
Biosorption of methylene blue from aqueous solution by natural Osmanthus
fragrans powder

Bo Chai*, Xianzhong Cheng, Zhandong Ren, Yuchan Zhu

School of Chemical and Environmental Engineering, Wuhan Polytechnic University, Wuhan 430023, P.R. China,
Tel. +86 27 8394 3956; email: willycb@163.com

Received 18 March 2015; Accepted 10 September 2015

ABSTRACT

The potential of Osmanthus fragrans powder as a natural biosorbent was investigated for the
removal of methylene blue (MB) from aqueous solution. The effects of various experimental
conditions including contact time, adsorbent dose, initial MB concentration, solution pH,
salt ionic strength, and temperature on the adsorption properties of O. fragrans powder
were discussed. The adsorption kinetic data were modeled using pseudo-first-order,
pseudo-second-order, and intraparticle diffusion kinetics equations, indicating that the
pseudo-second-order and intraparticle diffusion models could better describe the adsorption
kinetics. Furthermore, adsorption equilibrium data were analyzed by Langmuir and
Freundlich models, suggesting the Langmuir model presented a better correlation with the
experimental data. The maximum adsorption capacities (qm) of O. fragrans powder for MB
obtained from the Langmuir model were 155.52, 165.02, and 172.71 mg g−1 at different
temperatures of 288.15, 298.15, and 308.15 K, respectively. Thermodynamic parameters such
as standard free energy changes (ΔG˚), standard enthalpy changes (ΔH˚), and standard
entropy changes (ΔS˚) were also calculated. The results showed that the adsorption process
was spontaneous and endothermic in nature. In addition, the possible adsorption
mechanism of O. fragrans powder as adsorbent was proposed. The present study implies
that O. fragrans powder were a promising candidate as novel biosorbents for the removal of
MB from aqueous solution.
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1. Introduction

Dyes are widely used in the textile, paper, plastic,
leather, food, and cosmetic industry to color products.
The release of colored effluents from these industries
may cause various environmental problems. For exam-
ple, the presence of dyes in water can affect photosyn-
thetic processes of aquatic plants to reduce oxygen
levels in water, and in severe cases, resulting in the

suffocation of aquatic flora and fauna. Additionally,
many of these dyes are carcinogenic, mutagenic, and
toxic to human beings, microorganisms, and fish
species. Hence, the removal of dyes from industrial
effluents before discharging into the environment is
extremely necessary [1,2].

Nowadays, various removal methods have been
developed in the wastewater treatment, such as
adsorption [1], membrane separation [3], coagulation
[4], biological treatment [5], photocatalysis [6], and
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other processes. Among these methods, adsorption is
the most widely used approach because of the ease of
operation and low cost. As we all know, commercial
activated carbon is a very effective adsorbent due to
its high surface area, but a relatively high cost may
limit the use of activated carbon. Recently, various
low-cost adsorbents derived from agricultural wastes
or natural materials have been explored intensively
for removal of pollutants from aqueous solutions, such
as sugarcane bagasse [7], Lemna aequinoctialis [8],
papaya seeds [9,10], fruit peels [11–13], plant leaves
[14–18], pine cone [19], hazelnut shell [20], grass waste
[21], wood apple shell [22], silkworm exuviae [23],
and so on. These biomaterial adsorbents have showed
great potential for the treatment of dye wastewaters
owing to very large quantities, ease of getting, and
very low costs.

