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ABSTRACT

Activated carbon derived from the rice straw was used for the rapid removal and fast
adsorption of methylene blue (MB) from the solvent phase of the aqueous solution. The
developed adsorbent was characterized using various analytical techniques such as scan-
ning electron microscopy and FTIR. The effect of various influential parameters including
solution pH, adsorbent dosage, contact time, initial adsorbate concentration, stirring speed,
and temperature on MB removal were well investigated and optimized. The experimental
optimized data showed that a maximum amount of MB ions can be removed at contact
time 25 min, dye ion concentration 40 mg/L, and pH of 7. The obtained results of the
isotherm study revealed that adsorption data was in good agreement with Langmuir
isotherm model (with R2 value of 0.988 and maximum adsorption capacity of 62.5 mg/g at
initial pH of 7 and temperature of 298 K). The negative values of ΔG˚ and the positive
values of ΔH˚ (22.73 kJ/mol) and ΔS˚ (104 J/mol K) showed that the adsorption process was
a spontaneous physical adsorption process i.e. endothermic and entropy driven.
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1. Introduction

Dyes and pigments are used in various industries
such as paper, textiles, leather, plastics, rubber,
cosmetics, and food beverages [1]. Colored and textile
industries wastewaters are one of major sources that
lead to the environmental contamination [2].

Methylene blue (MB) (3,7-bis (Dimethylamino)-phe-
nothiazin-5-iumchloride) known as cationic dye is an
important class of aromatic chemicals that are used in
the coloring and textile industries. MB is also used for
coloring paper, as temporary hair colorant, dyeing cot-
tons and wools. However, it is not highly dangerous,
but it possesses some adverse effects such as increase
in hypertension, nausea, diarrhea, headache, dizziness,
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and eye injuries and opthial irritation in Homo sapiens.
Thus, it is needed to be removed before the sewage
disposal into the aqueous streams [3–5]. Several
physical and chemical processes are used such as
photo-decomposition and ultrafiltration, coagulation
and flocculation, membrane filtration, electrochemical
techniques, precipitation, ozonation, biosorption, and
adsorption [6,7]. Among all the adsorption is a best
physicochemical method which is an efficient and eco-
nomic technique for removing the noxious dyes, pig-
ments, and other colorants [8,9]. Among adsorbents,
adsorption onto activated carbon is an effective and
reliable method. Activated carbons have the advan-
tages of exhibiting a high adsorption capacity for dyes
due to their large surface area, microporous structure,
adequate pore size distribution and porosity, high
degree of surface reactivity and relatively high
mechanical strength [10–12]. Activated carbon pre-
pared from agricultural wastes helps to solve their
disposal problem and also can be used as an efficient
low-cost adsorbent. Agricultural wastes include
orange peel, rice husk and straw, jute fiber, soy meal
hull, coconut shells, corn cobs, Cotton stalks, wheat
shells, activated date pit, and bamboo dust [13,14].
Many of the activated carbons were produced by a
two-step process carbonization followed by activation.
The carbonization is to enrich the carbon content and
to create an initial porosity. The activation process
helps in enhancing the pore structure. The activations
are obtained by two procedures: physical activation or
chemical activation [15,16]. In physical activation, the
precursor is placed at high temperatures (ranging of
800–1,100˚C) in the presence of oxidizing agents such
as air, water steam, CO2, or a mixture of them [17–19].
In chemical activation, the precursor is mixed with a
concentrated solution of an activating agent, e.g. phos-
phoric acid, zinc chloride, sulfuric acid, and potassium
iodide, which causes the formation of porous struc-
tures in the material. Chemical activation is done at
temperatures less than physical activation tempera-
tures (ranging of 400–600˚C), allowing the achieve-
ment of activated carbons with higher efficiency due
to dehydrogenation capability of the activating agent,
which inhibits the production of volatile matters dur-
ing the activation process [20,21]. On the basis of our
researches, limited investigations on the preparation
of activated carbons from rice straw using sulfuric
acid as activating agent are carried out; there are
relatively limited studies in the preparation of rice
straw by microwave radiation [22–24]. Moreover,
preparation of activated carbon using microwave
radiation has attracted considerable attention as a
green technology.

