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a b s t r a c t
In the present work, two Algerian clay samples, Djebel Debagh (DD3) and Tamazert (KT2), were used 
as adsorbents for the removal from the water of Derma Blue R67, which is an acid dye commonly 
used in the tanning industry. The two clay samples used were first treated by acid in order to enhance 
their retention capacities, and then characterized using X-ray diffraction, scanning electron micros-
copy, surface area measurements (Brunauer, Emmett et Teller method (BET)), surface charge (points 
of zero net proton charge), and electrophoretic mobility (Zetaphoremeter). Further, the adsorption 
experiments of the acid dye from water onto the clay surface were carried out by investigating various 
parameters such as, the contact time, the initial dye concentration, the aqueous phase pH, the clay 
amount and the temperature. The results indicate that the two adsorbents are efficient and that the 
anionic dye removal from water is mainly feasible at ambient temperature. Further, the comparison of 
the experimental adsorption data to the prediction models has shown that the Langmuir model gives 
the best fit, indicating the formation of a monolayer by the acid dye molecules on the clay surface. 
Finally, the adsorption kinetics follows a two-type process onto KT2 kaolinite, whereas onto DD3, it 
only follows the pseudo-second order model. From the overall data, it is concluded that the Algerian 
local kaolin clays are good adsorbent candidates for wastewater treatments.
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1. Introduction

Textile and tannery effluents are among the most pol-
luting industrial wastes, and the problem of treatment and 
disposal of such wastes requires much attention. A certain 
amount of dye is lost in the manufacturing processes and 
remains in their effluents. Moreover, it may be released in 
aqueous effluents such as in the river streams which become 

coloured. Further, the dyes used in the tanning process or 
in textile are toxic to living organisms, due to their low bio-
degradability and persistence in the environment, and their 
presence in wastewater induces a risk to human health [1,2]. 
Therefore, effluents have to be treated carefully before dis-
charge. As regulations become more stringent, complicated 
and multi-step treatments for the raw dye wastewater are 
required, and the removal of dyes is usually the key point.
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For example, in Algeria, domestic and industrial raw 
wastewater is discharged anywhere in the environment and 
causes pollution, it is more and more dangerous for water 
resources and public health. The amounts of industrial 
effluent discharge estimated on the basis of a sample of 100 
industrial units, show that industrial companies produce a 
volume of 100 to 130 million m3, with a pollution load of 
more than 55,000 tons of biological oxygen demand (BOD5) 
in the industries textiles and tannery (22%). The treatment 
capacity of existing industrial effluents represents about 
20 million m3/year, some 10% of the volume of wastewater 
generated. There are several methods for dye removal such 
as biological treatment [3–7], coagulation/flocculation [3,7,8], 
ozone treatment [5,8], chemical oxidation and photocata-
lytic processes [9–11], membrane processes [5,8,12–15] and 
adsorption [8,16]. Among these methods, the most efficient 
one is the adsorption process, because it is simple in terms of 
operation and can remove the contaminant even at very low 
concentration [17–19]. However, the choice of the adsorbent 
is based on economical and practical reasons. Clay is one 
of the well-known low-cost natural clay materials, avail-
able worldwide in rocks. Among clays, the kaolin may be 
a good alternative low-cost adsorbent because it is the most 
abundant kaolinite-rich rock in Algeria. Indeed, Algeria 
possesses in the East, an estimated amount of millions of 
tons of clays that need to be promoted. Thus, the kaolin with 
low-cation exchange capacity (CEC = 3–15 meq/100 g) is a 
convenient adsorbent for removing organic, inorganic pol-
lutants and of heavy metal ions from water [20–24]. Acid 
activation can improve the adsorption performance of clay 
to increase its specific area [25,26]. Few studies are carried 
out with adsorption of anionic dyes on local kaolin DD3 
and KT2.

