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ABSTRACT

The adsorption capacity of methylene blue (MB) on raw or chemically modified litchi peri-
carp (LP or MLP, respectively) was investigated as a function of contact time, pH, and
adsorbent dose. The adsorption isotherms, kinetics, and thermodynamic characteristics were
also studied using batch assays. The optimum MB adsorption efficiency on LP and MLP
occurred at a contact time of 180min, pH of 6.0–9.0, and adsorbent dosage of 2 g/L. Lang-
muir, Freundlich and Dubinin–Radushkevich isotherms and a pseudo second-order kinetic
model satisfactorily fit the equilibrium adsorption with high correlation coefficients (R2 >
0.97). Based on the Langmuir model, the maximum adsorption capacities of MB on LP and
MLP were 100 and 139mg/g, respectively. The results of thermodynamics studies indicated
that MB adsorption on both LP and MLP was a spontaneous and exothermic process. The
physical characteristics of LP and MLP were also studied using FTIR.
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1. Introduction

Dye-containing wastewater is discharged from
many industries, such as those that manufacture tex-
tiles, foods, paper, plastics, and leather. The dye efflu-
ents contain complex compounds and toxic synthetic
substances. Even very small amounts of dyes can be
harmful to aquatic life in downstream environments
[1–3]. Methylene blue (MB), one of the most widely
applied dyes, is commonly used to color paper and
dye cotton, wood, and silk [4]. Although MB is not a
very strongly hazardous substance, its harmful effects
include increased heart rate, vomiting, shock, Heinz
body formation, cyanosis, jaundice, quadriplegia, and
tissue necrosis in humans suffering from acute

exposure [5,6]. Therefore, wastewater containing MB
must be properly treated before discharging into the
environment.

Several conventional methods have been applied
to remove dyes from wastewater, such as coagulation,
chemical oxidation, membrane separation, electro-
chemical processing, and aerobic and anaerobic micro-
bial degradation. However, these methods are not
widely used because of inherent limitations [7]. The
adsorption technique can effectively remove dyes from
wastewater [8–10]. Currently, activated carbon is typi-
cally used as an absorbent to remove a wide variety
of dyes because of its large surface area and high
sorption capacity [11,12]. However, the relatively high
cost of activated carbon combined with the need for a
regeneration system inevitably restricts its widespread
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application [13]. Thus, it is necessary to identify alter-
native methods and low-cost adsorbents for removing
dyes from solution. Recently, some nonconventional
adsorbents based on agricultural wastes have been
studied, such as peanut hulls [14], sugarcane bagasse
[15], lemon peel [16], pomelo peel [17], jackfruit peel
[18], papaya seeds [19], tea waste [20], walnut shells
[21], cashew nut shells [22], pine cones [23], and
banana peel [24].

Litchi (Litchi chinensis Sonn.), a subtropical fruit, is
one of the most popular fruits in Southeast Asia, espe-
cially in China. The annual litchi production in China
is approximately 1.5 million tons [25]. Litchi pericarp
(LP) accounts for more than 15% of the fresh weight
of litchi, thereby resulting in notable processing waste
volumes [26]. Moreover, LP contains significant
amounts of chemical components such as esters, fatty
acids, heterocyclic compounds, cyclic ethers, cyclic ole-
fins, and polysaccharides [27]. The abundant carboxyl,
hydroxyl, and amide groups in these constituents
could play critical roles in adsorption processes, sug-
gesting that LP may also be suitable as a prospective
adsorbent. Therefore, the recycling of LP can not only
reduce disposable solid wastes, but also provide a
new low-cost adsorbent for removing dyes from solu-
tion. However, to the best of our knowledge, the
adsorption of dyes by LP has, so far, not been
reported.