Osmanthus fragrans is a plant belonging to the
Oleaceae family, which is planted from the southern
China to southern Japan and Southeast Asia as far as
Cambodia and Thailand. It is usually cultivated as an
ornamental plant in Asia, Europe, North America, and
elsewhere in the world for its delicious scent during
flowering. The flowers of O. fragrans are often used as
an additive for food, tea, and other beverages in China.
Because of the abundance and cheapness of the flowers
of O. fragrans, most of them are also directly discarded
after withering. The disposal would cause the waste of
resources, and then expanding the application scope of
them is necessary. According to previous report [24],
the flowers of O. fragrans contain a lot of alcohols, car-
boxylic acids, ionone, and esters, which make them
adsorb dyes. Collection of the withered flowers of O.
fragrans as adsorbents to remove dyes from wastewater
is very meaningful. To our knowledge, there is no
report on the use of the flowers of O. fragrans for the
removal of dyes from aqueous solution. This work pre-
sents the possible use of the flowers of O. fragrans as a
methylene blue (MB) dye adsorbent. The effects of
solution pH, absorbent dose, salt ionic strength, initial
MB concentration, and temperature on the adsorption
performances of O. fragrans flowers were investigated.
In addition, the kinetics, adsorption isotherm, and
thermodynamic parameters were explored to describe
the experimental data.

2. Materials and methods

2.1. Preparation of adsorbent

Withered flowers of O. fragrans were collected from
O. fragrans trees of the campus of Wuhan Polytechnic
University in September. Then the flowers were con-
tinuously washed with tap water to remove dirt from

the surface. The washed flowers were dried at 80˚C in
oven for 24 h until constant weight. Dried flowers
were ground into powder and then sieved through a
100-mesh sieve. The fine powder thus obtained was
stored in a plastic bottle for further use. No other
chemical or physical treatments were used prior to
adsorption experiments.

2.2. Characterization of adsorbent

The surface morphology of O. fragrans powder was
investigated with scanning electron microscopy (SEM)
using Hitachi S-3000N operated at 15 kV. Fourier trans-
form infrared spectra (FTIR) of samples were recorded
on a Thermo Nicolet Avatar 360 spectrometer using
conventional KBr pellets. The pH of the point of zero
charge (pHpzc) of the adsorbent was determined by the
pH drift method described in previous reports
[7,25,26]. The pH values of a solution of 0.01 M NaCl
were adjusted from 2.0 to 10.0 by adding either HCl or
NaOH solution. Nitrogen was bubbled through the
solution at room temperature to remove dissolved car-
bon dioxide until the initial pH values (pHi) stabilized.
Then, 0.1 g of O. fragrans powder was, respectively,
added into 50 mL of the above solution. The suspen-
sions were shaken for 12 h and allowed to equilibrate
for another 12 h. The final pH values (pHf) of the super-
natant liquids were recorded. The difference between
the initial and final pH values (ΔpH = pHf − pHi) was
plotted against the pHi. The point of intersection of the
resulting curve at which ΔpH = 0 gave pHpzc.

2.3. Adsorption experiments

Adsorption isotherm experiments were performed
by adding a specified amount of adsorbent samples
(40 mg) to a series of conical flasks containing MB
solutions (100 mL, 10–90 mg L−1). The flasks were then
sealed and placed in a thermostatic oscillator and
shaken at 200 rpm for 160 min at 288.15, 298.15, and
308.15 K at the natural pH value (approximate 6.0).
After centrifugation, the concentration of MB left in
the supernatant solution was determined from the
calibration curve prepared by measuring the absor-
bance of different predetermined concentrations of
MB solutions at λmax = 664 nm using a UV–vis
spectrophotometer (TU-1810).

The equilibrium adsorption capacity qe (mg g−1) of
the adsorbents was calculated from the following
equation [27–29]:

qe ¼ ðC0 � CeÞV
W

(1)
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where C0 and Ce (mg L−1) are the liquid-phase concen-
trations of MB at initial and equilibrium concentra-
tions, respectively, V is the volume of the solution (L),
and W is the mass of the adsorbent used (g).