The aim of the present work is to investigate the 
adsorption of anionic reactive dye (Derma Blue R67) which 
is commonly used in the Algerian tanning industry, onto 
Algerian clays from Djebel Debagh and El Milia regions. In 
addition, for a successful scale-up of such adsorption process, 
kinetic studies are essential since they describe the adsorbate 
removal rate, which in turn controls the residence time in 
the adsorbent–solution interface. A number of experimental 
parameters are considered in this study, including the effect 
of initial dye concentration, initial solution, pH, acid activa-
tion, dose of adsorbent and nature of clays.

2. Materials and methods

2.1. Materials

Two commercial raw clay materials, DD3 and KT2, were 
supplied by a ceramic company (ETER, Guelma, Algeria). 
The kaolin “DD3”, grey in colour, was sampled in an active 
kaolin mine, formed by hydrothermal alteration processes 
in the region of Guelma (Djebel Debagh, Algeria) [27,28]. 
This clay composed of halloysite and kaolinite with a ratio 
halloysite/kaolinite = 1.23, is a potential adsorbent in mor-
tars [29] and for metals [30]. The second clay material “KT2” 
is also composed of kaolinite and halloysite, and already 
enriched in clay minerals by the ceramic company (ETER), 
by removing other minerals. It comes from El Milia deposit 
“TAMAZERT” from Jijel region (Algeria). The El Milia region 

consists of metamorphic rocks belonging to the Precambrian. 
The kaolin deposit is the alteration zone of gneiss, and is 
often in contact with mica schist.

It should be noted that the most important members of 
the kaolin subgroup of minerals are kaolinite and halloysite. 
Kaolinite has the formula Al2Si2O5 (OH)4 and typically occurs 
in platy forms. Halloysite has a similar composition except 
that it contains additional water molecules between the layers 
and most commonly has a tubular morphology. Halloysite 
loses its interlayer water very easily, so it is often observed 
in a partly dehydrated state. In its fully hydrated form the 
formula is Al2Si2O5 (OH)4 2H2O. Kaolinite is a very important 
industrial mineral, and halloysite is becoming increasingly 
important due mainly to its use in nanotechnology applica-
tions which take advantage of its tubular habit.

The reactive dye used as adsorbate is a bifunctional dye, 
soluble in water, commonly in use in the tanning industry. 
It was provided by the Cromogenia Company (Spain) and 
its commercial name is Derma Blue R67. The complete struc-
ture diagram of the dye is not available. A synthetic test dye 
solution was prepared by dissolving accurately weighed 
amounts of dye (1 g/L) in distilled water and subsequently 
diluted to the required concentrations. The pH value of the 
initial dye aqueous solutions was measured at 25°C with a 
Consort C831 potentiometer.

2.2. Clay preparation and characterization methods

In order to obtain the acid-activated clays DD3 and KT2, 
the acid treatment was carried out with 0.1 N H2SO4 acid 
[31]. We added 5 g of natural clay (DD3 or KT2) to 100 mL of 
the 0.1 N H2SO4 aqueous solution and agitation was applied 
during 4 h. The solution was filtered and then washed several 
times with distilled water. The filtrate was put in a drying oven 
for 12 h at approximately 60°C. After drying and crushing in a 
mortar, very fine particles were obtained. The CEC was mea-
sured in order to evaluate the potential adsorption sites of 
the clays. It was determined using the Hexammine cobalt (III) 
chloride saturation method coupled with UV–VIS spectropho-
tometry Photolab Spectral WTW. The chemical composition 
of the clays was measured by X-ray fluorescence. The pH of 
the solution was adjusted with a NaOH or HCl 0.1 M solution 
using “HANNA Instruments” (Guelma, Algeria) model pH 
meter that was equipped with a combined pH electrode. X-ray 
diffraction (XRD) of the random-powdered clays before and 
after activation was carried out by using the XRD instrument 
(X-Pert Pro PANalytical, Strasbourg, France) with CuKα radi-
ation source (λ = 1.54056 Å), and recorded in the 2θ ranging 
from 6° to 65° with a scanning rate of 1°/min under the con-
trolling of 40 kV and 30 mA. The following diagnostic treat-
ments were performed for parallel-oriented specimens of the 
clays: ethylene glycol and hydrazine solvations overnight, and 
heating at 490°C for 4 h. Measurements were carried out by 
XRD on a Bruker D5000 (2°–30° 2θ scanning angle) and the 
program MacDiff (version 4.2) was used to estimate the rela-
tive contents of each clay mineral species based on the area of 
their (001) basal reflections [32]. Surface morphology of DD3 
and KT2 natural and modified clays were investigated by scan-
ning electron microscopy (SEM; JSM-6390 LU, JEOL, Biskra, 
Algeria) operating at 5–30 kV. To examine these clays, the sam-
ples were coated with a conducting layer of gold and carbon 
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by sputter coating. The surface area of all samples was mea-
sured by adsorption of nitrogen at liquid nitrogen temperature 
according to the Brunauer, Emmett et Teller (BET) method, 
using ASAP, Micromeritics (Guelma, Algeria). The points of 
zero net proton charge were determined from potentiomet-
ric titration at different ionic strengths [33]. Electrophoretic 
mobilities of the clay particles were measured at 20°C ± 2°C by 
using a zetaphoremeter as described elsewhere [34].