The main purpose of this study was to investigate
the feasibility of LP as a new adsorbent for removing
MB from aqueous solutions. Raw and chemically
modified litchi pericarps (MLPs) were employed as
adsorbents in this study. The optimal adsorption con-
ditions were determined in terms of contact time, pH
value, and sorbent dose by batch assays. The adsorp-
tion equilibrium isotherms, adsorption kinetics, and
thermodynamics of MB adsorption onto LPs were also
investigated. The adsorption mechanism was investi-
gated using FTIR.

2. Methods and materials

2.1. Adsorbent preparation

Litchis (L. chinensis Sonn.) were purchased from a
local market in Tai’an City, Shandong, People’s Repub-
lic of China. Pericarps were gently separated from the
fruit, washed with tap water, and then rinsed thrice
with deionized water. Subsequently, they were cut into
small pieces and dried at 70˚C in a convection oven
until a constant weight was achieved. The dry LPs
were ground and sieved to obtain 60 mesh particles.

To chemically modify the substrate, dried LPs (5.0 g)
were mixed with 0.1M NaOH (50mL) for 24 h [28].

After decanting and filtering three times, the MLPs
were rinsed several times with deionized water. The
products were then ground and sieved to separate 60
mesh particles for experimental use.

2.2. Adsorbate preparation

MB was purchased in Tianjin, People’s Republic of
China. The MB (C.I. Basic Blue 9, Da Mao Chemical
Reagent Factory) used in this study had a molecular
weight of 373.90 g/mol and the molecular formula,
C16H18ClN3S·3H2O. The maximum absorption wave-
length was 668 nm. A stock MB solution with a con-
centration of 0.5 g/L was prepared using powdered
MB and water.

2.3. Operating parameters

Batch experiments were carried out using a series
of polyethylene centrifuge tubes (100mL) covered with
Teflon sheets. The effects of contact time, pH, and
adsorbent dose were studied initially at an MB concen-
tration of 50mg/L. One parameter was progressively
changed while keeping the other two parameters con-
stant. The experiments were carried out in triplicate
and the negative controls (with no sorbent), and were
simultaneously carried out to ensure that adsorption
was by LP and MLP biomass, and not by the container.
The initial and equilibrium dye concentrations were
determined by absorbance measurements using a dou-
ble beam UV–vis spectrophotometer (Model UV-2450,
Shimadzu Corp., People’s Republic of China) at a
detection wavelength of 668 nm.

The MB adsorption efficiency, A%, was calculated
from Eq. (1):

A% ¼ C0 � Ceð Þ=C0 � 100 (1)

where C0 and Ce are the initial and equilibrium MB
concentrations (mg/L), respectively.

2.4. Adsorption isotherm measurements

Solutions with MB concentrations of 50, 100, 150,
200, and 250mg/L were prepared by serially diluting
the MB stock solution. For the absorption experiments,
prepared LP or MLP powder (60 mesh, 0.1 g) was
added to the serially diluted MB solutions (50mL)
without changing the pH, and each mixture was agi-
tated in a shaking water bath for 3 h at 25˚C. Subse-
quently, the reaction mixture was centrifuged, and the
absorbance of the residual dye in the supernatant was
measured at 668 nm. Langmuir [29], Freundlich [30],
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and Dubinin–Radushkevich (D-R) [31] isotherms were
plotted using standard linear equations, and the two
corresponding parameters were calculated from the
respective graphs.

2.5. Kinetics studies

For the kinetics studies, a batch technique was
used because of its simplicity. A series of polyethylene
centrifuge tubes (100mL) containing 50mLMB solu-
tion (50mg/L) was kept in a thermostatically con-
trolled shaking water bath (25˚C). As described above,
the prepared LP or MLP powder (60 mesh, 0.1 g) was
added to each tube, and the tubes were mechanically
agitated at 220 rpm. At 3 h intervals, a mixture was
centrifuged, and the absorbance of the supernatant
was measured at 668 nm. Pseudo-first-order [32],
Pseudo-second-order [33] and Weber–Morris [34]
models were employed to discuss the rate and kinetics
of the adsorption of MB on the prepared adsorbents.