In the present work, the ability of low-cost adsor-
bents such as agricultural wastes (Rice straw) for the
rapid removal and fast adsorption of MB from aque-
ous solution was well investigated and elucidated.
Various influential parameters including solution pH,
adsorbent dose, contact time, initial adsorbate
concentration, stirring speed, and temperature on
color removal were well studied and optimized. More-
over, MB adsorption isotherm, mechanisms with
kinetic and thermodynamic models were measured
and discussed.

2. Experimental

2.1. Reagents and instruments

All chemicals used were of analytical reagent
grade. Potassium hydroxide (KOH), sodium hydrox-
ide (NaOH), and sulfuric acid (H2SO4) were pur-
chased from Sigma-Aldrich, USA. Methylene blue
(MB, 3,7-bis(Dimethylamino)-phenothiazin-5-iumchlo-
ride) was purchased from DyStar Co. (Germany). All
the reagents used were of analytical grade and doubly
distilled deionized water was used in sample prepara-
tion. The 1,000 mg/L of stock solution of MB dye was
prepared by dissolving an appropriate amount of MB
dye in deionized water. Further working solutions
were prepared by diluting this stock solution. Initial
pH was adjusted using 0.01 N H2SO4 and 0.01 N
NaOH.

The main instruments used during the study were
pH meter (Model 827, Metrohm) equipped with a
combined glass-saturated calomel electrode calibrated
with buffer solutions of pH 4.0, 7.0, and 9.2, laboratory
mesh sieves of 50, 60, 100, and 120, stirrer (Model HP-
3000, Lab. Companion), scanning electron microscopy
(SEM, JEOL JSM-6380) was used to observe the
surface morphology of adsorbent, FTIR spectropho-
tometer (Model Nicolet 6700, Thermo Scientific, USA),
program controller JEIO TECH (Model CF-02G Korea),
and UV–vis spectrometer (Model V-530) at a
wavelength of 663 nm.

2.2. Adsorbent preparation

Rice agricultural wastes (rice straw) was first
washed several times with deionized water to remove
dirt, dust, and other impurities, and then dried in the
oven at 105˚C for 24 h and then crushed. The rice
straw powder was impregnated with concentrated
H2SO4 in 1:1 ratio then, dried in the oven at 110˚C for
24 h. The sample was carbonized in the furnace at
450˚C with the heating rate at 10˚C/min for 5 h.
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During the activation step, the carbonized material
was placed in a glass reactor installed in the micro-
wave cavity with the input power and activation time
of 700 W and 20 min, respectively. After activation,
the activated was washed with distilled water to
remove the free acid and the activated carbon was
then soaked in KOH solution to remove the remaining
acid traces. Then, it was washed with distilled water
until the pH of the activated carbon reached 6.5, dried
at 105˚C, and sieved to different particle sizes.

2.3. Batch sorption study

Batch experiments were conducted to investigate
the effects of influential parameters such as solution
pH, adsorbent dose, contact time, initial adsorbate
concentration, stirring speed, and temperature on
adsorption of the dye from the aqueous solution. All
the adsorption experiments were carried out at room
temperature (25 ± 2˚C). Adsorption experiments were
carried out in 100 mL Erlenmeyer flasks containing
amount of carbon prepared and 50 mL of dye solution
with known concentration, pH value, and tempera-
ture. The agitator stirring speed was 150 rpm. After a
preset contact time, the samples were separated from
the solution by filtration through the filter paper. The
exact concentration of the residual dye in the filtrate
was determined using UV–vis spectrometer at a wave-
length of maximum absorbance (663 nm). The amount
of dye adsorbed on the carbon was calculated from
the difference between the initial concentration of dye
and the residual dye. The results were expressed as
the removal efficiency (%) of the adsorbent toward
dye, which was defined as:

Removal efficiency ð%Þ ¼ C0�Cf

C0

� �
� 100 (1)

where C0 is the initial dye concentrations (mg/L) and
Cf is final concentrations (mg/L).

The adsorption capacity of dye is the concentration
of dye on the adsorbent mass and was calculated
based on the mass balance principle:

qe ¼
VðC0 � CtÞ

W
(2)

where qe is the amount of dye adsorbed by the carbon
(mg MB/g carbon), Ct is the dye concentration at time
t in the solution (mg/L), V is the volume of the dye
solution (L), and W is the weight of carbon added into
the solution (g).