To study the effect of adsorbent dose on the
amount of dye adsorbed, different amounts of adsor-
bents (10, 20, 40, 60, 80, and 100 mg) were, respec-
tively, added to 100 mL of MB solution with the initial
concentration (70 mg L−1) at the natural pH value and
shaken at 298.15 K for 160 min. The dye removal
percentage (R%) was calculated as follows [14]:

R% ¼ ðC0 � CeÞ
C0

� 100% (2)

Batch kinetic experiments were carried out by mixing
40 mg of adsorbents to 100 mL of MB solution with a
known initial concentration (50, 70, and 90 mg L−1) at
the natural pH value and shaken at 298.15 K for dif-
ferent time intervals. The concentration of MB left in
the supernatant solution was analyzed as above. The
amount of adsorption at time t, qt (mg g−1), was
calculated by [27–29]:

qt ¼ ðC0 � CtÞV
W

(3)

where C0 and Ct (mg L−1) are the liquid phase concen-
trations of MB at the initial concentration and any
time t, respectively, V is the volume of the solution
(L), and W is the mass of the adsorbent used (g). For
comparison, the commercial activated carbon (pur-
chased from the Tianjin Bodi Chemical Reagent Co,
Ltd) was chosen as adsorbent to evaluate the adsorp-
tion performance by adding 40 mg of activated carbon
in 100 mL of 50 mg L−1 MB solution.

2.4. pH value and salt ionic strength effect

The effect of pH was performed by dispersion of
40 mg of adsorbents in 100 mL of 70 mg L−1 MB solu-
tion. The initial pH of the MB solution was adjusted
from 2.0 to 10.0 using 0.1 mol L−1 HCl or 0.1 mol L−1

NaOH solution. The suspensions were shaken at
298.15 K for 160 min. The concentration of MB left in
the supernatant solution was analyzed as above.

The effect of salt ionic strength on the adsorption
properties was studied by adding different sodium
salts (NaCl, Na2SO4, CH3COONa, NaNO3, and
NaHCO3) to 100 mL of 70 mg L−1 MB solution with
the Na+ ionic concentration ranging from 0 to
0.5 mol L−1. The suspensions were shaken at 298.15 K
for 160 min. The concentration of MB left in the
supernatant solution was analyzed as above.

2.5. Different dye adsorption performance

Five types of organic dyes such as MB, Fuchsin
basic (FB), Rhodamine B (RhB), Orange II (OII), and
Malachite green (MG) were selected as study models
to evaluate, respectively, the adsorption performances
with 40 mg of adsorbents in 100 mL of 50 mg L−1 solu-
tion. The concentration of MB, FB, RhB, OII, and MG
left in the supernatant solution was analyzed at
λmax = 664, 542, 554, 485, and 618 nm using a UV–vis
spectrophotometer, respectively.

3. Results and discussion

3.1. Characterization of adsorbent

Fig. 1 shows the SEM image of O. fragrans pow-
der. It is clear that the O. fragrans powder have a
rough surface with large amounts of pleats, which
lead to the formation of numerous pores and cavities.
This indicates that there is a good possibility for MB
dye to be trapped and adsorbed onto the surface of O.
fragrans powder [21]. The FTIR is an important tech-
nique to determinate characteristic functional groups,
which make the adsorption behavior possible. Fig. 2
depicts the FTIR spectra of O. fragrans powder before
and after MB adsorption. As shown in Fig. 2(a), the
broad peak at about 3,420 cm−1 corresponds to the
stretching vibration mode of the hydroxyl group on
the surface of O. fragrans powder. The peaks at 2,935
and 2,856 cm−1 are attributed to the stretching vibra-
tion of −CH3 and −CH2, respectively [14]. The strong
band at 1,630 cm−1 is characteristic of the stretching
vibration of C=O from carboxylic acid with
intermolecular hydrogen bonding [14]. The peak at
1,385 cm−1 is related to the bending vibration of −CH3

Fig. 1. SEM image of O. fragrans powder.
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and −CH2. The peak at 1,271 cm−1 belongs to epoxy
C−O−C bonds [30]. The peak at around 1,042 cm−1 is
associated with the alkoxy C−O bonds [30]. After
adsorption of MB (Fig. 2(b)), the new adsorption peaks
at 1,337 and 677 cm−1 are clearly observed, which
could be assigned to the vibration of C–N and the
bending vibration of C–H in aromatic compounds,
respectively [31], indicating the MB molecules have
been anchored on the surface of O. fragrans powder.
In addition, the carboxyl band at 1,630 cm−1 was
shifted to 1,601 cm−1 after adsorption, suggesting a
strong interaction between MB and O. fragrans
powder [14].