2.6. Thermodynamics studies

For the thermodynamics studies, a series of poly-
ethylene centrifuge tubes (100mL) containing 50mL
MB solution (50mg/L) was kept in a thermostatically
controlled shaking water bath. The temperatures were
set at 25, 35, 45, and 55˚C. At given time intervals, the
solutions were centrifuged and the absorbance of the
supernatant was measured at 668 nm. The standard
free energy (ΔG˚), enthalpy change (ΔH˚), and entropy
change (ΔS˚) were calculated to assess the feasibility
of the adsorption process.

2.7. Adsorption/desorption of MLP

Batch process was used for desorption studies in
which a known amount of adsorbent and 50mL of
MB solution (100mg/L) are present. After adsorption,
the solution was filtered and the adsorbent was
washed several times with distilled water to remove
any excess of MB solution. It was then treated with
50mL of 0.05M HCl. The amount of MB desorbed
was then determined as usual.

3. Results and discussion

3.1. Effect of contact time

The effect of the contact time with LP and MLP on
the MB adsorption was investigated to determine the
time required to reach equilibrium for the maximum
adsorption. As can be observed from Fig. 1, treatment

of MB by LP led to rapid adsorption during the initial
30 min, followed by a period of slower adsorption,
and finally, saturation at 120min. This progression
resulted in the initial vacancy of the sorbent sites dur-
ing the first rapid adsorption phase, and the decrease
in the number of active sites as the contact time
increased, which slowed the adsorption process [17].
In contrast to LP, the MB adsorption efficiency on
MLP reached ~100% within 30min, indicating that
MB adsorption on MLP would reach equilibrium
much faster than on LP. Moreover, it was clear that
the final adsorption efficiency of MB was also much
higher for MLP than for LP.

As is well known, the time required to reach equi-
librium will increase with an increased initial concen-
tration of the adsorbate. Therefore, we also
investigated the adsorption by LP and MLP of MB at
a concentration of 250mg/L; the time to equilibrium
was determined to be 180min by batch experiments.
Kinetics data for the adsorption of MB by various
adsorbents have revealed widely different adsorption
rates. For example, the equilibrium times reported for
the adsorption of 50mg/L MB were 30 and 207min
on papaya seeds [19] and pomelo (Citrus grandis) peel
[17], respectively.

3.2. Effect of pH

The pH of the solution controls the magnitude of
electrostatic charges that bind the ionized dye mole-
cules [35]. In this study, the effect of the initial pH of
the solution was determined by agitating LP or MLP
powder (0.1 g) in MB solution (50mL, 50mg/L) while
varying the solution pH from 2.0 to 10.0. Fig. 2 clearly
shows that the adsorption of MB on both LP and MLP
was at a minimum at pH 2.0, and an increase in MB
adsorption efficiency was exhibited upon a solution
pH increase to 6.0. However, no significant changes in
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Fig. 1. Effect of contact time on the adsorption of MB by
LP and MLP (MB concentration: 50mg/L; adsorbent con-
centration: 2 g/L; agitation speed: 220 rpm; temperature:
25˚C).
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the adsorption efficiency could be identified within
the pH range 6.0–10.0. Similar results were reported
for the adsorption of MB on banana peel [24] and
papaya seeds [19]. The observed influence of pH may
be attributed to the fact that, at lower pH values, the
surface charge becomes positive, and the higher H+

concentration strongly competes with the dye cations
for the active sites on the LP and MLP surfaces, and
results in a reduction in MB binding on the adsorbent
surface. Increasing the pH results in a higher number
of functional groups available for the binding of MB
because of the decreased H+ concentration, and conse-
quently, the MB adsorption is enhanced. This demon-
strates that electrostatic attraction may be considered
as one of the important mechanisms responsible for
the adsorption of MB on LP and MLP [20]. Addition-
ally, the maximum MB adsorption efficiencies on LP
and MLP were 98.17 and 99.72%, respectively, sug-
gesting the higher adsorption capacity of MLP com-
pared to raw LP.