2.4. Adsorption kinetics

The study of chemical kinetics includes careful
monitoring of the experimental conditions which
influence the speed of a chemical reaction and helps
to attain equilibrium in a reasonable length of time.
Various kinetic models, namely pseudo-first-order,
pseudo-second-order, intra-particle diffusion, and
Elovich model [25–27] have been used for their
validity with the experimental adsorption data for MB
onto activated carbon prepared from rice agricultural
wastes.

2.4.1. Pseudo-first-order kinetic model

Lagergren suggested a pseudo-first-order equation
for the sorption of liquid/solid system based on solid
capacity [25]. The integral form of pseudo-first-order
kinetic model can be expressed as follows:

qt ¼ qeð1� e�K1tÞ (3)

where qe and qt are the amount of MB adsorbed
(mg/g) at equilibrium and time t, respectively; and K1

is the rate constant of pseudo-first-order kinetic model
(g/mg min).

2.4.2. Pseudo-second-order model

Ho and Mckay developed a pseudo-second-order
equation based on the amount of sorbed sorbate on
the sorbent [28]. The pseudo-second-order kinetic
model can be presented by the integral equation:

qt ¼
t

1
K2q2e

þ t
qe

(4)

where qe and qt are the amount of MB absorbed
(mg/g) at equilibrium and time t, respectively; and K2

is the rate constant of pseudo-second-order kinetic
model (g/mg min).

2.4.3. Intra-particle diffusion model

The adsorption mechanism of a sorbate onto the
adsorbent follows three steps viz. film diffusion, pore
diffusion, and intra-particle transport. The slowest of
the three steps controls the overall rate of the process.
Generally, pore diffusion and intra-particle diffusion
are often rate-limiting in a batch reactor, which for
continuous flow system film diffusion is more likely
the rate limiting step. The adsorption rate parameter
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which controls the batch process for most of the
contact time is the intra-particle diffusion [29,30]. The
initial rate of intra-particle diffusion can be calculated
by plotting qt vs. t

1=2.

kp ¼ qt
t
1
2

(5)

In which qt is amount of MB on the surface of the
sorbent at time t, (mg/g), kp is the intra-particle rate
constant (mg/g min), t is the time (min).

2.4.4. Elovich equation

The Elovich equation [31] has been used in the
following form:

qt ¼ b ln abð Þ þ b ln t (6)

It is postulated that the Elovich constants a and b,
represent the initial adsorption rate (g/mg min) and
the desorption constant (mg/g min), respectively. The
Elovich constants could be computed from the plots of
qt vs. ln t.

2.5. Adsorption thermodynamics

The temperature influences the adsorption
equilibrium and its variations produce a displacement
from or toward the phase the solubility of the mole-
cules (if in liquid phase) and their diffusion within the
pores of the adsorbent materials [32]. The free energy
change (DG�), enthalpy change (DH�), and entropy
change (DS�) were determined by the following
equations:

DG� ¼ �RT ln
qe
Ce

� �
(7)

DG� ¼ DH� � TDS� (8)

where R is the gas constant (8.314 J/mol L), and T is
the absolute temperature (K). The DH� and DS� can be
obtained by plotting DG� vs. T.

2.6. Adsorption isotherms

Adsorption isotherms are important in predictive
modeling the procedures for designing the adsorption
system, because the adsorption capacity of a quantita-
tive of adsorbent could be described, and it helps in
making the selection of appropriate adsorbent and

determination of adsorbent dosage feasible [33].
Several isotherm models are available. In this study,
the adsorption isotherm data were analyzed with
Langmuir, Freundlich, Temkin, and Dubinin–
Radushkevich isotherms.

2.6.1. Langmuir isotherm model

The Langmuir model assumes that the uptake of
adsorbate molecules occurs on a homogenous surface
with a finite number of adsorption sites, by monolayer
adsorption without any interaction between adsorbed
molecules [34]. Once a site is occupied by adsorbate
molecules, no further adsorption can occur at that site.
The surface will reach the saturation point and the
maximum adsorption of the surface will be achieved.
To ensure equilibrium conditions, the linear form of
the Langmuir isotherm model was applied to the
experimental data as [35]:

Ce

qe
¼ 1

bqm
� Ce

qm
(9)

where Ce, qm, and KL are the concentration of adsor-
bate at equilibrium (mg/L), maximum adsorption
capacity (mg/g), and Langmuir constant (L/mg),
respectively. The essential characteristics of the Lang-
muir isotherm can also be expressed in terms of a
dimensionless constant separation factor or equilib-
rium parameter (RL), which is defined by Eq. (10):

RL ¼ 1

1þ KLC0
(10)

where C0 is the highest initial solute concentration and
KL is the Langmuir’s adsorption constant (L/mg). The
RL value confirms the adsorption to be unfavorable
(RL > 1), linear (RL = 1), favorable (0 < RL < 1), or
irreversible (RL = 0) [36].

