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ABSTRACT

In this study, activated clay was used as adsorbent for the removal of methyl orange
(MO) from aqueous solution in a batch system. Experiments were carried out as a func-
tion of contact time, initial concentrations of solution, adsorbent dosage, solution pH, and
temperature, and consequently, optimum condition of adsorption was obtained. The equi-
librium adsorption data of MO on activated clay were analyzed by Langmuir, Freundlich
and Temkin isotherm models, the results indicate that Langmuir and Temkin models
provide better correlation of the experimental data. The pseudo-first-order, pseudo-second-
order and Elovich kinetics models were used to analyze the kinetics data obtained at
different concentrations. Among the kinetics models studied, the pseudo-second-order
model was the best applicable model to describe the adsorption of MO onto activated clay.
The values of Gibbs free energy of adsorption (DG˚) were found to be �7.462 kJmol�1, the
negative value indicated the spontaneity of the adsorption process of MO onto
activated clay. The values of DH˚ and DS˚ were found to be �12.289 kJmol�1 and
�16.474 Jmol�1 K�1, respectively. The negative value of DH˚ reveals the adsorption is exo-
thermic, and the negative value of DS˚ suggests that the confusion degree of adsorption
process is decreasing.
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1. Introduction

Dye is used in many industries such as food,
paper, carpet, rubbers, plastics, and textiles. The dis-
charge of colored wastewater from these industries
causes many significant environmental problems. It
is reported that approximately 5 ton of dye dis-

charge from dyes and coloration industries every
year [1]. Methyl orange (MO) is representative con-
tamination in industrial wastewater and shows poor
biodegradability. Hence, treatment technologies, such
as biological treatment, adsorption technology, air
striping and incineration, have been used to treat
wastewater containing this pollutant [2]. Adsorption,
as one of physical/chemical methods, is considered
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superior to other methods. And activated carbon is
the most effective adsorbent with high surface and
can be regenerated, but it is limited due to the
high operation costs, and this is a major economic
consideration in any large-scale remediation applica-
tion [3].

Recently, attention has focused on the develop-
ment of low-cost adsorbent for the application con-
cerning treatment of wastewater, such as coal fly ash
[4], sepiolite [5], montmorillonite [6], agricultural
waste [7], unburned carbon [8], low-rank coal [9], and
clays [10]. Clay mineral, as a low cost and easily avail-
able absorbent, can serve as an alternative for more
costly wastewater treatment processes. Clays are a
group of microcrystalline secondary minerals consist-
ing of a variety of phyllosilicate minerals rich in vari-
able amounts of structural water with sheet-like
structures. They are highly valued for their adsorptive
properties, which stem from their high surface area
and their tendency to adsorb water in the interlayer
sites [11].

The adsorption mechanism of activated clay and
resin has been studied in wastewater treatment in
these decades. For example, adsorption kinetics and
thermodynamic parameters of cationic dyes from
aqueous solutions by using a new strong cation-
exchange resin [12], studies on the MO adsorption
have been also reported on other adsorbents such as
modified ultrafine coal powder [13]. However, resin,
coal powder, and other adsorbents are expensive,
especially the polymer resin. So in this study, acti-
vated clay, with extensive sources and low costs, was
used as adsorbent for the removal of MO from aque-
ous solution in a batch system.

In this study, the influence factors of adsorption of
MO onto activated clay and the adsorption thermody-
namics and kinetics were discussed, and this will pro-
vide theoretical basis for industrial application of
activated clay in wastewater treatment.

2. Materials and methods

2.1. Reagents

All chemicals and reagents used of analytical
grade and employed without further purification. MO
(Fig. 1) is obtained from Tianjin Chemical Reagent Co.
China. Activated clay was purchased from Huangshan
Taike activated bleaching earth, Ltd. China.

2.2. Experimental methods

2.2.1. The pretreatment of activated clay

Before use, the activated clay dried at 363K for 4 h
in the DZF-6060 vacuum oven (Shanghai Jinghong
Experimental Equipment Co. Ltd.), transferred to the
pharmaceutical bottle and sealed.

