorbent dose (A) and
agitation time (D) on MB removal efficiency (response)
was significant (p = 0.0358, Table 3). The MB removal
efficiency at 30 mg/L dye concentration and initial pH
7 is shown in the 3D and contour plots of Fig. 7(a)
and (b), respectively. Time of agitation offers better
contact between the dye and CL particles. The MB
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Fig. 6. 3-D response surface (a) and contour plots (b) of
the MB removal efficiency as the function of adsorbent
dose and pH ([MB]o = 30.00 mg/L and agitation
time = 25.00 min).
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Fig. 7. 3-D response surface (a) and contour plots (b) of
the MB removal efficiency as the function of adsorbent
dose and agitation time ([MB]o = 30.00 mg/L and pH 7.00).
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removal efficiency increased to 84.74% by simultane-
ously increasing agitation time and CL dose. How-
ever, no remarkable change was observed in MB
removal after reaching 1.25 g/L CL adsorbent dose
even with longer agitation times. This result may be
attributed to the aggregation of CL particles at high
doses [60], which leads to a screening effect [61]. Such
aggregation results in a decrease in the total surface
area of the adsorbent, decreasing dye removal effi-
ciency [62].

The combined effect of initial pH (C) and agitation
time (D) on MB removal efficiency (response) was sig-
nificant (p = 0.0023, Table 3), and the MB removal effi-
ciency at 30 mg/L dye concentration and 1.0 g/L CL
dose is shown in the 3D and contour plots of Fig. 8.

MB removal efficiency rapidly increased to 89.03%
with a simultaneous increase in agitation time and ini-
tial pH. Longer agitation times allow the MB mole-
cules more chances to penetrate into the interior
surface of CL adsorbent pore after the adsorption sites
available on the exterior surface of the CL particles
are occupied during the first period of agitation time.

3.6. Confirmation experiment

We confirmed the optimized data given using
numerical modeling under optimized conditions. The
optimum predicted conditions identified were adsor-
bent dosage of 1.26 g/L, initial MB concentration of
19.01 mg/L, pH of 8.65, and contact time of 5.00 min.
The MB removal efficiency (response) of the experi-
mental optimal conditions was 86.38%, whereas that
of the predicted response was 87.09% under the same
conditions. This observation indicates that the devia-
tion of predicted % removal and actual % removal
was less. Given these optimal results, pH of 8.65 and
CL powder dosage of 1.26 g/L were chosen for all the
following studies.

3.7. Effect of initial MB dye concentration

The equilibrium contact time is crucial for deter-
mining the adsorption capacity of the adsorbents. The
adsorbed amount of MB at time t, qt (mg/g), was
calculated as follows:

qt ¼ ðC0 � CtÞV
W

(6)
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Fig. 8. 3-D response surface (a) and contour plots (b) of
the MB removal efficiency as the function of pH and
agitation time (adsorbent dose = 1.00 g/L and [MB]o =
30.00 mg/L and pH 7.00).

Fig. 9. Effect of initial dye concentration and contact
time on the adsorption capacity of MB onto CL surface
[CL dose = 0.252 g, V: 200 mL; pH 8.65; and T: 27 ± 2˚C].
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where Ct (mg/L) is the liquid-phase concentration of
MB solution at time t (min). Fig. 9 shows the effect of
contact time on the adsorption capacity of CLs for MB
at different initial MB concentrations. The adsorption
capacities of the MB dye on CLs increased with
increasing initial concentrations and time. At very low
initial MB concentrations, the adsorbent rapidly
reached equilibrium. However, when the concentra-
tion increased from 150 to 250 mg/L, the adsorptive
uptake of the MB dye also increased and took longer
to reach equilibrium. A high uptake at higher initial
concentrations may occur because of the formation of
driving force by the mass gradient between solutions
and the adsorbent that leads to high amounts of MB
molecules being transferred to the CL surface. A simi-
lar result was described by Kong et al. [39] for the
uptake of MB on the surface of Platanus leaves.