3.2. Effect of adsorbent dose

The values of qe and the removal percentage of
dye (R%) at different doses of O. fragrans powder are
presented in Fig. 3. As the O. fragrans powders’ dose
is increased from 10 to 100 mg, the removal percent-
age of dye increases from 82.5 to 99.9%. However, the
adsorption capacity (qe) exhibits the opposite trend.
The increase in the removal percentage is due to the
increased adsorbent surface area and availability of
more adsorption sites. The decrease in qe is attributed
to the adsorption competition among adsorbent and
the split in the concentration gradient [14]. When the
amount of O. fragrans powder was 40 mg, the R% was
98.7%. Above 40 mg of adsorbent dose, there was no
significant increase in the removal rate, but qe still
decreased. Considering qe and R%, adsorbent dose of
40 mg was found to be the optimum dose for all other
batch experiments.

3.3. Effect of solution pH value

The solution pH value, which can change the net
charge of the adsorbent and adsorbate, is one of the
most important factors in determining the adsorption
properties of the adsorbent. Fig. 4 shows the effect of
solution pH on MB adsorption by O. fragrans powder
with the initial pH ranging from 2.0 to 10.0. It can be
seen that the adsorption capacity of O. fragrans pow-
der shows a slight increase with increasing pH value
from 6.0 to 10.0. As for pH < 6.0, the adsorption capac-
ity declines sharply. Accordingly, the O. fragrans pow-
der exhibit a much higher adsorption capacity under
neutral and alkaline conditions rather than under
acidic conditions. The influence of the pH value on
MB uptake could be explained on the basis of the
pHpzc of O. fragrans powder. When the pH value is

Fig. 2. FTIR spectra of O. fragrans powder before (a) and
after (b) adsorption of MB.

Fig. 3. Effect of adsorbent dose on the adsorption of MB
(C0 = 70 mg L−1; initial pH 6.0; T = 298.15 K; t = 160 min).

Fig. 4. Effect of solution pH on the adsorption of MB
onto O. fragrans powder (C0 = 70 mg L−1; adsorbent
dose = 40 mg; T = 298.15 K; t = 160 min).
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lower than pHpzc, it means that the surface of O.
fragrans powder is positively charged. Otherwise, it
would present a negative charge [7]. As shown in
Fig. 5, the pHpzc of O. fragrans powder is determined
to be about 6.0. Therefore, the surface of O. fragrans
powder is negatively charged under neutral and alka-
line conditions, favoring the adsorption of MB in
cationic form. When the pH is decreased, the adsor-
bent surface is more positively charged resulting in
great electrostatic repulsive interactions between the
O. fragrans powder and the MB dye. As a result, the
adsorption capacity decreases obviously. By experi-
ments, the natural pH value of suspensions was
near 6.0 and it was not adjusted in other batch
experiments.

3.4. Effect of salt ionic strength

It is important to discuss the effect of salt ionic
strength on the adsorption of MB onto O. fragrans
powder because industrial effluents contain not only
pollutants but also high concentrations of salts, which
may affect the removal of pollutants. Experiments
were performed to study the effect of different sodium
salts such as NaCl, Na2SO4, NaNO3, CH3COONa, and
NaHCO3 on MB adsorption. As shown in Fig. 6, with
increasing concentrations of sodium salts, the adsorp-
tion capacities of O. fragrans powder decrease. Since
sodium salts in MB solution can release Na+, the Na+

ions may screen the electrostatic interaction of oppo-
site charges of the adsorbent surface active sites and
MB molecules; the adsorption capacities would
decrease with increasing ionic strength. It is notewor-
thy that the different sodium salts have various effects

on the adsorption performances, and the influence
degree follows the order of NaNO3 > Na2SO4 >
CH3COONa > NaHCO3 > NaCl. This indicates that the
type of anions in the solution has a remarkable effect
on the adsorption capacity.

