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In this study, Moroccan crude clay of Safi, which was characterized by X-ray diffraction, is used as adsor-
bent for the investigation of the adsorption kinetics, isotherms and thermodynamic parameters of the
Basic Red 46 (BR46) in aqueous solutions at various dye concentrations, adsorbent masses and pH val-
ues. The results showed that the adsorption capacity of the dye increased by initial dye concentration
and pH values. Two kinetic models (the pseudo-first-order and the pseudo-second-order) were used
to calculate the adsorption rate constants. The adsorption kinetics of the basic dye followed pseudo-
second-order model. The experimental data isotherms were analyzed using the Langmuir, Freundlich
and Dubinin–Radushkevish equations. The monolayer adsorption capacity for BR46 dye is 54 mg/g of
Moroccan clay
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K
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crude clay. Nearly 20 min of contact time was found to be sufficient for the dye adsorption to reach equi-
librium. Thermodynamical parameters were also evaluated for the dye–adsorbent system and revealed
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. Introduction

Dyes are synthetic aromatic compounds which are embodied
ith various functional groups. They are widely used in textile,

eather, paper, plastic, and other industries. Some of these dyes may
egrade to produce carcinogens and toxic products [1]. Thus, the
emoval of dyes from effluents is important for risk assessment.

Several physical or chemical processes are used to treat dye
aden wastewaters. These processes include flocculation, pre-
ipitation, ion exchange, membrane filtration, electrochemical
estruction, irradiation and ozonation. However, these processes
re costly and lead to generation of sludge or formation of by-
roducts [2]. Among the physical methods available, adsorption
rocess is one of the most efficient methods to remove dyes from
astewater, especially if the adsorbent is inexpensive and readily

vailable [3]. Activated carbon is the most widely used adsorbent
or dye removal, but it is too expensive [4], consequently, numer-

us low-cost alternative adsorbents have been proposed including:
eat [5], sepiolite [6], montmorillonite, chitosan and nanocompos-

te [7], and pine sawdust [8]. Clays are mostly used as available
dsorbent and catalyst [9].
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exothermic in nature.
© 2009 Elsevier B.V. All rights reserved.

In the present work, adsorption of Basic Red 46 (BR46) dye
onto Moroccan crude clay has been investigated and the obtained
experimental data were analyzed using adsorption isotherm mod-
els namely, Langmuir, Freundlich, and Dubinin–Radushkevich. The
effect of pH, adsorbent mass and initial dye concentration has been
studied. Kinetic experiments have been also conducted to deter-
mine the rate of BR46 adsorption onto clay.

2. Materials and methods

2.1. Materials

The basic dye used as adsorbate in the present study is C.I. Basic
Red 46 (Mr = 357.5), which was purchased from SDI textile company
(Safi, Morocco). The BR46 molecular structure is shown in Fig. 1. The
clay used in this study was ground from the natural basin of Safi and
sieved to 0.08–0.1 �m size fraction. Then, it was dried at 105 ◦C for
24 h and used for further experiments.

The chemical composition of the adsorbent was determined by
using Philips X’ Cem X-ray fluorescence spectrometer (XRF). The
results are given in Table 1. XRD analyses of the powder sample

were performed using Siemens D-5000 X-ray diffractometer. The
physical properties (including BET, external surface area, total pore
volume and micropore volume, as well as average pore size distri-
bution) of crude clay were obtained by measuring their nitrogen
adsorption–desorption isotherms at −196 ◦C with the use of a sur-

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:mounirbadia@yahoo.fr
dx.doi.org/10.1016/j.jhazmat.2009.02.028
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Fig. 1. Molecular structure of BR46.

Table 1
Mineralogical composition of the crude clay.

Element Percentage (%)

SiO2 53.11
Al2O3 16.95
Fe2O3 5.94
CaO 3.51
MgO 2.51
SO3 0.2
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2O 4.64
a2O 0.26
2O5 0.09

ace area and porosity analyser (model no.: ASAP 2010). The results
re reported in Table 2. All measurements were repeated twice for
he purpose of determining the accuracy of the analytical method.