2.6.2. Freundlich isotherm model

Freundlich isotherm is the earliest known relation-
ship describing the non-ideal and reversible adsorp-
tion; it is not restricted to the formation of monolayer.
This empirical model can be applied to multilayer
adsorption, with non-uniform distribution of adsorp-
tion heat and affinities over the heterogeneous surface
[37]. At present, Freundlich isotherm is widely applied
in heterogeneous systems especially for organic com-
pounds or highly interactive species on activated car-
bon and molecular sieves. The empirical Freundlich
isotherm is given by Eqs. (11) and (12):
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qe ¼ KFC
1
n
e (11)

ln qe ¼ ln KF þ 1

n
Ce (12)

where qe is the amount adsorbed (mg/g) and Ce is the
equilibrium concentration of the adsorbate (mg/L).
The KF (constant related to adsorption capacity) and
1/n (constant related with the adsorption intensity)
are Freundlich constants. The value of n is an indica-
tion of the favorability of adsorption. Values of n > 1
represent favorable nature of adsorption [31].

2.6.3. Temkin isotherm model

The Temkin isotherm model assumes that the
adsorption energy decreases linearly with the surface
coverage due to adsorbent–adsorbate interactions. The
linear form of Temkin isotherm model is described as
follows [38]:

qe ¼ RT

BT
ln KT þ RT

BT
ln Ce (13)

where BT is the Temkin constant related to the heat of
sorption (kJ/mol), KT is the equilibrium binding con-
stant corresponding to the maximum binding energy
(L/g), T is the absolute temperature (K), and R is the
gas constant (8.314 × 10−3 kJ/mol K).

2.6.4. Dubinin–Radushkevich isotherm model

Sorption energy was calculated by Dubinin–
Radushkevich [39] isotherm model to predict the nat-
ure of adsorption process, i.e. physical or chemical.
The linear from of the model is described as:

ln qe ¼ ln qm � kde
2 (14)

The Polanyi potential [40] which is equal to:

e ¼ RT lnð1þ 1

Ce
Þ (15)

where qe is the amount of MB adsorbed per unit mass
of adsorbents, qm is the theoretical adsorption capacity
(mg/g), kd is a constant related to adsorption energy,
and e is Polanyi potential, and can be correlated as:

E ¼ 1p
2kd

(16)

The E (kJ/mol) value gives the information about
sorption type, physical or chemical. If E < 8 kJ/mol,
the adsorption process was physical in nature and in
the 8–16 kJ/mol range, and it was chemical in nature
[41].

3. Results and discussion

3.1. Characterization of the product

Fig. 1(a) shows the SEM images of raw RS sample.
As shown in Fig. 1(a), the surface of untreated RS was
homogeneous, smooth, and flat. After activation, the
surface was rough and porous in nature (Fig. 1(b)), it
is due to the dehydrating action of activating agent,
which leads to the porosity development.

Fig. 2(a) and (b) show the FTIR absorption spectra
of RS and RSAC. A broad band at around 3,420 cm−1

is attributed to hydroxyl (OH) stretching of cellulose
and lignin in macro-molecular association. The bands
around 2,920 cm−1 are assigned to the asymmetric and
symmetric stretching, respectively, of the CH2-group,
which constitutes the majority of the aliphatic frac-
tions of the waxes on the rice straw surface [42]. The
band in the region of 1,600 (1,622 and 1,624 cm−1) is
due to the vibration of aromatic rings present in lignin
[43]. The 1,427 cm−1 band attributed to lactone struc-
ture. The 1,100 cm−1 peak corresponds to C–O stretch-
ing vibration and O–H bending modes of alcoholic,
phenolic, and carboxylic groups [44]. The peak at
1,060 and 1,093 cm−1 that is dominant in RS and RSAC
samples due to C–O–C type structure [45]. The FTIR
spectrum of RSAC (Fig. 2(b)) indicates significant
changes after activation. These shifts in peak frequen-
cies indicate that there were binding processes taking
place on the surface of carbon. In Fig. 2(c), the changes
in peaks intensity show that a binding process was
taken place on the surface of the adsorbents after
sorption of MB.