3.5. Adsorption kinetics

Fig. 7 shows the time profile of MB adsorption
onto O. fragrans powder at different initial dye concen-
trations. The adsorption of MB onto O. fragrans
powder increases with time and then attains equilib-
rium after 160 min. The adsorption is initially rapid,
and then slows, perhaps because a large number of

Fig. 5. The Point of zero charge (pHpzc) of O. fragrans
powder.

Fig. 6. Effect of different sodium salts on the adsorption of
MB onto O. fragrans powder (C0 = 70 mg L−1; adsorbent
dose = 40 mg; initial pH 6.0; T = 298.15 K; t = 160 min).

Fig. 7. Effect of contact time on the adsorption of MB onto
O. fragrans powder at different initial dye concentrations
(adsorbent dose = 40 mg; initial pH 6.0; T = 298.15 K).
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vacant surface sites are available for adsorption during
the initial stage. And then, the remaining vacant sur-
face sites are difficult to occupy due to the repulsive
forces between the dye molecules on the O. fragrans
powder and the aqueous phase. The adsorption
capacity at equilibrium increases evidently with an
increase in the initial dye concentration. This might be
attributed to an increase in the driving force of con-
centration gradient to overcome the mass transfer
resistance with an increase in the initial dye concentra-
tion [32]. To illuminate the potential application value
of O. fragrans powder as adsorbent for the removal of
MB dye from wastewater, we have compared the
adsorption capacities with the commercial activated
carbon. As shown in Fig. 8, the equilibrium adsorption
capacity of the commercial activated carbon is about
50.61 mg g−1, which is much lower than that of O.
fragrans powder (100.85 mg g−1).

To understand the characteristics of adsorption
process, the kinetics of MB adsorption onto the O.
fragrans powder is investigated using the pseudo-
first-order (Fig. 9(a)) and pseudo-second-order
(Fig. 9(b)) kinetic models [27,33]:

logðqe � qtÞ ¼ log qe � k1
2:303

t (4)

t

qt
¼ 1

k2q2e
þ 1

qe
t (5)

where qe and qt are the amounts of MB adsorbed
(mg g−1) at equilibrium and at time t (min), respec-
tively, k1 is the pseudo-first-order rate constant

(min−1), and k2 is the pseudo-second-order rate con-
stant (g mg min−1). The conformity between experi-
mental data and the model fitting values is expressed
by correlation coefficients (R2). As summarized in
Table 1, the large differences between experimental

Fig. 8. Comparison of adsorption capacities of MB with
commercial activated carbon (C0 = 50 mg L−1; adsorbent
dose = 40 mg; initial pH 6.0; T = 298.15 K).

Fig. 9. Pseudo-first-order kinetics (a), pseudo-second-order
kinetics (b), and intraparticle diffusion kinetics (c) plots of
MB adsorption onto O. fragrans powder at different initial
dye concentrations.
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(qe,exp) and calculated (qe,cal) values of the equilibrium
adsorption capacity for the pseudo-first-order model
indicate that the adsorption of MB onto O. fragrans
powder does not obey the pseudo-first-order model.
In contrast, the pseudo-second-order model shows a
good fit with experimental data at all the studied ini-
tial concentrations (R2 > 0.99). The values of qe,cal also
exhibit to be very close to the experimental values of
qe,exp. This suggests that the pseudo-second-order
model could better describe the adsorption process of
MB onto O. fragrans powder. In addition, the pseudo-
second-order rate constant (k2) values decrease with
increasing initial dye concentrations, which could be
ascribed to the lower competition for the adsorption
surface sites at lower concentrations [32].