3.3. Effect of adsorbent dose

The effect of adsorbent dose on the adsorption of
MB was carried out at LP or MLP loadings of 0.5, 1.0,
1.5, 2.0, 3.0, 4.0, and 5.0 g/L, keeping the initial MB
concentration at 50mg/L, and the temperature at
25˚C. Fig. 3 shows the effects of adsorbent dose on the
MB adsorption efficiency. The minimum MB adsorp-
tion efficiencies of 65.19 and 91.47% were observed at
doses of 0.5 g/L for LP and MLP, and were followed
by noticeable increases in the MB adsorption upon
increasing the dose from 0.5 to 2.0 g/L and 1.0 g/L,
respectively. However, no noticeable increases in the
MB adsorption could be detected with further
increases in the LP and MLP doses. Similar results
were also found for the adsorption of MB with walnut
shells [21] and papaya seeds [19]. This effect may be

attributed to the fact that, at a lower adsorbent dosage,
an increase in the available surface area and the num-
ber of adsorption sites upon additional dosing results
in higher MB adsorption efficiency. However, at
higher adsorbent doses, clustering and/or aggregation
of adsorbents may occur, resulting in a decrease in the
total surface area and the number of binding sites of
the adsorbent [21]. Thus, an optimum adsorbent dose
of 2 g/L was required for MB removal from solution.

3.4. Isotherm analysis

Adsorption isotherms are important for describing
the interaction of the adsorbate with the adsorbent,
and they also enable assessment of the adsorption
capacity of the adsorbent [35]. In this study, the equi-
librium data for LP and MLP were modeled with
Langmuir, Freundlich, and D-R isotherm models.

The Langmuir adsorption model is based on the
assumption that the 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 linear equation
(Eq. (2)):

Ce

qe
¼ 1

qmaxK
þ Ce

qmax
(2)

where qe is the amount of adsorbed MB (mg/g), Ce is
the concentration at equilibrium (mg/L), qmax is the
monolayer capacity of the adsorbent (mg/g), and K is
the adsorption constant (L/mg). According to Eq. (2),
a plot of Ce/qe vs. Ce yields a straight line with a slope
of 1/qmax and an intercept of 1/qmaxK.

The Freundlich equation can be expressed as
follows (Eq. (3)):

log qe ¼ logKF þ 1

n
logCe (3)
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Fig. 2. Effect of pH on the adsorption of MB by LP and
MLP (MB concentration: 50mg/L; adsorbent concentra-
tion: 2 g/L; agitation speed: 220 rpm; contact time: 180min;
temperature: 25˚C).
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Fig. 3. Effect of adsorbent dose on the adsorption of MB
by LP and MLP (MB concentration: 50mg/L; agitation
speed: 220 rpm; contact time: 180min; temperature: 25˚C).
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where KF and 1/n are Freundlich isotherm constants.
According to Eq. (3), the values of KF and n are calcu-
lated from the intercept (log KF) and slope (1/n) of the
plot of log qe vs. log Ce.

The D-R equation can be expressed (Eq. (4)):

lnCads ¼ lnXm � be2 (4)

where Cads is the number of metal ions adsorbed per
unit weight of adsorbent (mol/g), Xm is the maximum
adsorption capacity (mol/g), β is the activity coeffi-
cient related to the mean adsorption energy, and ε is
the Polanyi potential. The Polanyi potential is given
by (Eq. (5)):

e ¼ RT ln 1þ 1=Ceð Þ (5)

where R is the gas constant (8.314 J/(mol K)), and T is
the temperature (K). The saturation limit Xm may rep-
resent the total specific micropore volume of the
adsorbent. The slope of the plot of ln Cads (mol/g) vs.
ε2 gives β (mol2/J2), and the intercept represents the
adsorption capacity, Xm (mol/g). The adsorption space
in the vicinity of a solid surface is characterized by a
series of equi-potential surfaces which possess an
equal adsorption potential. This adsorption potential
is independent of temperature, but varies from the
nature of adsorbent and adsorbate. The adsorption
energy can be determined from (Eq. (6)):