2.2.2. Analysis method

The concentration of MO solution was determined
using a double-beam UV–vis spectrophotometer (UV-
7504, Shanghai Xinmao Instruments Co., Ltd., China).
The MO solution for 50–250mg l�1 was prepared with
volumetric flasks (100ml) and determined by spectro-
photometer at the maximum absorbency visible wave-
length (465 nm).

2.2.3. Adsorption process

Adsorption process was performed in a set of
Erlenmeyer flasks where solution of MO with certain
concentration and amount, and then, activated clays
were introduced. When it was reached to equilibrium,
the solution was centrifuged with 800-centrifuge
(Maximum speed of 4,000 rmin�1, Shanghai Pudong
Physical Optical Factory, China), the absorbance of
supernatants was determined by spectrophotometer,
and then, the concentration was calculated by the
standard curve equation. According to the results and
Eqn. (1), the equilibrium adsorption quantity of MO
onto the activated clay were calculated.

qe ¼ ðco � ceÞV
m

ð1Þ

where qe (mgg�1) was equilibrium adsorption quan-
tity; co (mg l�1) and ce (mg l�1) are the liquid-phase
concentrations of MO at initial and equilibrium,
respectively, V the volume of the solution (l), and m is
the mass of dry adsorbent used (g).

3. Results and discussion

3.1. Factors of affecting adsorption

3.1.1. Effect of initial pH on adsorption process

The initial solution pH affects not only the existing
form of MO molecule in solution but also the surface
structure and chemical properties of absorbents. The
adsorption behavior of MO on activated clay was
studied over a wide pH range of 3.0–11.0. The effect
of pH on adsorption of MO was carried out at initialFig. 1. MO structure.
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MO concentration of 250mg l�1 at 293K as shown in
Fig. 2. It was found that the highest adsorption capac-
ity of MO occurred at pH 3–7, and the color removal
over 95%. The adsorption capacity and color removal
of MO decreased sharply when pH increased higher
than 7.0. The effect of solution pH on the removal of
MO from aqueous solution by adsorption can be
explained by two reasons. On one hand, activated clay
was prepared from bentonite by acid activation,
according to the preparation principles of activated
clay, H+ in the solution can increase the specific sur-
face area [14] and charge distribution of activated
clay, so the solution pH value can affect the adsorp-
tion performance of activated clay; on the other hand,
the pKa of MO was 3.46, when solution pH less than
pKa, the existing form of MO was ionic form, and it
was easily absorbed by the absorbent with charge, so
the adsorption capacity of activated clay was
increased [15]. However, considering the wastewater
discharge standard, it is more appropriate that the pH
of MO solution was 7.0.

3.1.2. Effect of activated clay dosage on MO adsorption

The effect of absorbent dosage on adsorption
capacity of activated clay was studied at 0.25, 0.5,
0.75, 1.0, and 1.25 g at initial MO concentration
250mg l�1 at pH 7.0 and 293K. As seen in Fig. 3, the
removal efficiency of activated clay increased with the
increasing dosage of the absorbent, indicating that the
higher dose of adsorbent, the greater availability of
adsorption sites for the pollutant. The color removal
of MO on the activated clay increased from 52 to 94%
with an increasing in adsorbent dosage from 5 to
25 g l�1. However, it is showed that the adsorption
capacity of absorbents was decreased with an increase
in adsorbent dosage from 5 to 25 g l�1, suggesting that
the utilization efficiency of absorbent was highest

when the dosage is 5 g l�1, so activated clay dosage
fixed 5 g l�1 in the following experiments.

3.1.3. Effect of initial concentration, temperature, and
contact time on MO adsorption

The initial dye concentration provides an impor-
tant driving force to overcome all mass transfer resis-
tances of the dye molecules between the aqueous and
solid phases. Hence, a higher initial concentration of
dye will enhance the adsorption process [16]. It
should be noted that the initial dye concentration on
an effluent was important since a given mass of the
adsorbent can adsorb only a fixed amount of dye. The
adsorption capacity at equilibrium (qe) increased from
6.0 to 15.0mgg�1 when the initial MO concentration
was increased from 40 to 120mg l�1 (Fig. 4). This is
because that the higher the initial concentration of
solution, the more the concentration difference
between the solution and the absorbent surface, and
the more MO molecules were adsorbed. Therefore,

Fig. 2. Effect of pH on MO adsorption onto activated clay.