2.3. Adsorption studies

The adsorption experiments were performed in batch 
to assess the adsorptive capacities of natural and synthetic 
adsorbents, and to obtain the rate and the equilibrium data. 
Adsorption of the dye from water onto the clay samples was 
carried out in 500 mL conical flasks, filled with various dye 
concentrations ranging from 20 to 200 mg/L, containing 4 g of 
clay (DD3, KT2), and agitated at a constant stirring speed of 
450 rpm at natural pH (4.0) for 120 min. Aliquots of 2 mL 
of the solution were sampled at suitable time intervals. The 
samples were then centrifuged for 15 min at 5,000 rpm, and 
the left out concentrations in the supernatant solution were 
analyzed. The equilibrium concentrations of dye were deter-
mined by measuring the absorbance at the maximum wave-
length of the dye (610 nm for Derma Blue R67 at pH = 5.6) 
with an UV–vis spectrophotometer (Photolab Spectral WTW). 
In the kinetic experiments, the amount of dye adsorbed at 
a time interval t, Qt (mg/g), or the percentage removal (P%) 
were calculated using the following equations:

Qt = (C0 – Ct) V/m (1)

P% = 100(C0 − Ct)/Ci (2)

where C0 and Ct are the initial and liquid-phase concentra-
tions of the dye solution (mg/L) at any time t, respectively, V 
is the volume of dye solution (L), and m is the mass of clay 
sample used (g). The effect of pH on the removal of the dye 
was investigated by mixing 500 mL of the dye solution with 
4 g of clay in a solution with an initial dye concentration of 
20 mg/L at 20°C for 120 min with constant agitation, and over 
a pH range of 3–9. The effect of the initial dye concentration 
on dye removal was investigated by mixing 500 mL of the 
dye solution with 4 g of solid without adjusting the pH at 
20°C for 120 min with agitation. The initial dye concentra-
tions were varied from 20 to 200 mg/L. Different amounts of 
the adsorbent (0.5–8 g) were used to examine the effect of the 
adsorbent dosage on the adsorption of the dye. All the exper-
iments were performed in duplicate.

3. Results and discussion

3.1. Characterization of the adsorbent

The chemical composition indicated that the raw clays 
were rich in Si, Al and contained only small amounts of Fe, 
Ca, Mg, Na and K (Table 1).

The low concentrations of these elements confirm the 
high content of the raw clay material in kaolin-type miner-
als. That high degree of purity of the clay material generates 
the rheological and physico-chemical properties of the raw 

material, required in the ceramic industry. The apparent 
values of the point of zero charge (PZC) of the various clay 
amphoteric surfaces, in their natural state, were determined 
for two ionic forces. It should be noted that it was not possi-
ble to determine a clear common intercept point [33] of the 
potentiometric titration curves at the two ionic strengths.