3.2. Effect of the solution pH on the adsorption

The initial pH plays an important role in the sur-
face binding sites of the adsorbents and the whole
adsorption process. In this work, 50 mL of dye solu-
tion of 40 mg/L initial concentration in the pH range
of 3–11 was agitated with 0.05 g of RSAC. At lower
pH, H+ may compete with dye ions for the adsorption
sites of adsorbent surface, because MB is a cationic
dye. Therefore, due to strong repulsive force between
dyes and adsorbent, the dye ions uptake was
decreased on the surfaces of the adsorbent with the
decrease in pH. For higher pH, the competing effect
of H+ ions decreased and the positively charged dye
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ions hook up the free binding sites [46]. According
Fig. 3(a), increase dye solution pH from 3 to 11 leads
to the improvement in the adsorption removal per-
centage of MB from 94.37 to 97.5.

The mechanism of MB adsorption by RSAC may
be accomplished through both the hydrogen bonding
and electrostatic attractions with surface hydroxyl
groups which can be given as [47]:

AC–O–H ! AC–O� þHþ

AC–O� þMBþ ! ðACOÞ�MB

3.3. Effect of particle size on the adsorption

The effect of adsorbent particle size for an initial
MB concentration of 40 mg/L is shown in Fig. 3(b).
The experiments were carried out using RSAC with

different particle sizes (125–297 μm). The result shows
that adsorption increases with an increase in particle
size of RSAC. It is obvious that smaller adsorbent par-
ticles, which have greater solid–liquid interfacial area,
will have the higher adsorption rates. This may be
due to an increase in the accessibility of the adsorbate
to the pores of the adsorbent with the decrease in
adsorbent particle size.

3.4. Effect of adsorbent dosage on the adsorption

Adsorbent dosage also plays an important role in
the adsorption process, because it determines the
capacity of an adsorbent for a given initial concentra-
tion of the adsorbate. Effect of adsorbent dosage was
studied using a dose of RSAC from 0.03 to 0.1 g/L
that was shown in Fig. 3(c). The effect of adsorbent
dosage was studied on dye ion removal, the other
parameters were fixed. According to Fig. 3(c), as the

Fig. 1. SEM image of (a) RS and (b) RSAC.

Fig. 2. FTIR spectrum of (a) RS, (b) RSAC, and (c) RSAC after sorption of MB.
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Fig. 3. (a) Effect of pH on the sorption of MB, (b) effect of adsorbent particle size on the sorption of MB, (c) effect of
adsorbent dosage on the sorption of MB, and (d) effect of contact time on the sorption of MB.

Fig. 4. (a) Effect of initial dye concentration on the sorption of MB, (b) effect of stirring speed on the sorption of MB, and
(c) effect of temperature on the sorption of MB.
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RSAC concentration increases, percentage adsorption
generally increases, but the amount adsorbed per unit
mass of the RSAC decreases considerably. The
decrease in unit adsorption with increase in the dose

of RSAC is basically due to adsorption sites remaining
unsaturated during the adsorption reaction.

3.5. Effect of contact time on the adsorption

Equilibrium time is one of the most important
parameters in the design of economical wastewater
treatment systems. These experiments have been car-
ried out at variation of time of contact (0–40 min).
After every contact time, one sample was removed

Fig. 5. Adsorption kinetic models for sorption of MB (a) pseudo-first-order, (b) pseudo-second-order, (c) intra-particle
diffusion, and (d) Elovich model.

Table 1
The adsorption kinetics of MB

Model Parameter Adsorbent (RAC)

Pseudo-first-order qe(exp) (mg/g) 39.992
qe (mg/g) 25.351
K1 (min−1) 0.128
R2 0.962

Pseudo-second-order qe(exp) (mg/g) 39.992
qe (mg/g) 41.667
K2 (g/mg min) 0.020
R2 0.995

Intra-particle diffusion Ki (mg/g min) 6.850
I (mg/g) 9.530
R2 0.844

Elovich α (mg/g min) 1.163
β (mg/g) 9.006
R2 0.786

Fig. 6. Changes of ΔG˚ (kJ/mol) vs. temperature (K).
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and filtered immediately and the filtrate was analyzed.
The result showed that the adsorption of dye ion ini-
tially increases with increasing the contact time and
then the percentage removal almost constant, i.e.
adsorption reaches equilibrium. The time taken to
reach the equilibrium was 25 min for RSAC (Fig. 3(d)).