Nevertheless, the above two kinetic models are not
able to clarify the diffusion mechanism during the
adsorption process; the intraparticle diffusion kinetic
model based on the theory proposed by Weber and
Morris is represented by the following equation
[27,32]:

qt ¼ kdit
1=2 þ C (6)

where kdi is the intraparticle diffusion rate constant
(mg g−1 min−1/2), calculated from the slope of the
straight line of qt vs. t1/2, C is a constant (mg g−1)
related to the thickness of boundary layer. A larger
value of C implies the greater effect of boundary layer.
Fig. 9(c) shows a linear fit of the intraparticle diffusion
model at different initial dye concentrations. Three lin-
ear regions observed for all the concentrations reveal
that multiple steps take place during the adsorption
process of MB onto the O. fragrans powder. The first
sharp linear section is related to the instantaneous
adsorption stage that mainly occurs on the external
surface of O. fragrans powder (film diffusion), which is
completed within the first 5 min. This arises from the
fact that the initial MB concentration in the solution is
high and the large concentration gradient provides
enough driving force for MB to diffuse into the
external surface of O. fragrans powder. The second

adsorption region is the gradual adsorption stage
corresponding to intraparticle diffusion of MB
molecules through the interior pores and cavities of
the adsorbent. Furthermore, the deviation of straight
lines from the origin may be due to a difference in the
rate of mass transfer in the initial and final stages of
adsorption, indicating that the intraparticle diffusion
is not the only rate-controlling step [32]. The third
region is the final equilibrium stage where intraparti-
cle diffusion further slows down owing to the low
concentrations of the adsorbate left in the solutions
[32]. As shown in Table 2, the kd1 value much greater
than kd2 and kd3 suggests that the film diffusion step
is an important step for the adsorption of MB onto the
O. fragrans powder.

3.6. Adsorption isotherm

Adsorption capacities of MB onto the O. fragrans
powder at 288.15, 298.15, and 308.15 K are illustrated
by the adsorption isotherms (Fig. 10). It can be seen
that the adsorption capacity of O. fragrans powder
increases with the increasing equilibrium concentra-
tion of MB and reaches saturation progressively. The
adsorption process is normally described by the Lang-
muir and Freundlich isotherms. The linear form of
Langmuir equation can be expressed as follows [27]:

Ce

qe
¼ 1

qmaxKL
þ Ce

qmax
(7)

where qmax is the maximum adsorption capacity of the
adsorbent corresponding to a complete monolayer
coverage on the surface (mg g−1) and KL is the
Langmuir adsorption constant (L mg−1). The constants
of qmax and KL can be calculated from the slope and
the intercept of the linear plots of Ce/qe vs. Ce. Fig. 11
depicts that the Langmuir adsorption isotherm fits well
with experimental data. This indicates the homoge-
neous nature of the sample surface where each MB
molecule has equal adsorption activation energy and

Table 1
Kinetic parameters for adsorption of MB onto O. fragrans powder

C0 (mg L−1) qe,exp (mg g−1)

Pseudo-first-order Pseudo-second-order

k1 (min−1) qe,cal (mg g−1) R2 k2 (g mg−1 min−1) qe,cal (mg g−1) R2

50 100.85 0.0329 9.38 0.5275 0.0092 101.01 0.9999
70 126.96 0.0286 14.81 0.4138 0.0076 125.95 0.9997
90 140.28 0.0300 25.64 0.4901 0.0044 139.47 0.9997
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demonstrates the formation of monolayer coverage of
MB molecule on the surface of the adsorbent [34].
Langmuir isotherm parameters are listed in Table 3.