.2. Methods

.2.1. Adsorption experiments
The adsorption experiments were executed in batch. Pre-

iminary experiments demonstrated that the equilibrium was
stablished in 1 h. A 0.04 g sample of clay was mixed with 100 ml
ye solution of 20 mg/l in batch. Samples of 3 ml of mixture were
ithdrawn from the batch at predetermined time intervals and the

upernatant was centrifuged for 8 min at 2500 r.p.m. The dye con-
entrations were determined from their absorbance characteristics
n the UV–vis range. A spectrophotometer [GBC (Ajax, Ontorio)
V/visible 911] was used for experiments. A linear correlation was
stablished between the dye concentration and the absorbance at
max = 530 nm, in the dye concentration range 0–28 mg/l with a
orrelation coefficient r2 = 0.99. The adsorption capacity of the dye
R46 was calculated as follows: q = [(C − C )V]/W, where q (mg/g)
t 0 t t

s the amount of BR46 adsorbed at contact time t (min), C0 (mol/l)
s the initial dye concentration, Ct is the dye concentration at time
t), and W (g) is the clay amount in the solution.

able 2
urface area and porosity data of the crude clay.

hysical property Value

urface area
Single point surface area at

P/P0 = 0.20044572
42.61 ± 2.02 m2/g

BET surface area 42.43 ± 2.00 m2/g
External surface area 42.43 ± 2.42 m2/g

ore volume
Single point adsorption total pore volume of

pores less than 351.9365 Å radius at
P/P0 = 0.97191728

0.074556 ± 0.004 cm3/g

Micropore volume 0.000439 ± 0.00003 cm3/g

ore size
Adsorption average pore radius (2V/A by BET) 3.437 ± 0.2 nm
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2.2.2. Effect of adsorbent mass
The effects of varying the clay mass on dye adsorption were car-

ried out by adding 10, 20, 40, 50, and 60 mg samples of clay to 100 ml
solution of BR46 aqueous solution having an initial concentration
of 20 mg/l.

2.2.3. Effect of initial pH
Effect of initial pH was investigated for various pH values, which

are 4, 6, 10.3 and 12. In the experiments, a 0.04 g sample of clay was
added to each 100 ml volume of dye aqueous solution having an
initial concentration of 20 mg/l. The pH values were adjusted during
the experiments by adding a few drops of dilute NaOH or HCl. The
point of zero charge (PZC) of the adsorbent was determined using
the method described by Ofomaja [10].

2.2.4. Effect of initial dye concentration
The effect of the initial dye concentration was investigated as

follows: 0.04 g sample of clay was added to 100 ml solution of BR46
with initial concentrations varying from 10 to 28 mg/l.

2.2.5. Kinetic and adsorption mechanism
The kinetic models of pseudo-first-order, pseudo-second-order

were used to examine the adsorption mechanism.

2.2.5.1. Pseudo-first-order model. The pseudo-first-order reaction
model [11,12] is described by:

dqt

dt
= k1(qe − qt) (1)

where qe and qt are respectively the amount of dye (mg/g) adsorbed
on clay at equilibrium, and at time t, k1 is the rate constant (min−1).
Integrating and applying the boundary conditions (t = 0 and qt = 0
to t and qt), Eq. (1) takes the form: log(qe − qt) = log qe − (k1/2.303)t.
The rate constant k1 and qe were obtained from the slope and inter-
cept of the linear plots of log(qe − qt) against t, respectively.

2.2.5.2. Pseudo-second-order model. The pseudo-second-order
reaction model [11,12] is expressed by:

dqt

dt
= k2(qe − qt)

2 (2)

where k2 is the rate constant of pseudo-second-order sorption
(g/(mg min)). Integrating and applying boundary conditions (t = 0
and qt = 0 to t = t and qt = qt), Eq. (2) becomes qt = t/[(1/k2q2

e ) +
t/qe] which has linear form of t/qt = t/(k2q2

e ) + (1/qe)t. The rate
constant k2 and qe were obtained from the intercept and slope of
the linear plots of t/qt against t, respectively.

3. Results and discussion

3.1. Characterization of adsorbent

The crude clay composition is presented in Table 1. SiO2 and
Al2O3 are the major constituents of the clay with other oxides
present in trace amounts. The mineralogical composition of the
crude clay was determined from X-ray diffractogram (Fig. 2). The
following mineral phases were identified: quartz, illite, kaolinite,
dolomite and calcite. The predominant peaks found in the crude
clay were 9.99, 7.16, 5.02, 4.47, 4.25, 3.579, 3.34, 3.03 and 2.9 Å

which correspond to illite, kaolinite, illite, kaolinite, quartz, kaolin-
ite, quartz + illite, calcite and dolomite. The above data suggest that
this clay is a mixed kaolinite–illite clay mineral. In this mixture, the
percentages of illite, kaolinite and quartz are respectively 18%, 29%
and 32%.
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Fig. 2. X-ray diffractome