E ¼ 1=
ffiffiffiffiffiffiffiffiffi
�2b

p
(6)

The corresponding isotherm parameters obtained from
this study are listed in Table 1. It is evident from the
table that the relatively high correlation coefficients R2,
0.9975, 0.9794 and 0.9871, and 0.9731, and 0.9823 and
0.9874, for the Langmuir, Freundlich, and D-R iso-
therms of LP and MLP, respectively, suggested that
three models could be used to satisfactorily explain the
equilibrium adsorption of MB by LP and MLP. Based
on the values of the correlation coefficients, it can be

concluded that the adsorption process of MB on LP
better fits the Langmuir model, while MB adsorption on
MLP better follows the isotherm of the D-R model.
Additionally, the maximum adsorption capacities
obtained from the Langmuir model were 100 and
138.89mg/g for LP and MLP, respectively, indicating
the higher adsorption capacity of MLP compared to LP.

The values of 1/n in the Freundlich isotherm can
give an indication of the favorability of adsorption [19].
The results in Table 1 show that the value of 1/n
obtained in the present assay, varying between 0 and 1,
indicates favorable adsorption of MB onto LP and MLP.
Moreover, the magnitude of the Freundlich constant KF

indicates an easy uptake of MB from aqueous solution.
The E value calculated was 14.624 and 13.531 kJ/mol
(16.0 > E > 8.0) for LP and MLP, which was consistent
with an ion exchange adsorption mechanism [31].
Additionally, the maximum sorption capacity of MB
has been reported to be 53.1 mg/g for perlite [36], 5.57
mg/g for fly ash [5], 68.03mg/g for peanut hulls [37],
and 85.16mg/g for tea waste [20]. When compared to
these reported adsorbents, the much higher maximum
sorption capacity of MB on MLP obtained in this study
suggests the higher potential of MLP as a new
adsorbent for removing dyes from solutions.

3.5. Adsorption kinetics

Pseudo-first-order, pseudo-second-order and
Weber–Morris kinetic models were employed to deter-
mine the MB adsorption kinetics by LP and MLP. Lag-
ergren proposed a method for adsorption analysis
using a pseudo-first-order kinetics equation in the
form of Eq. (7):

dqt
dt

¼ k1ðqe � qtÞ (7)

where qe (mg/g) is the adsorption capacity at equilib-
rium, qt (mg/g) is the adsorption capacity at time t,
and k1 is the pseudo-first-order rate constant. At the
initial condition qt = 0 at t = 0, Eq. (7) can be expressed
as (Eq. (8)):

Table 1
Isotherm parameters for the adsorption of MB by LP and MLP

Adsorbents

Langmuir Freundlich D-R

qmax (mg/g) K (L/mg) R2 KF n R2 E (kJ/mol) R2

LP 100 0.244 0.9975 29.08 0.3096 0.9731 14.624 0.9871
MLP 138.89 1.180 0.9794 65.01 0.4405 0.9823 13.531 0.9887
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log ðqe � qtÞ ¼ log qe � k1
2:303

t (8)

According to Eq. (8), the values of k1 and qe can be
obtained from a linear plot of log (qe − qt) against
time t.

The pseudo-second-order kinetic equation based
on the equilibrium adsorption can be described as fol-
lows (Eq. (9)):

t

qt
¼ 1

k2q2e
þ 1

qe
t (9)

where k2 (g/(mgmin)) is the pseudo-second-order rate
constant, qe (mg/g) is the adsorption capacity at equi-
librium, and qt (mg/g) is the adsorption capacity at
time t. The equilibrium adsorption capacity qe, and the
pseudo-second-order rate constant, k2, can be calcu-
lated from the slope (1/qe) and the intercept (1/(k2qe

2))
of the plot of t/qt against time t.