The essential characteristics of the Langmuir
equation can be described in terms of a dimensionless

separation factor (RL), which is defined by the follow-
ing equation [34]:

RL ¼ 1

1þ KLC0
(8)

where C0 (mg L−1) is the highest initial concentration
of the adsorbate and KL is the Langmuir adsorption
constant (L mg−1). The value of RL indicates the type
of the isotherm to be either irreversible (RL = 0), favor-
able (0 < RL < 1), linear (RL = 1), or unfavorable
(RL > 1) [12]. Table 3 shows that the values of RL at
different temperatures are in the range of 0–1, con-
firming the O. fragrans powder are favorable for the
adsorption of the MB dye.

The Freundlich adsorption isotherm describes
equilibrium on heterogeneous surfaces and hence does
not assume monolayer capacity. A linear form of the
Freundlich model is represented by the following
equation [27,34]:

ln qe ¼ ln KF þ 1

n
ln Ce (9)

where KF (mg g−1)(L mg−1)1/n is a rough indicator of
the adsorption capacity and n is the Freundlich expo-
nent. The values of KF and n are calculated from the
intercept and slope of the linear plots ln qe vs. ln Ce

(Fig. 12). Table 3 lists the Freundlich isotherm parame-
ters for the adsorption of MB onto O. fragrans powder
at 288.15, 298.15, and 308.15 K. It is clear that the val-
ues of the Freundlich exponent n are greater than 1,
where n > 1 implies a favorable adsorption condition
[34]. On the basis of a comparison of correlation coeffi-
cients R2 values, the Langmuir isotherm model fits the
adsorption data better than the Freundlich model. In
other words, the adsorption of MB by O. fragrans pow-
der takes place in a monolayer adsorption manner.

3.7. Adsorption thermodynamics

The thermodynamic parameters such as standard
Gibbs free energy change (ΔG˚), standard enthalpy

Table 2
Intraparticle diffusion parameters for adsorption of MB onto O. fragrans powder

C0

(mg L−1)
kd1
(mg g−1 min−1/2)

C1

(mg g−1) R2
kd2
(mg g−1 min−1/2)

C2

(mg g−1) R2
kd3
(mg g−1 min−1/2)

C3

(mg g−1) R2

50 36.7756 12.2663 0.9218 2.2700 83.2055 0.9103 0.2470 97.4331 0.6393
70 42.3833 8.7992 0.9682 6.4679 84.2857 0.9863 0.1092 123.7186 0.1850
90 54.9694 0.8122 0.9995 2.4448 119.5726 0.9927 0.8323 128.3290 0.8076

Fig. 10. Adsorption isotherms of MB on O. fragrans
powder at different temperatures (adsorbent dose = 40 mg;
initial pH 6.0; initial MB concentration = 10–90 mg L−1;
t = 160 min).

Fig. 11. Langmuir isotherm for MB adsorption onto O.
fragrans powder at different temperatures.
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change (ΔH˚), and standard entropy change (ΔS˚) are
determined by different temperature adsorption iso-
therms. The ΔG˚ is calculated according to following
relationship [30,31]:

DG� ¼ �RT ln K0 (10)

where R is the universal gas constant
(8.314 J mol−1 K−1), T is the Kelvin temperature, and
K0 is the adsorption equilibrium constant.

The distribution adsorption coefficient (Kd) is
calculated from the following equation [30,31]:

Kd ¼ C0 � Ce

Ce
� V
W

(11)

where C0 is the initial dye concentration (mg L−1), Ce

is the equilibrium dye concentration (mg L−1), V is the
volume (L) of suspension, and W is the mass of adsor-
bent (g). The K0 can be obtained by plotting ln Kd vs.
Ce and extrapolating Ce to zero.