3.8. Adsorption isotherm studies

Adsorption isotherm reveals the relationship
between the mass of adsorbate adsorbed per unit
weight of adsorbent in equilibrium and liquid-phase
equilibrium concentration of the adsorbate [63]. To
quantify the adsorption capacity of CLs for the
removal of the MB dye from aqueous solutions, we
tested the Langmuir, Freundlich, and Temkin isotherm
models.

3.8.1. Langmuir model

The Langmuir model assumes that adsorptions
occur at specific homogeneous sites on the adsorbent.
This model is successfully used in numerous mono-
layer adsorption processes [64]. The data of the equi-
librium studies for the adsorption of the MB dye onto
CLs may follow the Langmuir model as follows:

Ce

qe
¼ 1

qmKL
þ 1

qm
Ce (7)

where Ce is the equilibrium concentration (mg/L) and
qe is the amount adsorbed per specified amount of
adsorbent (mg/g), KL is the Langmuir equilibrium
constant, and qm is the amount of adsorbate required
to form a monolayer. Hence, a plot of Ce/qe vs. Ce

should be a straight line with a slope (1/qm) and an
intercept (1/qmKL) (Fig. 10). The Langmuir-type
adsorption isotherm indicates the surface homogeneity
of the adsorbent. The adsorbent surface is made up of
small adsorption patches, which are energetically
equivalent to each other in terms of adsorption

phenomenon. The correlation coefficient (R2) value of
0.9963 revealed that the adsorption data of the MB
dye onto CLs fitted well with the Langmuir isotherm.
The values of constants KL and b were calculated and
the results are shown in Table 4.

The essential characteristics of the Langmuir
isotherm can be expressed in terms of separation factor
RL, a dimensionless constant [65], which is given by:

RL ¼ 1

ð1þ KLC0Þ (8)

An adsorption system is considered favorable
when 0 < RL < 1, unfavorable when RL > 1, linear
when RL = 1, or irreversible when RL = 0. In this
study, the values of RL obtained were between 0 and
1. Therefore, the adsorption process is favorable. The
calculated RL values at different initial MB

Fig. 10. Langmuir isotherm plots for MB dye adsorption
onto CL.

Table 4
Isotherm parameters for MB adsorption on CL at 27 ± 2˚C

Isotherm Parameter Value

Langmuir qm (mg/g) 112.35
KL (L/mg) 0.0792
R2 0.9963

Freundlich KF ((mg/g) (L/mg)1/n) 14.42
n 2.18
R2 0.9749

Temkin KT (L/mg) 1.0301
B 21.613
R2 0.9879
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concentrations are shown in Fig. 11. The RL value,
which was within the range of 0–1 at all initial dye
concentrations, confirms the favorable uptake of MB
over the entire range of concentration levels.

3.8.2. Freundlich model

The Freundlich model can be applied for non-ideal
adsorption on heterogeneous surfaces and multilayer
adsorption [66]. This model is presented as follows:

qe ¼ ðKFÞ C
1
n
e

� �
(9)

ln qe ¼ lnKF þ 1

n
lnCe (10)

where KF is the Freundlich equilibrium constant, n is
an empirical constant, and the rest of the terms have
the usual significance. Thus, a plot of ln qe vs. ln Ce

should be a straight line with a slope 1/n and an
intercept of ln KF (Fig. 12). The related parameters
were calculated, and the results are shown in Table 4.

3.8.3. Temkin model

Temkin and Pyzhev [67] considered the effects of
indirect adsorbate/adsorbate interactions on adsorp-
tion isotherms. The Temkin isotherm was used in the
following form:

qe ¼ RT

b

� �
lnðKTCeÞ (11)

This equation can be expressed in its linear form
as follows:

qe ¼ B lnKT þ B lnCe (12)

where B = (RT/b), a plot of qe vs. ln Ce yielded a linear
line (Fig. 13), enables to determine the isotherm con-
stants KT and B. KT is the Temkin equilibrium binding
constant (L/mg) that corresponds to the maximum
binding energy, and constant B is related to adsorp-
tion heat. The adsorption heat of all the molecules in
the layer is expected to decrease linearly with cover-
age because of adsorbate/adsorbate interactions. The
constants KT and B as well as the R2 values are shown
in Table 4. The Langmuir model fitted the data better
than the Freundlich and Temkin models (Table 4).