Fig. 3. Effect of absorbent dosage on adsorption capacity.
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Fig. 4. Effect of initial concentrations on adsorption
capacity at 293K.
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increasing the initial concentration of solution would
lead to the mass transfer driving force increase.

The effect of temperature on the equilibrium
adsorption capacity of absorbent is displayed in
Fig. 5. Various temperatures at 293, 303, and 313K
were taken and adsorption of MO was achieved at
adsorbent dose 5 g l�1 and pH 7.0. The adsorption
capacity was reduced with the increasing of tempera-
ture, indicating that the adsorption process of MO
onto activated clay is exothermic in nature. This is
expected due to the fact that the higher temperature
of solution, and the more thermal motion of the MO
molecules, which then weakening the adsorptive
forces between the active sites of the adsorbent and
adsorbate species, and also between the adjacent mol-
ecules of the adsorbed phase [17]. The adsorption
capacities of activated clay were 11.61, 11.59, and
10.79mgg�1 at 293, 303, and 313K, respectively. The
optimum temperature for MO adsorption on activated
clay was found to be 293K within the temperature
range studied.

The equilibrium adsorption time of MO on the
activated clay was also investigated (Figs. 4 and 5). At
the beginning of adsorption, the slope of curve is
extremely great, then the process quickly reach equi-
librium at almost 30min for initial concentration less
than 80mg l�1 and over 30min for higher concentra-
tion. This may be due to that in the initial of adsorp-
tion procedure, all the active sites are vacant, and the
competition among MO molecules is weak [18]. So
adsorption rate is exceedingly quick and the increas-
ing of adsorption capacity is extremely fast. When the
adsorption of the exterior surface reached almost satu-
ration, the MO ions entered into the pores of adsor-
bent and were adsorbed by the interior surface of the
particles. This process takes relatively long contact
time. So the adsorption capacity of absorbents keeps

almost a constant value. Consequently, the adsorption
of dyes was carried out in two distinct stages, a rela-
tively rapid one followed by a slower one.

3.2. Adsorption isotherms

It was found that the adsorption capacity at equi-
librium (qe) of MO onto activated clay increased with
the increasing of concentration at equilibrium (ce) as
shown in Fig. 6. It can also found that the adsorption
capacity of absorbent was reduced with the tempera-
ture increasing for the same concentration of MO,
which can be explained that the process of adsorption
was exothermic. Analysis of equilibrium data is
important for developing an equation or a model that
can be used to compare different sorbents under dif-
ferent operational conditions and to design and opti-
mize the operating procedure [19,20]. Three isotherm
models, Langmuir, Freundlich and Temkin have been
used to describe the equilibrium characteristics of
adsorption.

The Langmuir sorption isotherm [21] is an idea
adsorption equation, which describes the uniform sur-
face, adsorbed molecules without interaction, and
monolayer adsorption. Its scope of application is
extensive, but it is suitable for physical adsorption.
And for the adsorption of solid in the solution, Lang-
muir sorption isotherm widely used for the sorption
of a pollutant from a liquid solution assuming that
the sorption takes place at specific homogeneous sites
within the adsorbent. It has produced good agreement
with a wide variety of experimental data and may be
represented as follows:

qe ¼ qmKLce
1þ KL

ð2Þ
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Fig. 5. Effect of temperature on adsorption capacity at
80mg l�1.

Fig. 6. The adsorption curves of MO onto activated clay at
different temperature.

Q. Ma et al. / Desalination and Water Treatment 51 (2013) 3700–3709 3703



The above equation can be rearranged to the follow-
ing linear form:

ce
qe

¼ 1

qmKL

þ ce
qm

ð3Þ

where ce is the equilibrium concentration (mg l�1), qe
the amount of adsorbate adsorbed (mgg�1), qm the
monolayer capacity (mgg�1), and KL is the adsorption
equilibrium constant (lmg�1). By plotting ce/qe vs. ce
at 293, 303 and 313K, respectively, the adsorption
coefficients could be evaluated. The qm and KL thus
determined from the Langmuir isotherm were showed
in Table 1.