The DD3 clay exhibits high apparent PZC value (5.3–7.3) 
compared with the apparent PZC of the KT2 clay (4.5–6.2) 
and the standard KGa-2 sample (3.4) (Tunisian clay com-
monly called Fouchana clay). This indicates that the DD3 
natural clay may present positive adsorption sites at particle 
edges available for anionic dyes, already at pH between 5.3 
and 7.3, unlike the KT2 clay which needs lower pH values to 
enhance the adsorption of anions. The BET specific surface 
area (SBET), the CECs and the pore diameter (Dp) of the raw 
and activated clays were also determined. The CEC was mea-
sured in order to evaluate the potential use of these clays for 
the adsorption of cations. After the activation of the KT2, and 
the DD3 samples, the CEC values decreased, respectively, 
from 30 to 15, and from 15 to 9 (meq/100 g). However, the 
activation of the KT2 and DD3 samples, lead to an increase 
of their SBET values, respectively, from 24 to 31 and from 49 
to 65 m2/g, suggesting hence an increase in their available 
adsorption sites. The higher SBET value for the activated DD3 
(65 m2/g), as compared with the activated KT2 (31 m2/g) sug-
gests a pronounced acid activation of the DD3 sample and 
development of surfaces at the expense of the pore sizes 
which slightly decrease.

The XRD results for DD3 and KT2 clays before and after 
activation are shown in Fig. 1. The basal spacings or d001 spac-
ings of DD3 clay of 7.14 Å and 7.35 Å may be attributed to 
kaolinite and dominant halloysite, respectively (Figs. 1(a) 
and (b)). The basal spacings or d001 spacing values of KT2 
are similar to those of DD3, but with intensities indicating 
a dominance of kaolinite. Other reflections attributed to 
quartz, calcite as impurities are observed for both natural 
kaolins, as also minor amounts of illite. Moreover, there are 
traces of smectite and interstratified illite/smectite in KT2 
clay. The slight increase of the basal spacings in the activated 
DD3 (7.33 Å) and KT2 (3.59 Å) clays (Figs. 1(b) and (d)) after 
ethylene glycol treatment indicate that the acid treatment 

Table 1
Chemical compositions of DD3 and KT2 raw clays expressed in 
mass percentage of oxides (wt %)

Clays DD3 KT2

SiO2 41.97 49.30
Al2O3 38.00 33.50
Fe2O3 0.12 1.59
MgO 0.07 0.40
CaO 0.20 0.08
Na2O – 0.09
K2O – 2.75
NO2 – –
TiO2 – 0.24
BaO – –
SO3 0.75 –
MnO 1.34 –
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affected the structure of the components and that the inter-
layer spaces expanded. Furthermore, acid treatment with 
H2SO4 0.1 N, dissolved the major impurities such as calcite, 
quartz and dolomite for both materials, and the traces of 
smectite, and interstratified illite/smectite in KT2. Thus, illite 
shows a higher crystallinity in KT2.

3.2. Adsorption studies

3.2.1. Effect of contact time and initial dye concentration

The initial concentration of the dye is an important driv-
ing force to overcome the mass transfer resistance of the 
dye from the aqueous and the solid phase. The amounts of 
dye removed by the activated DD3 and KT2 clays, as a func-
tion of the initial concentration of the dye, were determined 
(Fig. 2). The shapes of the curves for DD3 and KT2 clays 
are similar and approximately independent on the initial 
dye concentration. These data indicate a monolayer forma-
tion of the dye on the external clay surface [35]. It should be 
noted that both clays are efficient to adsorb Derma Blue R67 
with different rates. The adsorption of the dye from water 
onto the activated DD3 and KT2 clays was rapid in the first 
2 min, followed by a slow increase until reaching equilib-
rium after about 10 min. At the beginning, the adsorption 
rate was very fast as the dye ions were adsorbed on the 
external surfaces of the clay, until they reached saturation. 
Then the dye ions entered into the pores of the adsorbent 
particles and were adsorbed by the internal surfaces of the 
solid particles. This process took a relatively short time and 
the adsorption was slow. The adsorption capacity increased 
with increasing initial dye concentration. A similar trend 
was reported for the adsorption of dyes such as Malachite 
Green onto treated sawdust [36], reactive dyes onto dried 
activated sludge [37] and anionic dye (Reactive Red 120) on 
Fouchana clay [38].