The Weber–Morris can be expressed as follows
(Eq. (10)):

qt ¼ kidt
1=2 (10)

where kid is the intra-particle diffusion rate constant.
Table 2 shows the adsorption rate constants for

MB adsorption on LP and MLP determined by
pseudo-first-order and pseudo-second-order models.
As observed from Table 2, the correlation coefficients
(R2) for the pseudo-first-order model were very low,
and the theoretical qe(cal.) values obtained by the
pseudo-first-order model were distant to the experi-
mental qe(exp.) values, suggesting that the adsorption of
MB on LP and MLP was not likely to follow such a
model. However, the correlation coefficients were very
high (R2 = 1) for the pseudo-second-order model for
both LP and MLP. Moreover, the theoretical qe(cal.) val-
ues obtained by the pseudo-second-order model were
much closer to the experimental qe(exp.) values than
those obtained by the pseudo-first-order model. There-
fore, it can be concluded that the pseudo-second-order
model provides a better estimation for MB adsorption

on LP and MLP. Similar kinetics results were also
observed for the adsorption of MB on other bio-adsor-
bents, such as jackfruit peel [18], papaya seeds [19],
and guava (Psidium guajava) leaf powder [38]. Addi-
tionally, the higher k2 value for MLP than for LP indi-
cated that the MB adsorption was faster on MLP.

In order to understand the rate-controlling steps
affecting the adsorption process, the experimental data
was fit to the Weber–Morris model. For this model, if
the intraparticle diffusion is the sole rate-limiting step,
a plot of qt vs. t

1/2 will pass through the origin [34].
However, it was not observed in Fig. 4, indicating that
the surface adsorption and intraparticle diffusion
occurred concurrently during the adsorption process.

3.6. Thermodynamics studies

Thermodynamics parameters—standard free energy
(ΔG˚), enthalpy change (ΔH˚), and entropy change (ΔS˚)
—were calculated from the experimental data acquired
upon changing the temperature (298–328 K) using the
Van’t Hoff equation (Eq. (11)) [39]:

lnKd ¼ �DG�

RT
¼ �DH�

RT
þ DS�

R
(11)

where T is the temperature (K), R is the ideal gas
constant (8.314 J/(mol K)), and Kd is the thermody-
namic equilibrium constant, which is defined as
follows (Eq. (12)) [40]:

Kd ¼ qe
Ce

(12)

where qe is the equilibrium adsorption capacity of MB
on the adsorbent (mg/g), and Ce is the equilibrium
concentration of MB in aqueous solution (mg/L).

According to Eqs. (11) and (12), ΔH˚ and ΔS˚ were
calculated from the slope and the intercept of the plot
of ln Kd vs. 1/T. Then, the values of ΔG˚ at different
temperatures were calculated using Eq. (11).

Table 3 shows the thermodynamics parameters for
the adsorption of MB by LP and MLP. The negative
values of ΔH˚ show that the adsorption process was

Table 2
Kinetics parameters studied for MB adsorption on LP and MLP

Adsorbents

Pseudo-first-order Pseudo-second-order

qe(exp.) (mg/g) qe(cal.) (mg/g) k1 (g/mgmin) R2 qe(cal.) (mg/g) k2 (g/mgmin) R2

LP 49.50 2.48 0.0309 0.703 49.75 0.032 1
MLP 49.95 0.35 0.0353 0.835 50.00 0.24 1
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exothermic, and the positive values of ΔS˚ suggest
increased randomness at the solid/solution interface
during the adsorption of MB on LP and MLP. The
negative values of ΔG˚ indicate the spontaneous nat-
ure of the adsorption for MB over the temperature
range 298–328 K.

3.7. FTIR spectra of LP and MLP

The origin and nature of the biosorbent, such as its
physical structure, chemical nature and functional
groups may control the biosorption performance. The
FTIR spectra of raw litchi peel, before and after chemi-
cal treatment in the range of 4,000–400 cm−1 were
taken to identify the functional groups in the biosorp-
tion. The FTIR spectra of LP (a) and MLP (b) are
shown in Fig. 5.