Freundlich isotherm [22] is an empirical formula,
and generally, its scope is wider than that of Lang-
muir isotherm, and its characteristics are not saturated
adsorption value. It is assumed that the stronger bind-
ing sites are occupied first and that the binding
strength decreases with the increasing degree of site
occupation. Freundlich isotherm can be used for the
physical adsorption and chemical adsorption. The iso-
therm is expressed by the following equation:

qe ¼ KFc
1=n
e ð4Þ

where KF ((mgg�1) (mgL�1)�1/n) and n are the
Freundlich constants that point to relative capacity
and adsorption intensity, respectively. In general, as
the KF value increases the adsorption capacity of
adsorbent for a given adsorbate. When the 1/n less
than unit, adsorption is easy, otherwise, adsorption is
difficult. The Freundlich equation can be linearized by
taking logarithms:

log qe ¼ logKF þ 1

n
ce ð5Þ

The constants can be determined as shown in Fig. 8.
And according to the Freundlich isotherm, the value
of 1/n and KF were determined as Table 1 shown.

The Temkin isotherm [23] assumes that the fall in
the heat of adsorption is linear rather than logarithmic,
as implied in the Freundlich equation. The adsorption

is characterized by a uniform distribution of binding
energies, up to some maximum binding energy. The
Temkin isotherm model can be expressed as follows:

qe ¼ Aþ B ln ce ð6Þ

where B=RT/b, B is the Temkin constant related
to heat of sorption (Jmol�1), A is the Temkin iso-
therm constant (l g�1), R is the gas constant

Table 1
The summary of isotherm parameters for MO on activated clay

T (K) Langmuir Freundlich Temkin

B (lmg�1) qm (mg g�1) RL R2 KF n R2 A B R2

293 0.194 15.85 0.094 0.9975 3.627 2.346 0.9791 2.055 3.536 0.9881

303 0.199 13.63 0.091 0.9982 3.299 2.382 0.9816 1.893 3.083 0.9986

313 0.120 16.78 0.143 0.9974 2.819 2.090 0.9954 0.214 3.850 0.9951

Fig. 7. Langmuir isotherm for MO adsorption onto
activated clay at different temperature.

0.4 0.6 0.8 1.0 1.2 1.4
0.6

0.7

0.8

0.9

1.0

1.1

1.2

 lo
gq

e

logce

293K
303K
313K

Fig. 8. Freundlich isotherm for MO adsorption onto
activated clay at different temperature.
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(8.314 Jmol�1 K�1) and T is the absolute temperature
(K). Therefore, a plot of qe vs. ln ce (at 293, 303 and
313K, respectively) enables one to determine the con-
stants A and B as shown in Fig. 9. The constants A
and B are recorded in Table 1.

Combined with Figs. 7–9 and Table 1, it can be
seen that all of R2 were satisfactory, and R2 of Lang-
muir isotherm is higher than that of Freundlich iso-
therm and revealed that the Langmuir isotherm can
descript accurately the adsorption of MO onto acti-
vated clay. According to Langmuir equation, the cal-
culated maximum adsorption capacity (qm) was
13.624–16.779mgg�1 in different temperature range,
indicating that activated clay has excellent adsorption
performance. In light of Temkin isotherm, its correla-
tion coefficients (R2) were 0.9881, 0.9986, and 0.9951 at
293, 303, and 313K, respectively, which confirms the
better fit of equilibrium data as compared with the
Freundlich isotherm model. But Temkin isotherm
model is not as good as Langmuir, as can be seen
from the reported values of coefficient of determina-
tion (R2). Summing up, it was deemed that the
adsorption of MO onto activated clay is monolayer
adsorption. The equilibrium parameter RL in Table 1
is defined as RL= 1/(1 + bc0) [24]. Where c0 is the initial
concentration of adsorbate (mg l�1) and b (lmg�1) is
the Langmuir constant. The parameter RL indicates
the nature of shape of the isotherm accordingly: RL>1,
unfavorable adsorption; when 0<RL< 1, the preferen-
tial adsorption; RL= 0, the irreversible adsorption;
RL= 1, linear adsorption. The values of RL were
0.0935, 0.0913, and 0.143 at 293, 303, and 313K, respec-
tively, listed in Table 1 in this experiment has been
found 0<RL< 1. Therefore, the sorption process was
very favorable and the adsorbent employed exhibited
a good potential for the removal MO from aqueous
solution [25].