3.2.2. Effect of the pH

The pH is an important parameter modulating the dye 
adsorption efficiency [39,40]. The effects of the aqueous 
phase pH on the DD3 and KT2 adsorption capacities were 
investigated at pH values ranging from pH = 3.0 to 9.0, 
and at temperature T = 20°C (Fig. 3). Generally, at low pH 

values, the percentage of the cationic dye removal is lower, 
and higher for the anionic dye, due to creation of positively 
charged adsorption sites on the clay surface at acidic pH 
values. The reverse is observed at higher pH values. The 
data obtained in the present work indicate that the adsorp-
tion of Derma Blue R67 dye on DD3 clay is unaffected 
by pH over the whole range explored, and an average 

Fig. 1. XRD patterns of the natural and activated clays: (a) and (c): respectively, natural DD3 and KT2; (b) and (d): respectively, 
activated DD3 and KT2 samples.

Fig. 2. Effect of contact time and initial dye concentration on the 
adsorption rate of Derma Blue R67 on activated clays (a) DD3, 
(b) KT2; m = 4 g, pH = 6.2, T = 20°C).

Fig. 3. Effect of the pH on the adsorption of Derma Blue R67 on 
activated DD3 and KT2 (m = 4 g, C0 = 20 mg/L, T = 20°C).
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value of 2.5 mg/g was observed for the adsorbed amount 
Qt. This may suggest that the dye adsorption from water 
onto DD3 may have mainly occurred on sites which are 
not pH dependent, whereas onto the KT2 clay, the adsorp-
tion enhancement at low pH was related to the solid sur-
face amphoteric sites. Similar results were reported for the 
adsorption of anionic dyes by cross-linked cationic starch 
[41,42] and cross-linked quaternary chitosan [43]. The max-
imum uptake of Derma Blue R67 on KT2 was found to be 
at pH 2. This behaviour can be explained on the basis of 
changes in the surface charge of KT2’s amphoteric sites. At 
lower pH, the H+ ion concentration in the aqueous medium 
increased, and the surface of KT2 acquires positive charge 
by absorbing H+ ions. The positively charged surface sites 
on KT2 favour the adsorption of anionic dye due to the elec-
trostatic attraction, causing an increase in the dye adsorbed 
amount. As the pH of the aqueous phase increases, the 
numbers of negatively charged sites increase by absorbing 
OH− ions. As the KT2 surface gets negatively charged at 
high pH, a significantly high electrostatic repulsion exists 
between the negatively charged surface of KT2 and anionic 
dye molecules, leading to a decrease in dye adsorption. 
Similar results were reported for the adsorption of anionic 
dyes by cross-linked cationic starch [42], cross-linked qua-
ternary chitosan [43], by pullulan microspheres [44], and 
by diphosphonium-intercalated montmorillonite.

3.2.3. Effect of the clay amount

The effect of clay amount on the adsorption of Derma 
Blue R67 was also evaluated at temperature T = 20°C (as 
shown in Fig. 4). Hence, the adsorbent dosage varied from 
0.5 to 8 g with a fixed initial dye concentration of 20 mg/L, 
at pH 4.0. We observed initially, a rapid increase in the dye 
adsorbed amount, Qt, with the increase of the adsorbent 
dosage, as resulting from the increase of the solid adsorp-
tion sites number. In the presence of 1.5 g of the adsorbent, 
the removal of the dye from the solution was almost com-
pletely achieved (99%). However, on increasing the adsor-
bent amount, there is no improvement of the dye removal 
from water, which means that 1.5 and 4 g, of DD3 and KT2, 
respectively, are the optimal amounts of clays necessary 
to remove the dye at a concentration of 20 mg/L. A similar 
behaviour was observed for cationic starch derivatives [45] 
and anionic dyes (Azocarmine B, Acid Orange 7, Methyl 
Orange, Ponceau 6R and Congo Red) adsorbed on pullulan 
microspheres [44].