.2. Effect of adsorbent amount

In order to estimate the optimal amount of crude clay to add
o aqueous dye solution, batch experiments were conducted using
00 ml of BR46 solutions at 20 mg/l, adding different amounts of
lay (10, 20, 40, 50, and 60 mg) (Fig. 3). It was observed that the
ptake of the dye increased by the amount of clay added and that
he maximum dye removal was achieved within the amount 40 mg.
his implied that the number of adsorption sites increased as adsor-
ent mass increases (Fig. 3). This can be attributed to the increase

n the adsorbent surface area and availability of more adsorption
ites. However, the further increase in the amount of the adsorbent
id not affect the uptake capacity significantly [13,14]. Such a phe-
omenon was similar to those of Wen-Tien Tsai for the adsorption of
ationic dye onto acid activated andesite [13]. Consequently, 40 mg
as used as optimal amount for further experiments.

.3. Kinetic studies
The time-dependent dye adsorption behaviour was monitored
y varying the equilibrium time between adsorbate and adsorbent
n the range of 1–60 min. The adsorption capacity of the dye as a
unction of contact time plotted in Fig. 4 indicates that the equi-
ibrium between the dye and the clay was attained in 20 min. In

ig. 3. Plots of equilibrium amount of BR46 adsorbed onto clay versus adsorbent
mount at various adsorbent masses (10, 20, 30, 40, 50, and 60 mg) at equilibrium
ime teq = 2 h.
alysis for the crude clay.

this study, the initial BR46 concentrations used are 10, 16, 20, 24
and 28 mg/l. The dependence of these concentrations against time
is shown in Fig. 4.

Two kinetic models were tested to explain the data presented
in Fig. 4: pseudo-first-order, and pseudo-second-order models. The
agreement between experimental data and model-calculated val-
ues is expressed by the correlation coefficient (r2). The results
are reported in Table 3. The lower values of r2 and the difference
between the experimental and calculated equilibrium sorption
show that the pseudo-first-order model failed to describe the
adsorption kinetics. The higher values of r2 > 0.99 and the good
agreement between the experimental and calculated equilibrium
sorption for the pseudo-second-order model confirm that this one
describes correctly the adsorption kinetics. The values of the rate
constants (k2) were found to decrease from 0.32 to 0.085 mg/(g min)
as the initial concentration increased from 10 to 28 mg/l, showing
the process to be highly concentration dependent, which is consis-
tent with earlier studies [11,13].
3.4. Effect of initial dye concentration

Fig. 4 shows the effect of initial dye concentration on the adsorp-
tion rate of the dye at pH 6 and 293 K. An increase in initial dye

Fig. 4. Kinetic curves of BR46 retention by clay at different initial BR46 concentra-
tions (�: 10 mg/l; �: 16 mg/l; �: 20 mg/l; : 24 mg/l; –: 28 mg/l).



A.B. Karim et al. / Journal of Hazardous Materials 168 (2009) 304–309 307

Table 3
Kinetic parameters for the effect of solution concentrations.

Concentration (mg/l) qe exp (mg/g) Pseudo-first-order kinetic Pseudo-second-order kinetic

qe (mg/g) k1(min−1) r2 qe (mg/g) k2 (g/(mg min)) r2

10 24.13 5.29 0.183 0.72 24.21 0.328 0.999
0.85 33.78 0.224 0.999

2 0.84 42.55 0.09 0.999
2 0.92 46.94 0.0856 0.999
2 0.92 49.5 0.085 0.999
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Table 4
Thermodynamic parameters.

Temperature (K) kd �G◦ (kcal/mol) �H◦ (kcal/mol) �S◦ (kcal/mol)

303 17.39 −38.37 – –
313 16.29 −38.79 −25.60 0.04
16 33.71 8.14 0.2
0 42.31 10.26 0.15
4 46.63 11.06 0.163
8 49.39 12.09 0.18

oncentration leads to an increase in the adsorption capacity. As the
nitial dye concentration increases from 10 to 28 mg/l, the adsorp-
ion capacity of dye onto clay changes from 24.13 to 49.31 mg/g
Fig. 4). This indicates that the initial dye concentration plays an
mportant role in the adsorption capacity of dye [11]. Moreover, the
nitial rate of adsorption was greater for higher initial dye concen-
ration because the resistance to the dye uptake decreased as the

ass transfer driving force increased [15]. The time rate adsorp-
ion curves (Fig. 4) are single, smooth and continuous leading to
aturation at various concentrations of BR46. This shows the pos-
ibility of full coverage of the external surface of the clay by BR46
16].