The ΔH˚ and ΔS˚ are calculated from the following
equation [30,31]:

ln K0 ¼ �DH�

RT
þ DS�

R
(12)

The thermodynamic parameters are calculated at three
different temperatures and listed in Table 4. As seen
in the table, the negative ΔG˚ values confirm the feasi-
bility and spontaneous nature of the adsorption pro-
cess. Moreover, the value of ΔG˚ becomes more
negative with increasing temperature, suggesting that
the adsorption process of MB onto O. fragrans powder
turns more favorable at higher temperatures. Addi-
tionally, the value of ΔG˚ is in the range of −20 to
0 kJ mol−1, implying the adsorption process is of
physisorption nature [35]. The positive ΔH˚ value indi-
cates that the adsorption reaction is endothermic,
which is proved by the results of adsorption capacity
increasing with the enhancement of temperature
(Fig. 10). The positive ΔS˚ value indicates the
increased confusion degree during the adsorption
process.

3.8. Adsorption mechanism

Five types of organic dyes such as MB, FB, RhB, OII,
and MG were selected as study models to evaluate,
respectively, the adsorption performances. As shown in
Fig. 13, the equilibrium adsorption capacities of O.
fragrans powder are about 119.52, 113.54, 100.85, 33.22,
and 6.05 mg g−1 for the MG, FB, MB, RhB, and OII,
respectively. Among these dyes, the O. fragrans pow-
der have relatively better adsorption performances for

Table 3
Adsorption isotherm parameters for adsorption of MB onto O. fragrans powder

Temperature (K)

Langmuir isotherm model Freundlich isotherm model

qmax (mg g−1) KL (L mg−1) R2 RL KF (mg g−1)(L mg−1)1/n n R2

288.15 155.52 0.4080 0.9990 0.0265 58.4967 3.4781 0.9822
298.15 165.02 0.4829 0.9990 0.0225 65.2568 3.4977 0.9880
308.15 172.71 0.4534 0.9979 0.0239 66.6750 3.4058 0.9939

Fig. 12. Freundlich isotherm for MB adsorption onto O.
fragrans powder at different temperatures.

Table 4
Thermodynamic parameters for adsorption of MB onto O.
fragrans powder

Thermodynamic constant
Temperature (K)

288.15 298.15 308.15

ΔG˚ (kJ mol−1) −10.40 −11.76 −12.53
ΔH˚ (kJ mol−1) 20.00
ΔS˚ (J mol−1 K−1) 105.82
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MG, FB, and MB, moderate adsorption for RhB, and
lower adsorption for OII. According to the pHpzc analy-
sis, the O. fragrans powder have a negative charge on
its surface under the neutral and alkaline conditions.
The MG, FB, MB, and RhB molecules form positively
charged cations in aqueous solution and thus could be
adsorbed by O. fragrans powder via electrostatic
interaction. In contrast, OII molecules form anions in
the neutral solution so they could not be largely
adsorbed by O. fragrans powder due to the electrostatic
repulsive interaction. On the other hand, although the
RhB molecules form positively charged cations in solu-
tion, they have a bigger steric volume than those of
MG, FB, and MB, which would restrict them to be
adsorbed by O. fragrans powder. Therefore, the electro-
static interaction and steric hindrance effect play an
important role in adsorption of dyes onto O. fragrans
powder.

4. Conclusions

In this study, the potential of O. fragrans powder
as a natural biosorbent was investigated for the
removal of MB from aqueous solution in batch mode.
The influence of experimental conditions on the
adsorption performance was elucidated. The adsorp-
tion isotherm analysis showed that the Langmuir
model could describe the physical adsorption process
very well. The maximum adsorption capacities (qm) of
O. fragrans powder for MB obtained from Langmuir
model were 155.52, 165.02, and 172.71 mg g−1 at differ-
ent temperatures of 288.15, 298.15, and 308.15 K,
respectively. The adsorption kinetics obeyed pseudo-
second-order and intraparticle diffusion models. A

negative value of ΔG˚ and a positive value of ΔH˚
confirmed the spontaneous and endothermic nature of
the adsorption process. The results indicated that O.
fragrans powder were an effective biosorbent for the
removal of MB from aqueous solution.
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