3.3. Adsorption kinetics

In order to further study the mechanism of adsorp-
tion, the adsorption capacity of activated clay at dif-
ferent temperature (293, 303, and 313K) and initial
concentration of MO solution (40, 80, and 120mg l�1)
were investigated and the kinetic data were modeled
using Lagergren pseudo-first-order [26,27], pseudo-
second order [28,29] and Elovich kinetics equations
[30].

3.3.1. Lagergren pseudo-first-order kinetics model

The adsorption rate constant was calculated by
using Lagergren pseudo-first-order model, equation
was expressed as follows:

dt

dqt
¼ K1ðqe � qtÞ ð7Þ

where qe and qt are the amounts of MO adsorbed at
equilibrium and at time t in mgg�1, respectively, and
K1 (1min�1) is the pseudo-first-order rate constant.
The integration of Eq. (7) with the initial condition,
qt= 0 at t= 0 leads to:

logðqe � qtÞ ¼ log qe � K1

2:303
t ð8Þ

As such, the value of log(qe� qt) were calculated at
different temperature (293, 303, and 313K) and initial
concentration of solution (40, 80, and 120mg l�1) and
showed in Figs. 10 and 11, according to the intercept
and the slope of line, qe cal, K1 and the correlation
coefficient (R2) was calculated and showed in Table 2.
The value of R2 approximately was equal to 0.7, much
less than 0.99, indicated that pseudo-first-order equa-

0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

5

6

7

8

9

10

11

12

13
q e

(m
g/

g)

lnce

293K
303K
313K

Fig. 9. Temkin isotherm for MO adsorption onto activated
clay at different temperature.

Fig. 10. Pseudo-first-order kinetics for MO at different
temperature.
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tion can not accurately describe the adsorption pro-
cess of MO onto activated clay.

3.3.2. Pseudo-second-order kinetics model

The pseudo-second-order kinetics model can be
represented in the following form:

dqt
dt

¼ K2ðqe � qtÞ2 ð9Þ

where qe and qt are the adsorption capacity at equilib-
rium and at time t, respectively, (mgg�1) and K2

(gmg�1min�1) is the rate constant of pseudo-second-
order sorption. For the boundary conditions t= 0 to
t= t and qt= 0 to qt= qt, the integrated and rearranged
form of Eq. (9) as follows:

t

qt
¼ 1

K2q2e
þ 1

qe
t ð10Þ

By plotting t/qt� t (Figs. 12 and 13), qe and K2 can be
determined from slope and intercept and listed in

Table 3. The value of correlation coefficient (R2) over
0.99 was obtained, so the pseudo-second-order
kinetics model can describe excellently the adsorption
process.

Fig. 12. Pseudo-second-order kinetics for MO at different
temperature.

Fig. 13. Pseudo-second-order kinetics for MO at different
initial concentration.

Table 3
Kinetic parameters for pseudo-second-order kinetic models

Pseudo-second-order kinetic model qe (mg g�1)
(experimental)

T (K) k2 qe (mgg�1) R2

293 0.1053 11.4377 0.9996 11.6144

303 0.1124 11.5115 0.9997 11.5878

313 0.1988 10.7933 0.9998 10.7918

c0 (mg l�1) k2 qe (mgg�1) R2 qe (mg g�1)

40 0.1793 5.7392 0.9989 5.9757

80 0.1053 11.4377 0.9996 11.6144

120 0.0495 13.8889 0.9986 14.5202

Table 2
Kinetic parameters for pseudo-first-order kinetic models

Pseudo-first order kinetic models qe (mg g�1)
(experimental)

T (K) KL qe (mg g�1) R2

293 0.0525 3.1637 0.7167 11.6144

303 0.0554 3.0301 0.7659 11.5878

313 0.0674 2.0379 0.7205 10.7918

c0 (mg l�1) KL qe (mg g�1) R2 qe (mg g�1)