.5. Effect of initial pH

The pH is one of the determining parameters of controlling the
dsorption behaviour of cationic molecule onto suspended clay par-
icles. The variation of BR46 adsorption onto clay over a pH range
–12 is shown in Fig. 5. The pH PZC value for the crude clay stud-

ed was 9.5. The adsorption capacity of BR46 onto the studied clay
ncreased significantly when the pH of dye solution increased from
.5 to 12. This means that the charge sign on the surface of the clay
emains negative in a wide pH range (9.5–12). When the solution pH
s basic, the negative charged clay surface favours the BR46 adsorp-
ion. Therefore, the amount of BR46 adsorbed on the clay tended
o decrease with the decrease of pH, which can be attributed to
he electrostatic repulsion between the positively charged surface
nd the positively charged dye molecule for pH below 9.5. Also, the
ower adsorption of BR46 at acidic pH may be due to the presence of

xcess H+ ions competing with dye cations for the adsorption sites.
hese observations were similar to those findings by other workers
13,17,18].

ig. 5. pH effect on the adsorption of BR46 onto clay (�: pH 4; �: pH 6; �: pH 10.3;
: pH 12).
323 15.71 −39.21 – –
333 15.04 −39.63 – –

3.6. Thermodynamic parameters

A sample of 40 mg of clay was added to dye solution (100 ml and
10 mg/l) at pH 6. The experiments were carried out at 30, 40, 50 and
60 ◦C in a constant temperature shaker bath which controlled the
temperature to within ±1 ◦C.

The thermodynamic parameters of the adsorption were deter-
mined using the following equations: ln(kd) = �Sads/R − �Hads/RT
and �Gads = �Hads − T�Sads, where kd is the distribution coefficient
at different temperatures (303, 313, 323 and 333 K) and is equal
to the ratio of the equilibrium amount adsorbed (qe in mg/g) to
the equilibrium concentration (Ce in mg/l) at different tempera-
tures (kd = qe/Ce) and R is the gas constant. The second equation
was applied to calculate the standard Gibbs free energies �Gads
and the standard entropy �Sads. The values of �Hads and �Sads
were obtained from the slope and intercept of the linear plot of
log kd versus 1/T, respectively (Fig. 6). The negative values of �Gads
(Table 4) indicate that the adsorption of Basic Red 46 (BR46) onto
clay is spontaneous [19]. The negative value of �Hads suggests that
the process is exothermic in nature. The positive value of �Sads
shows increased randomness at the solid–solution interface dur-
ing the adsorption of dye onto clay [12]. Generally, the value of
�G for physical adsorption is less than −4.7 kcal/mol. The value
ads
of �Gads for this case is less than −4.7 kcal/mol suggesting that the
process is controlled by physical adsorption [20].

Fig. 6. Van’t Hoff plot for the dye adsorption on the clay.
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Fig. 7. Langmuir plot for the BR46 adsorption onto clay.

.7. Equilibrium studies

The equilibrium isotherms are very important for understand-
ng the adsorption systems. The variation of the dye concentration

ethod, while keeping the same mass of the adsorbent, is
sed to calculate the adsorption characteristics of the adsor-
ent. The adsorption isotherms used to describe the BR46-clay
liquid–solid) adsorption system are Langmuir, Freundlich and
ubinin–Radushkuvich isotherms.

.7.1. Langmuir isotherm
The equilibrium data for BR46 dye over the concentration range

rom 10 to 28 mg/l at 25 ◦C were fit to the Langmuir isotherm.
he following relation can represent the linear form of the Lang-
uir isotherm model: Ce/qe = 1/(qmaxKa) + Ce/qmax, where qe is the

mount adsorbed at equilibrium (mg/g), Ce the equilibrium con-
entration of the adsorbate (mg/l), qmax (mg/g) and Ka (l/mg) are
he Langmuir constants related to the maximum adsorption capac-
ty and the energy of adsorption, respectively. These constants can
e evaluated from the intercept and the slope of the linear plot of
xperimental data of Ce/qe versus Ce, respectively (Fig. 7). As seen in
able 5, the Langmuir maximum capacity was found to be 54 mg/g.
he Langmuir isotherm has generated a satisfactory fit to the exper-
mental data as indicated by correlation coefficient. This may be
ue to homogeneous distribution of active sites on the clay surface,
ince the Langmuir equation assumes that the surface is homo-
eneous [8]. The monolayer formation for the present system has
een confirmed by the linear plot (Fig. 7). Similar observations were

eported for the adsorption of direct dye on palm ash [21], removal
f Rhodamine B onto sodium montmorillonite [18] and also for the
dsorption of basic dye onto sepiolite [15].