3.6. Effect of initial dye concentration on the adsorption

The effect of initial dye concentration (between 20
and 60 mg/L) on the adsorption of MB onto the RSAC
was studied and the results were shown in Fig. 4(a).
The adsorption capacity of RSAC increased with
increasing initial dye concentration and also percent
adsorption decreased with the increase in initial dye
concentration. It means that the adsorption is highly

dependent on initial concentration of MB. Because at
lower dye concentration, the ratio of the initial num-
ber of dye molecules to the available adsorbent sites is
low and subsequently the fractional adsorption
becomes independent of initial dye concentration.
However, at high dye concentration the available sites
of adsorption becomes fewer and therefore, the per-
centage removal of MB is dependent upon initial its
concentration.

3.7. Effect of stirring speed on the adsorption

Agitation is an important factor in the adsorption
phenomena influencing the distribution of the solute
in the bulk solution and formation of the external
boundary film. The effect of adsorption of MB onto

Table 2
Thermodynamic parameters for the adsorption of MB

ΔH˚ (kJ/mol) ΔS˚ (kJ/mol K)

ΔG˚ (kJ/mol)

293 K 303 K 313 K 323 K 333 K

22.73 0.104 −7.819 −9.069 −10.019 −11.252 −11.960

Fig. 7. Langmuir isotherm plots (a) Type 1; (b) Type 2; (c) Type 3; (d) Type 4.
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RSAC was studied at different stirring speeds
(between 130 and 160 rpm). As shown in Fig. 4(b), the
adsorbed dye by RSAC increased with the increase in
stirring speed, because all binding sites were available
for further adsorption the external mass transfer
coefficient increases.

3.8. Effect of temperature on the adsorption

The temperature can affect the adsorption rate. In
this study, the effect of temperature on MB adsorption
was investigated in the range of 293–333 K. Fig. 4(c)
shows the percentage removal of RSAC increased
from 96.12 to 98.69, when the temperature was
increased from 293 to 333 K. The maximum MB
adsorption capacity observed at 333 K was 39.47 mg/g
for RSAC. These results are attributed to the increased
mobility of MB ions with increasing temperature. With
increasing reaction temperature in solution, the
amount of nonprotonated functional groups on the

adsorbent increases due to the increase in the dissocia-
tion constant of the protonated hydroxyl groups.
Increasing the temperature is known to increase the
rate of diffusion of the adsorbate molecules across the
external boundary layer and in the internal pores of
the adsorbent particle, owing to the decrease in the
viscosity of the dye solution. In addition, changing
temperature will change the equilibrium capacity of
the adsorbent for a particular adsorbate [48].

3.9. Adsorption kinetic study

In order to investigate the adsorption behavior of
MB on RSAC, four kinetic models such as pseudo-
first-order, pseudo-second-order, intra-particle diffu-
sion, and Elovich model were used. As seen from
Fig. 5, the pseudo-second-order model was found to
be more suitable since the values of regression coeffi-
cients (R2) could be regarded as a measure of the
appropriate fit of experimental data on the kinetic

Fig. 8. (a) Freundlich isotherm plot, (b) Temkin isotherm plot, and (c) Dubinin–Radushkevich isotherm plot.

21100 S. Mashhadi et al. / Desalination and Water Treatment 57 (2016) 21091–21104



models. The corresponding parameters calculated
according to the models and values of regression coef-
ficients were tabulated in Table 1. The measured
kinetic data of MB adsorbed by RSAC fitted the
pseudo-second-order model with a correlation coeffi-
cient of 0.995. This means that the adsorption pro-
cesses were controlled by the chemical process [49].

3.10. Adsorption thermodynamic study

The investigation of temperature which was
expected to have a significant influence on MB
adsorption onto RSAC was carried out at the range of
293–333 K. Under different temperatures, the adsorp-
tion capacities of the RSAC for MB were measured
individually at pH 7.0 with 0.05 g of RSAC and
40 mg/L of initial MB concentration.