40 0.0375 1.8113 0.6349 5.9757

80 0.0525 3.1637 0.7167 11.6144

120 0.0376 5.5406 0.7343 14.5202

Fig. 11. Pseudo-first-order kinetics for MO at different
initial concentration.
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3.3.3. Elovich kinetics equation

Elovich kinetics equation was expressed as fol-
lows:

dqt
dt

¼ a expð�bqtÞ ð11Þ

where a (mgg�1min�1) is the initial adsorption rate
and b (gmg�1) is the desorption constant related to
the extent of the surface coverage and activation
energy for chemisorptions. Eq. (11) is simplified by
assuming a, b� t and by applying the boundary
conditions qt= 0 at t= 0 and qt= qt at t= t, as given by
Eq. (12):

qt ¼ 1

b
lnðabÞ þ 1

b
ln t ð12Þ

By plotting qt� ln t at different temperature (293, 303,
and 313K) and different concentration (40, 80,
120mg l�1), respectively, the results were showed in
Figs. 14 and 15. According to the intercept and slope
of the curve, the value of a, b, and R2 were calculated
and displayed in Table 4. The values of R2 indicate
that the correlation of Elovich kinetics equation was
more moderate than that of pseudo-first-order model,
but much poorer than that of pseudo-second-order
model.

Based on the above discussion, it was observed
that the pseudo-second-order kinetics model can
descript the adsorption of MO onto activated clay
well. The value of correlation coefficient (R2) of the
pseudo-first-order equation exceeded 0.998. In addi-
tion, the adsorption capacity (qe cal) that was calcu-
lated by the theoretical pseudo-first-order equation
was close to the qe derived from the experiment. So it
can be concluded that the adsorption process of MO
onto activated clay was more in line with the mecha-

nism of pseudo-second-order model. Moreover, the
adsorption rate increased and the adsorption capacity
decreased with temperature increasing, this was iden-
tical with the result of experiment. In addition,
adsorption rate decreased with the increase in initial
concentration, it was due to the fact that the adsorp-
tion of MO onto activated clay is monolayer adsorp-
tion and competition were existed in the dye
molecules in solution, when the initial concentration
increased the competition intensified, so it resulted in
the adsorption rate reduced.

3.4. Determination of thermodynamic parameters

Arrhenius relationship can be used to calculate the
activated energy of adsorption, which was expressed
as follows:

ln k2 ¼ lnA� Ea

RT
ð13Þ

where k2 is the pseudo-first-order constant
(gmg�1min�1); Ea (kJmol�1) is the ArrheniusFig. 14. Elovich kinetics for MO at different temperature.

Fig. 15. Elovich kinetics for MO at different initial
concentration.

Table 4
Kinetics parameters for Elovich kinetics model

Elovich kinetics model qe (mg g�1)
(experimental)

T (K) a b R2

293 9.66� 104 1.3816 0.9390 11.6144

303 3.41� 105 1.4891 0.8928 11.5878

313 4.75� 108 2.2933 0.8998 10.7918

c0 (mg l�1) a b R2 qe (mg g�1)

40 2.90� 104 2.6714 0.8660 5.9757

80 3.41� 105 1.3816 0.9390 11.6144

120 1.48� 103 0.8071 0.9605 14.5202
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activation energy of adsorption; A is the Arrhenius
factor; R is the gas constant (8.314 Jmol�1 K�1) and T
is the operated temperature. When ln k2 is plotted
against 1/T (Figure was not shown), a straight line
with slope �Ea/R was obtained. According to the
value of the apparent activated energy of adsorption,
the adsorption process that is a physical adsorption or
chemical adsorption can be determined. Generally
speaking, when Ea was between 5 and 40 kJmol�1, it
was physical adsorption, and if the value of Ea was
more than 40 kJmol�1 [31], it was chemical adsorp-
tion. In this present experiment, Ea= 24kJmol�1 which
was less than 40 kJmol�1, so it was inferred that the
adsorption of MO onto activated clay was physical
adsorption.