3.2.4. Effect of the temperature on the dye adsorbed amount 
and evaluation of the thermodynamic parameters

Temperature is one of the most important factors in 
adsorption process. This was investigated for the adsorption 
of Derma Blue R67 dye onto activated clays as a function of 
temperature (20°C–50°C) (Table 2). Generally, temperature 
has two major effects on the adsorption process. Increasing 
the temperature induces an increase in the diffusion rate 
of adsorbate molecules onto the adsorbent surface, thereby 
diminishing mass transfer resistance in liquid phase as a 
result of the reduced viscosity of bulk solution [46].

The amount of Derma Blue R67 dye adsorbed onto acti-
vated KT2 and DD3 clays (Fig. 5) increases slightly with the 

a

b

Fig. 4. Effect of clay amount on the adsorption of Derma Blue 
R67 on activated DD3 (a) and KT2 (b) clays (C0 = 20 mg/L, 
pH = 6.2, T = 20°C).

Table 2
Thermodynamic parameters for the adsorption of Derma Blue R67 onto activated KT2 and DD3 clays at different temperatures 
(without control of the pH)

Clays DD3 KT2
T (°K) Qt 

(mg/g)
ln Kc ΔG° 

(kJ/mol)
ΔH° 
(kJ/mol)

ΔS° 
(kJ/mol)

Qt 
(mg/g)

ln Kc ΔG° 
(kJ/mol)

ΔH° 
(kJ/mol)

ΔS° 
(kJ/mol)

293 2.37 –0.08 0.19 0.56 1.28 2.25 1.42 –3.45 14.18 59.8
303 2.48 –0.07 0.17 2.26 1.50 –3.78
313 2.49 –0.06 0.16 2.26 1.72 –4.48
323 2.50 –0.055 0.15 2.27 1.95 –5.24
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increase in temperature (Table 2). This may be due to increas-
ing the mobility of the dye molecules, and an increased 
access to the active sites for the adsorption with increasing 
temperature [47].

Thermodynamic parameters such as standard free energy 
change (ΔG°), enthalpy change (ΔH°) and entropy change 
(ΔS°) were calculated using the following equations [48,49]:

K
C

C Cc
e

i e

=
−( )  (3)

∆G RT Kc° = − ln  (4)

And the Van’t Hoff equation:

lnK S R H
RTc = °( ) − °







∆

∆/  (5)

where, Kc (L/mg) is the equilibrium constant; qe and Ce are the 
equilibrium concentrations of adsorbate in the liquid phase 
(mg/L) and on the solid phase (mg/g), respectively; T is the 
temperature in Kelvin and R is the gas constant (8.314 J/mol K). 
The values of the enthalpy (ΔH°) and entropy (ΔS°) were 
determined, respectively, from the slope and intercept of the 
plot of ln Kc vs. 1/T. As can be seen from Table 2, the Gibbs 
free energy of adsorption (ΔG°) is slightly positive, very close 
to 0 for DD3, and slightly negative for KT2. In both cases, 
ΔG° slightly decreases when T increases, suggesting that the 
adsorption process is possible at ambient temperature but 
more spontaneous at higher temperature, especially for KT2, 
despite a small increase in the adsorbed amount.

The values of the change in enthalpy (ΔH°) were positive, 
which show that the process is endothermic in nature. The 
positive values of ΔS° reflect increased randomness at the 
solid–solution interface during dye adsorption.

As can be seen from Table 2, the Gibbs free energy of 
adsorption (ΔG°) is slightly positive, very close to 0 for 
DD3, and slightly negative for KT2. In both cases, ΔG° value 
slightly decreases when T increases, suggesting that the 
adsorption process is possible at ambient temperature but 
more spontaneous at higher temperature, especially for KT2, 

despite a small increase in the adsorbed amount. In general, 
the increase in temperature weakens the attractive forces of 
physical or chemical nature, which is frequently observed 
in the adsorption phenomena [50]. If the adsorption capac-
ity increases with increasing temperature, adsorption is an 
endothermic reaction (ΔH° > 0). This may be due to increased 
mobility of dye molecules and an increase in the number of 
active sites for adsorption as the temperature increases [44].