The examination of the obtained spectra has the
typical peaks for –OH groups at 3,338–335 cm−1, alkyl
CH at 2,924–2,926 cm−1, the C=O bond of non-ionic
carboxylic acids at 1,740–1,741 cm−1, asymmetric/anti-
symmetrical C=O vibration of ionic carboxylate

groups at 1,622–1,624 cm−1, and –OH groups at 1,028–
1,032 cm−1 are assigned to C–OH stretching vibrations
of alcoholic [41]. The comparisons of LP and MLP, the
stretching peak intensity of OH and –COO−, indicated
the OH and –COO− were exposed on the surface of
litchi peels.

Gong et al. [14] have showed the OH and COO−

were major functional groups in the adsorption of cat-
ionic dyes. The adsorption reaction mechanism
between OH and COO− and MB+ may be written as
following.

R�OH�!NaOH
R�ONa�!MBþ

½R�O�� MBþ

R� COO� þMBþ �! ½R� COO�� MBþ

3.8. Desorption studies

As was known, the reusability was a very impor-
tant factor for developing a novel adsorbent in prac-
tice applications. Therefore, the adsorption–desorption
cycle was repeated four times using the same biomass
of MLP with 0.05M HCl. The adsorption removal (%)
was calculated, whose initial concentration was
100mg/L. The results showed that, in the first cycle,
the removal efficiency by adsorption was more than
99.58% for MB. From the second to fourth cycle, the
MLP biomass had slightly changed adsorption
removal ranged from 90.74 to 81.05%. The results
showed that the MLP can be repeatedly used in bio-
sorption process without detectable losses in their
adsorption capacities.
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Fig. 4. Weber–Morris model plots of MB adsorption onto
LP and MLP.

Table 3
Thermodynamics parameters for the adsorption of MB by
LP and MLP

Adsorbents
T
(K) Kd

ΔG˚
(kJ/mol)

ΔH˚
(kJ/mol)

ΔS˚
(J/mol K)

LP 298 29.74 −8.42 −8.04 1.26
308 26.81 −8.43
318 24.82 −8.44
328 21.93 −8.45

MLP 298 399.06 −14.86 −14.71 0.50
308 338.97 −14.86
318 276.49 −14.87
328 233.44 −14.87

Fig. 5. FTIR spectra of LP (a) and MLP (b).
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4. Conclusion

LP and MLP showed high MB adsorption capaci-
ties in aqueous solution, with maximum capacities of
100 and 139mg/g, respectively, demonstrating their
promising potentials as bio-adsorbents for the removal
of MB from aqueous systems. The adsorption equilib-
rium of MB on LP and MLP could be described satis-
factorily by the Langmuir, Freundlich, and D-R
isotherms. The MB adsorption kinetics on LP and
MLP could be estimated more suitably by a pseudo-
second-order kinetic model than by a pseudo-
first-order model, suggesting that MB adsorption was
mainly controlled by a chemical process. Additionally,
the results of thermodynamics studies indicated that
MB adsorption on LP and MLP was a spontaneous
and exothermic process. The FTIR analysis showed
that OH and COOH were major functional groups in
the adsorption of MB. The adsorption–desorption
cycles suggested that MLP can be repeatedly used in
adsorption process. Taking into consideration all the
above obtained results, it can be suggested that LP
should be a promising and favorable adsorbent for the
removal of MB from aqueous solutions.
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[34] S. Karagöz, T. Tay, S. Ucar, M. Erdem, Activated car-
bons from waste biomass by sulfuric acid activation
and their use on methylene blue adsorption, Biore-
sour. Technol. 99 (2008) 6214–6222.

[35] M.A.M. Salleh, D.K. Mahmoud, W.A.W.A. Karim,
A. Idris, Cationic and anionic dye adsorption by agri-
cultural solid wastes: A comprehensive review, Desa-
lination 280 (2011) 1–13.
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