In order to evaluate the feasibility and the effect of
temperature better, for MO adsorption onto activated
clay, thermodynamic parameters such as standard free
energy change (DG˚), standard enthalpy change (DH˚),
and standard entropy change (DS˚) were also
obtained. The Gibbs free energy change of adsorption
process was calculated by using the following
equations:

Kc ¼ cAe
ce

ð14Þ

lnKc ¼ �DHo

RT
þ DSo

R
ð15Þ

DGo ¼ DHo � TDSo ð16Þ

where Kc is the equilibrium constant, cAe and ce (both
in mg l�1) are the equilibrium concentration for solute
on the sorbent and in the solution, respectively. R is
the universal gas constant (8.314 Jmol�1K�1) and T
(K) is temperature.

The plot of ln Kc vs. 1/T (Fig. 16) is linear with the
slope and the intercept giving values of enthalpy
change DH˚ and entropy change DS˚, the higher corre-
lation coefficient (R2 = 0.9995) prove the credibility of
the equation fitting. And the value of DH˚, DS˚, and
DG˚ calculated was listed in Table 5. The negative
value of DG˚ at different temperature indicates the
spontaneous nature of MO adsorption onto activated
clay, and the absolute term of DG˚ revealed that the
adsorption trend decrease with the increase in temper-
ature, this was consistent with the result which the
adsorption lessen with increasing in temperature.
Enthalpy change (DH˚ =�12.289 kJmol�1) was nega-
tive, and it was implied that adsorption process of
MO was exothermic. In other words, the high temper-
ature is unfavorable to the progress of adsorption.

And the value of DH˚ is lower than the chemical
adsorption enthalpy values (40–120 kJmol�1) [32], and
it was proved again that the adsorption process was
physical adsorption. The negative value of entropy
change DS˚ was explained that the course of MO
transfer into adsorbent was decreased in confusion
degree.

4. Conclusions

This present investigation shows that the adsorp-
tion of MO from wastewater onto activated clay,
including the factors of affecting adsorption, adsorp-
tion isotherm, adsorption kinetics, and thermodynam-
ics. The experimental results show that the optimum
conditions of adsorption were pH6 7.0, absorbent
dosage 5 g l�1 at 293K for 30min. Langmuir, Freund-
lich and Temkin isotherms were used to describe the
adsorption behavior of MO onto activated clay, espe-
cially, the Langmuir isotherm exhibits the highest cor-
relation with data. The kinetics research has
demonstrated that adsorption process of MO is extre-
mely suitable for the pseudo-second-order model and
physical adsorption, and equilibrium adsorption
capacity decrease with the increasing of temperature.
The negative value of DG˚ signifies the adsorption

Fig. 16. Plot of ln Kc vs. 1/T for MO adsorption on
activated clay.

Table 5
Thermodynamic parameters for the adsorption of MO onto
activated clay

T (K) DG˚
(kJmol�1)

DH˚
(kJmol�1)

DS˚
(Jmol�1 K�1)

Ea

(kJmol�1)

293 �7.462

303 �7.297 �12.289 �16.474 24.0

313 �7.050
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reaction was a spontaneous adsorption. The negative
value of DH˚ indicated the adsorption process was
exothermic, which may be indicated that activated
clay is an effective adsorbent for the removal of MO
from aqueous solutions. As a low-cost natural abun-
dant adsorbent material, activated clay may be an
alternative to more costly adsorbent materials.
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Karaca, The adsorption kinetics of the cationic dye methylene
blue onto clay, J. Hazard. Mater. 131(1–3) (2006) 217–228.

[11] B.H. Hameed, R.R. Krishni, S.A. Sata, A novel agricultural
waste adsorbent for the removal of cationic dye from aqueous
solutions, J. Hazard. Mater. 162(1) (2009) 305–311.

[12] G. Bayramoglu, B. Altintas, M. Yakup Arica, Adsorption
kinetics and thermodynamic parameters of cationic dyes from
aqueous solutions by using a new strong cation-exchange
resin, Chem. Eng. J. 152(2–3) (2009) 339–346.

[13] Z.N. Liu, A.N. Zhou, G.N. Wang, X.G. Zhao, Adsorption
behavior of methyl orange onto modified ultrafine coal pow-
der, Chin. J. Chem. Eng. 17(6) (2009) 942–948.