Fig. 11. Values of the separation factor, RL, for the
adsorption of the MB dye onto CL at different initial MB
concentrations.

Fig. 12. Freundlich isotherm plots for MB dye adsorption
onto CL.

Fig. 13. Temkin isotherm plots for MB dye adsorption onto
CL.
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This result is also confirmed by the high R2 value for
the Langmuir model (0.9963) compared with the Tem-
kin (0.9879) and Freundlich (0.9749) models. Therefore,
the adsorption of MB on CLs occurs as monolayer
adsorption on a surface that is homogenous in adsorp-
tion affinity. The computed maximum monolayer
adsorption capacity (qm) of CLs for MB was
112.35 mg/g (Table 4). The maximum sorption capac-
ity (qm) of the CL adsorbent for MB was compared
with those reported in the literature for different
adsorbents/MB adsorption systems (Table 5).

3.9. Kinetic studies

The pseudo-first-order model and pseudo-second-
order model were used to investigate the adsorption
kinetics of the MB dye on CLs. The conformity
between experimental data and the model predicted
values was expressed by correlation coefficient (R2).

3.9.1. Pseudo-first-order model

The pseudo-first order rate model of Lagergren
[71] is based on solid capacity and generally expressed
as follows:

lnðqe � qÞ ¼ lnðqeÞ � ðk1Þt (13)

where qe is the amount of solute adsorbed at equilib-
rium per unit weight of adsorbent (mg/g), q is the
amount of solute adsorbed at any time (mg/g), and k1
is the adsorption constant. This expression is the most
popular form of the pseudo-first-order kinetic model.
k1 values at different initial MB concentrations were
calculated from the plots of ln(qe − q) vs. t. Constant k1
and correlation coefficients (R2) were calculated and
summarized (Table 6). The correlation coefficient (R2)
values obtained were relatively low; hence, this model
has very poor correlation coefficients (R2) for the best
fit data.

3.9.2. Pseudo-second-order model

The kinetic data were analyzed using the pseudo-
second-order model [72], which can be expressed as
follows:

t

q
¼ 1

k2q2e

� �
þ 1

qe

� �
t (14)

The plot of t/q vs. t should give a linear
relationship, from which qe and k2 can be determined
from the slope and intercept of the plot. The k2 and
qe determined from the model along with the

Table 5
Comparison of the adsorption capacity for MB by various
adsorbents reported in the literature

Adsorbent qm (mg/g) Ref.

Pineapple stem 119.05 [24]
Guava leaf 295.00 [27]
Broad bean peels 192.70 [30]
Coconut bunch waste 70.92 [34]
Platanus leaf 145.62 [39]
Untreated lignite 41.94 [40]
Cogongrass 27.40 [68]
Orange peel 18.60 [69]
Wheat shells 16.56 [70]
Coconut leaf 112.35 This work

Table 6
Pseudo-first-order and pseudo-second-order kinetic parameters values at different initial concentrations with R2 and for
MB adsorption on CL

Parameters

Co (mg/L)

30 50 100 150 200 250

qe, exp. (mg/g) 15.88 26.19 45.26 57.97 88.67 98.76

Pseudo-first-order
qe cal.(mg/g) 6.18 7.26 4.98 7.48 29.85 24.88
k1 (1/m) 0.1125 0.0558 0.0457 0.0818 0.0544 0.0506
R2 0.8993 0.8207 0.7278 0.7991 0.9676 0.8623

Pseudo-second-order
qe cal. (mg/g) 16.0771 26.5251 45.662 58.82 90.09 99.00
k2 (g/mg min) 0.0655 0.0292 0.0242 0.0196 0.0059 0.0074
R2 0.9998 0.9999 0.9996 0.9998 0.9998 0.9995
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corresponding correlation coefficient (R2) values are
presented in Table 6. The values of the calculated and
experimental qe are also presented in Table 6. Based
on the given data, the adsorption of the MB dye per-
fectly followed the pseudo-second-order kinetic
model.