The essential feature of the Langmuir isotherm can be expressed
y means of a dimensionless constant separation factor or equi-

able 5
angmuir, Freundlich and Dubinin–Radushkuvich parameters.

rude clay

angmuir isotherm
qmax (mg/g) 54
KL (l/mg) 1.248
RL 0.24
r2

L 0.99

reundlich isotherm
KF (mg/g) 31.22
1/n 0.23
r2

F 0.89

ubinin–Radushkuvich isotherm
qmax (mg/g) 47.99
E (kJ/mol) 10.2
BD (mol2 kJ−2) 0.0018
r2

D 0.97
Fig. 8. Freundlich plot for the BR46 adsorption onto clay.

librium parameter RL, which is defined by the relationship
RL = 1/(1 + KLC0), where C0 is initial concentration (mg/l), and KL
is the Langmuir constant (l/mg). The RL value calculated is 0.24
(Table 5) which is between 0 and 1 indicating that the adsorption
of BR46 onto clay is favourable [21].

3.7.2. Freundlich isotherm
The performance of the clay in dye removal from the aqueous

solution has also been studied using the Freundlich isotherms. The
following relation represents the linear form of Freundlich isotherm
model: log qe = (1/n) log Ce + log KF; 1/n is the adsorption inten-
sity, KF represents the adsorption capacity related to Freundlich
isotherm. These constants can be evaluated from the intercept
and the slope of the linear plot of log qe versus log Ce (Fig. 8).
The slope 1/n, ranging between 0 and 1 (Table 5) is indicative of
the relative energy distribution on the adsorbent surface (or sur-
face heterogeneity) [22]. The Langmuir correlation coefficient r2

L is
higher than the Freundlich correlation coefficient r2

F . It indicates
that the Langmuir isotherm shows better fit to adsorption than the
Freundlich isotherm. Similar observations were reported for equi-
librium studies of the acid dye adsorption onto modified hectorite
[23].

3.7.3. Dubinin–Radushkevich isotherm
The mechanism of BR46 adsorption from solution onto clay sur-

face was then examined with the Dubinin–Radushkevich (D–R)
equation: qe = qmax exp(−BD [RT ln(1 + 1/Ce)]2), where qe is the
amount of BR46 adsorption in (mg/g), qmax (mg/g) is the D–R mono-
layer capacity, T (◦K) is the temperature and Ce is the equilibrium
concentration of BR46 at solution. The adsorption data were ana-
lyzed using the linear form of the D–R isotherm for the crude clay:
ln qe = ln qmax − BDε2, where qe is the amount adsorbed at equilib-
rium (mg/g), qmax (mg/g) is the Moroccan clay monolayer capacity,
BD (mol2 kJ−2) is a constant related to sorption energy, and ε is the
Polanyi potential, which is related to the equilibrium concentration
as ε = RT ln(1 + 1/Ce). The plot of specific sorption, ln qe, against ε2

for BR46 is shown in Fig. 9. The isotherm constants are presented in
Table 5. The slope and intercept of the plots of ln qe versus ε2 give BD
and qmax, respectively. The value of BD is related to sorption energy
E, via the following relationship E = 1/(2BD)0.5. The mean adsorption

energy is the free energy change when 1 mol of the ion is trans-
ferred to the surface of the solid from infinity in the solution [17].
Its value in the range of 8–16 kJ mol−1 indicates physical adsorption
[24], while its value in the range of 20–40 kJ mol−1 is indicative of
chemisorption [17]. The value of E (10.91 kJ/mol) in the present case
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Fig. 9. Dubinin–Radushkuvich plot for the BR46 adsorption onto clay.

s found to be between 8 and 16 kJ/mol (Table 5) corresponding to
hysical adsorption.

. Conclusion

Equilibrium and kinetic studies were performed for the adsorp-
ion of BR46, a cationic dye, from its aqueous solutions by Moroccan
rude clay. The results showed that the adsorption may reach
5% of the total adsorption capacity in 20 min. Adsorption was
ound to be spontaneous and exothermic in nature. The equilib-
ium data have been analyzed against Freundlich, Langmuir, and
ubinin–Radushkevich models. The characteristic parameters for
ach isotherm have been determined. The obtained results showed
hat the adsorption equilibrium data fitted well to three models
nd the Langmuir isotherm shows a better fit to adsorption than
he Freundlich isotherm. The maximum removal capacity for the
R46 by the used clay is 54 mg/g. The adsorption was rapid and pH,

nitial dye concentration, adsorbent mass dependent. Also, evalu-
tion of the adsorption results obtained on the basis of different
inetic models showed that dye/clay system was best described by
he pseudo-second-order model.
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