[14] S. Karcher, A. Kornmuller, M. Jekel, Anion exchange micro-
spheres for removal of reactive dyes from textile wastewaters,
Water Res. 36 (2002) 4717–4724.

[15] L.P. Chen, Experimental research on adsorption of phenol
onto activated clay from wastewater, In. Mongo. Nor. Un.
(Nat. Sci. Ed.). 38 (2009) 430–434.

[16] V.P. Vinod, T.S. Anirudhan, Adsorption behaviour of basic
dyes on the humic acid immobilized pillared clay, Water Air
Soil Pollut. 150 (2003) 193–217.

[17] K.K. Panday, G. Prasad, V.N. Singh, Use of wallastonite for
the treatment of Cu(II) rich effluents, Water Air Soil Pollut.
27 (1986) 287–296.

[18] A. Denizli, N. Cihangir, A.Y. Rad, M. Taner, G. Alsancak,
Removal of chlorophenols from synthetic solutions using Phan-
erochaete chrysosporium, Process Biochem. 39 (2004) 2025–2030.

[19] G. Bayramoglu, S. Bektas, M.Y. Arica, Removal of Cd(II), Hg
(II) and Pb(II) ions from aqueous solution using p(HEMA/
chitosan) membranes, Appl. Polym. Sci. 106 (2007) 169–177.

[20] G. Bayramoglu, M.Y. Arica, Ethylene diamine grafted poly
(glycidyl metha crylateco–methyl methacrylate) adsorbent for
removal of chromate anions, Sep. Purif. Technol. 45 (2005)
192–199.

[21] K.R. Hall, L.C. Eagleton, A. Acrivos, T. Vermeulen, Pore- and
solid-diffusion kinetics in fixed-bed adsorption under con-
stant-pattern conditions, Ind. Eng. Chem. Fundam. 5(2) (1966)
212–223.

[22] H.M.F. Freundlich, Over the adsorption in solution, J. Phys.
Chem. 57 (1906) 385–470.

[23] K.W. Kolasniski, Surf. Sci., Wiley, Chister, 2001.
[24] A.R. Oseroff, D. Ohuoha, G. Ara, D. McAuliffe, J. Foley, L.

Cincotta, Intramitochondrial dyes allow selective in vitro pho-
tolysis of carcinoma cells, Proc. Natl. Acad. Sci. USA 88
(1986) 9729–9733.

[25] A.K. Bhattacharya, S.N. Mandal, S.K. Das, Adsorption of Zn
(II) from aqueous solution by using different adsorbents,
Chem. Eng. J. 123 (2006) 43–51.

[26] S. Lagergren, Der Sogenannten adsorption geloster Stoffe
[About the theory of so-called sorption of soluble substances],
Kungliga Svenska Vetenska psalka de Miens, Handlingar
[K Svenska Vetenskapsakad Handl.] 24(4) (1898) 1–39.

[27] W. Rudzinski, W. Plazinski, Kinetics of solute adsorption at
solid/solution interfaces: A theoretical development of the
empirical pseudo-first and pseudo second order kinetic rate
equations, based on applying the statistical rate theory of
interfacial transport, J. Phys. Chem. B 110 (2006) 16514.

[28] Y.S. Ho, G. McKay, The kinetics of sorption of divalent metal
ions onto sphagnum moss peat, Water Res. 34 (2000) 735.

[29] S. Azizian, Kinetic models of sorption: A theoretical analysis,
J. Colloid Interface Sci. 276 (2004) 47.

[30] S.H. Chien, W.R. Clayton, Application of Elovich equation to
the kinetics of phosphate release and sorption on soils, Soil
Sci. Soc. Am. J. 44 (1980) 265–268.

[31] B. Ozkaya, Adsorption and desorption of phenol on activated
carbon and a comparison of isotherm models, J. Hazard.
Mater. B 129 (2006) 158–163.

[32] M. Alkan, O. Demirbas, S. Celikcapa, M. Dog˘an, Sorption of
acid red 57 from aqueous solution onto sepiolite, J. Hazard.
Mater. 116(1–2) (2004) 135–145.

Q. Ma et al. / Desalination and Water Treatment 51 (2013) 3700–3709 3709