The changes of ΔG˚ (kJ/mol) vs. temperature (K)
are shown in Fig. 6. The values of ΔG˚ increase by
increasing of temperature that shows the feasibility of
adsorption of MB adsorption onto RSAC. The values
of ΔS˚ (kJ/mol K) and ΔH˚ (kJ/mol) calculated from

Eq. (8) are given as 0.104 kJ/mol K and 22.73 kJ/mol,
respectively. All thermodynamic parameters were tab-
ulated in Table 2. The negative values of ΔG˚ and the
positive value of ΔH˚ indicated that the process was a
spontaneous adsorption process and endothermic [50].
The ΔH˚ positive value might be caused by the
removal of water molecules from the solid–solution
interface and from the hydrated dye ions [51]. It also
indicates that the adsorption of MB onto RSAC is
physical adsorption with no chemical bond formation.
The positive ΔS˚ value for MB adsorption on RAC is
due to increasing randomness at the solid–solution
interface during the adsorption process [52].

3.11. Adsorption isotherm study

The adsorption isotherm of RSAC for MB was
investigated at 298 K and the data were analyzed by
Langmuir (four types), Freundlich, Temkin, and
Dubinin–Radushkevich equations, respectively.

The linear fitting of the adsorption isotherms is
shown in Figs. 7 and 8. The fitting constants and
regression coefficients (R2) are tabulated in Table 3. As
can be seen from this Table, adsorption of MB by
RSAC can be made fit using Type 1, Type 2, Type 3,
and Type 4 Langmuir equations. Also, Type 1 equa-
tion offers a best correlation factor (R2 = 0.988). The R2

values indicate that the Langmuir isotherm model was
well fitted and in good agreement with the experimen-
tal data better than that of the other models at this
temperature. Therefore, the adsorptions of MB onto
RSAC were monolayer uniform adsorptions [45]. The
results of MB adsorption onto various adsorbents from
different researchers were shown in Table 4 [53–67].
The differences of MB uptake onto various adsorbents
were due to the properties (function groups, particle
size, surface area, etc.) of them.

3.12. Desorption of MB from the sorbent

Desorption studies were carried out by batch pro-
cess. After the adsorption process is done, for desorp-
tion experiments, 0.1 M H2SO4has been used. In order
to show the reusability of the RSAC, adsorption–des-
orption cycle of MB dye was repeated five times using
the same instruction. At first, 50 mL of 40 mg/L MB
dye solution was stirred with 0.06 g of RSAC at 25˚C
for 1 h. After 1 h, the RSAC was washed several times
with deionized water to remove excess of dye. Then,
RSAC was treated with 50 mL of 0.1 M H2SO4 solution
in another flask. The flask was again stirred at 25˚C in
order to desorb MB for 1 h. The solution was then fil-
tered with Whatman filter paper number 42 and the

Table 3
The adsorption isotherms of MB

Model Parameter Adsorbent (RAC)

Langmuir
Type 1 b (L/mg) 8

qm (mg/g) 62.5
R2 0.988

Type 2 b (L/mg) 8
qm (mg/g) 62.5
R2 0.941

Type 3 b (L/mg) 8.696
qm (mg/g) 58.34
R2 0.870

Type 4 b (L/mg) 7.556
qm (mg/g) 61.157
R2 0.870

Freundlich KF 52.240
1/n 0.297
n 3.367
R2 0.900

Temkin AT 118.155
BT 10.97
R2 0.954

Dubinin–Radushkevich KDR 0.021
qmax 56.543
E 4.878
R2 0.952
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filtrate was analyzed for MB dye desorbed by RSAC.
As shown in Fig. 9, desorption was 93.25% up to
the third regeneration cycle. However, desorption
decreased up to 88.98% in the fifth cycle.

4. Conclusion

Activated carbon prepared from rice could be used
as an effective adsorbent for the efficient removal of
MB from aqueous solution. The equilibrium time for
rapid adsorption of MB from aqueous solutions was
reached within 25 min of contact time and the kinetics

data showed better applicability for pseudo-second-
order model. The isotherm study indicated that
adsorption data were best described by the Langmuir
isotherm model as is evident from the high R2 value
of 0.988. The maximum monolayer adsorption capaci-
ties for the removal of MB using RSAC adsorbent was
found 62.5 mg/g at an initial pH of 7 and a tempera-
ture of 298 K. The negative value of ΔG˚ and the
positive values of ΔH˚ (22.73 kJ/mol) and ΔS˚
(0.104 kJ/mol K) show that the adsorption process is a
spontaneous physical adsorption process, which is
endothermic and entropy driven. The results indicate
that RSAC adsorbent could be employed as an effec-
tive and promising adsorbent for the removal of MB
from aqueous solutions.
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