4. Conclusion

In this work, the feasibility of MB adsorption
onto fallen CLs as agricultural wastes that are lar-
gely available in Malaysia was investigated. RSM
and FCCD were suitable in determining the optimal
conditions for adsorption, including adsorbent dose,
initial MB concentration, pH, and agitation time.
Results indicated that fallen CLs can be used to
remove lead basic dye (MB) from aqueous solution.
The amount of MB dye uptake (mg/g) increased
with increasing contact time, pH, and initial dye
concentration. The equilibrium data fit very well
with the Langmuir isotherm equation, confirming
the monolayer adsorption capacity of the MB dye
onto CLs with a monolayer adsorption capacity of
112.35 mg/g at 27 ± 2˚C. The rate of adsorption fol-
lowed a pseudo-second-order kinetics with a good
correlation. These results demonstrate that fallen CLs
are economically feasible for the removal of basic
dye from aqueous solutions.
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Rodrigo, Coagulation and electrocoagulation of wastes
polluted with dyes, Environ. Sci. Technol. 40 (2006)
6418–6424.

[12] A.H. Jawad, A.F.M. Alkarkhi, N.S.A. Mubarak, Photo-
catalytic decolorization of methylene blue by an
immobilized TiO2 film under visible light irradiation:
Optimization using response surface methodology
(RSM), Desalin. Water Treat. (2014) 1–12, doi: 10.1080/
19443994.2014.934736.

[13] Y.S. Woo, M. Rafatullah, A.F.M. Al-Karkhi, T.T. Tow,
Removal of Terasil Red R dye by using Fenton oxida-
tion: A statistical analysis, Desalin. Water Treat. 53
(2013) 1–9.

[14] A.R. Khataee, M. Safarpour, A. Naseri, M. Zarei,
Photoelectro-Fenton/nanophotocatalysis decoloriza-
tion of three textile dyes mixture: Response surface
modeling and multivariate calibration procedure for
simultaneous determination, J. Electroanal. Chem. 672
(2012) 53–62.

[15] J.S. Wu, C.H. Liu, K.H. Chu, S.Y. Suen, Removal of
cationic dye methyl violet 2B from water by cation
exchange membranes, J. Membr. Sci. 309 (2008)
239–245.

[16] L. Fan, Y. Zhou, W. Yang, G. Chen, F. Yang, Electro-
chemical degradation of aqueous solution of Amar-
anth azo dye on ACF under potentiostatic model,
Dyes Pigm. 76 (2008) 440–446.

[17] M. Rafatullah, O. Sulaiman, R. Hashim, A. Ahmad,
Adsorption of methylene blue on low-cost adsorbents:
A review, J. Hazard. Mater. 177 (2010) 70–80.

[18] H. Daraei, A. Mittal, J. Mittal, H. Kamali, Optimiza-
tion of Cr(VI) removal onto biosorbent eggshell

A.H. Jawad et al. / Desalination and Water Treatment 57 (2016) 8839–8853 8851

http://dx.doi.org/10.1080/19443994.2014.934736
http://dx.doi.org/10.1080/19443994.2014.934736


membrane: Experimental & theoretical approaches,
Desalin. Water Treat. 52 (2014) 1307–1315.

[19] H. Daraei, A. Mittal, M. Noorisepehr, J. Mittal, Separa-
tion of chromium from water samples using eggshell
powder as a low-cost sorbent: Kinetic and thermody-
namic studies, Desalin. Water Treat. 53 (2015)
214–220.

[20] H. Daraei, A. Mittal, M. Noorisepehr, F. Daraei,
Kinetic and equilibrium studies of adsorptive removal
of phenol onto eggshell waste, Environ. Sci. Pollut.
Res. 20 (2013) 4603–4611.

[21] A. Mittal, V. Thakur, J. Mittal, H. Vardhan, Process
development for the removal of hazardous anionic
azo dye Congo red from wastewater by using hen
feather as potential adsorbent, Desalin. Water Treat.
52 (2014) 227–237.

[22] J. Mittal, V. Thakur, A. Mittal, Batch removal of
hazardous azo dye Bismark Brown R using waste
material hen feather, Ecol. Eng. 60 (2013) 249–253.

[23] A. Mittal, J. Mittal, L. Kurup, A.K. Singh, Process
development for the removal and recovery of haz-
ardous dye erythrosine from wastewater by waste
materials-bottom ash and de-oiled soya as adsorbents,
J. Hazard. Mater. 138 (2006) 95–105.

[24] B.H. Hameed, R.R. Krishni, S.A. Sata, A novel agricul-
tural waste adsorbent for the removal of cationic dye
from aqueous solutions, J. Hazard. Mater. 162 (2009)
305–311.

[25] B.H. Hameed, M.I. El-Khaiary, Batch removal of
malachite green from aqueous solutions by adsorption
on oil palm trunk fibre: Equilibrium isotherms and
kinetic studies, J. Hazard. Mater. 154 (2008) 237–244.

[26] B.H. Hameed, H. Hakimi, Utilization of durian (Durio
zibethinus Murray) peel as low cost sorbent for the
removal of acid dye from aqueous solutions, Biochem.
Eng. J. 39 (2008) 338–343.

[27] V. Ponnusami, S. Vikram, S.N. Srivastava, Guava
(Psidium guajava) leaf powder: Novel adsorbent for
removal of methylene blue from aqueous solutions, J.
Hazard. Mater. 152 (2008) 276–286.

[28] F.D. Ardejani, K. Badii, N.Y. Limaee, S.Z. Shafaei,
A.R. Mirhabibi, Adsorption of direct red 80 dye from
aqueous solution onto almond shells: Effect of pH, ini-
tial concentration and shell type, J. Hazard. Mater. 151
(2008) 730–737.

[29] B.H. Hameed, D.K. Mahmoud, A.L. Ahmad, Sorption
of basic dye from aqueous solution by pomelo (Citrus
grandis) peel in a batch system, Colloids Surf., A 316
(2008) 78–84.

[30] B.H. Hameed, M.I. El-Khaiary, Sorption kinetics and
isotherm studies of a cationic dye using agricultural
waste: Broad bean peels, J. Hazard. Mater. 154 (2008)
639–648.

[31] B.H. Hameed, Removal of cationic dye from aqueous
solution using jackfruit peel as non-conventional low-
cost adsorbent, J. Hazard. Mater. 162 (2009) 344–350.

[32] R. Han, D. Ding, Y. Xu, W. Zou, Y. Wang, Y. Li, L.
Zou, Use of rice husk for the adsorption of congo red
from aqueous solution in column mode, Bioresour.
Technol. 99 (2008) 2938–2946.

[33] A.E. Ofomaja, Y.S. Ho, Equilibrium sorption of anionic
dye from aqueous solution by palm kernel fibre as
sorbent, Dyes Pigm. 74 (2007) 60–66.

[34] B.H. Hameed, D.K. Mahmoud, A.L. Ahmad, Equilib-
rium modeling and kinetic studies on the adsorption
of basic dye by a low-cost adsorbent: Coconut (Cocos
nucifera) bunch waste, J. Hazard. Mater. 158 (2008)
65–72.

[35] B.H. Hameed, Grass waste: A novel sorbent for the
removal of basic dye from aqueous solution, J.
Hazard. Mater. 166 (2009) 233–238.

[36] L.W. Low, T.T. Teng, A.F.M. Alkarkhi, A. Ahmad, N.
Morad, Optimization of the adsorption conditions for
the decolorization and COD reduction of methylene
blue aqueous solution using low-cost adsorbent,
Water Air Soil Pollut. 214 (2011) 185–195.

[37] R.R. Krishni, K.Y. Foo, B.H. Hameed, Adsorptive
removal of methylene blue using the natural adsorbent-
banana leaves, Desalin. Water Treat. 53 (2013) 1–9.

[38] R.R. Krishni, K.Y. Foo, B.H. Hameed, Adsorption of
cationic dye using a low-cost biowaste adsorbent:
Equilibrium, kinetic, and thermodynamic study,
Desalin. Water Treat. 53 (2013) 1–8.

[39] L. Kong, L. Gong, J. Wang, Removal of methylene
blue from wastewater using fallen leaves as an adsor-
bent, Desalin. Water Treat. 53 (2015) 2489–2500.
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