The adsorption increase in the temperature range 
of 20°C–50°C means that the adsorption process of the 
Derma blue R67 dye by the activated DD3 and KT2 clays is 
endothermic.

3.2.5. Adsorption isotherms

The adsorption isotherm indicates how the adsorbate 
molecules are distributed between the liquid and the solid 
phases when the adsorption process reaches an equilibrium 
state [51]. The isotherm data were analyzed by fitting them 
to the Langmuir and the Freundlich isotherm models [52,53]. 
These models are described in Eqs. (6) and (7), respectively:

Langmuir equation:

1 1 1 1
q q q C

b
e m m e

= + ⋅  (6)

where Ce is the equilibrium concentration (mg/L), qe is the 
amount adsorbed at equilibrium (mg/g), qm is the maximum 
amount adsorbed (mg/g) and b is the energy of adsorption 
(Langmuir constant, L/mg). The values of qm and b were 
calculated from the slope and intercept of the linear plot 
Ce/qe vs. Ce. The slope 1/qm corresponds to the complete mono-
layer coverage (mg/g) and the intercept is 1/(qm b).

Freundlich equation:

ln ln lnq K
n

Ce F e= +
1

 (7)

where KF and n are Freundlich constants, calculated from the 
slope and intercept of the Freundlich plot. It has been shown 
that an n value between 1 and 10 represents a good adsorp-
tion potential of the adsorbent. Hence, the experimental data 
were adjusted to the Langmuir and Freundlich models and 
the isotherm constants were then determined as shown in 
Table 3.

Our results indicate that the Langmuir model gives the 
best fit to the experimental data for both DD3 and KT2 clays, 
which means that the dye molecules form a monolayer on the 
clay surface. Furthermore, the Freundlich exponent 1/n gives 
an indication on the preferential dye adsorption from water 
onto the clay surface. Hence, according to Freundlich model, 
values of 1/n < 1.0 represent favourable adsorption conditions. 
In the present study, as indicated in Table 3, all the values of 
1/n were less than unity, indicating preferential adsorption of 
Derma Blue onto the DD3 and KT2 samples [54].

3.2.6. Adsorption kinetics

The solute uptake rate is an important parameter in the 
understanding of the kinetic mechanism which controls the 

a b

Fig. 5. Effect of temperature on the adsorption of Derma Blue R67 
on activated kaolins (a) DD3 and (b) KT2 (m = 4 g, C0 = 20 mg/L, 
pH = 4).
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adsorption of the dye onto activated DD3 and KT2 clays. 
This was evaluated using the pseudo-first order [55], the 
pseudo-second order [56,57], the intra-particle diffusion [58] 
and the Elovich models according to Eqs. (8)–(11):

log
( )

,
q q
q

K te t

e

−
= − 1

2 3  (8)

t
q K q

t
qt e e

= +
1

2 2 ²  (9)

qt = Kit1/2+ C (10)

where qt and qe represent the amounts of the adsorbed dye 
at time t and at equilibrium (mg/g), respectively; K1 (1/min), 
K2 (g/mg min) and Ki (mg/g min1/2) are the rate constants, respec-
tively, for the pseudo-first order, the pseudo-second order and 
the intra-particle diffusion models, for the adsorption process; 
t is the time (min) and C is the intercept on the y-axis (mg/g). 

The pseudo-first-order kinetic model describes the 
adsorption of a solute from liquid solution [55,56] and is now-
adays widely used in different fields of pollutants adsorption 
from wastewater. The pseudo-second order model assumes 
that the chemisorption is the mechanism of the adsorption 
of adsorbate on the adsorbent. The values of the param-
eters obtained from the analysis of data according to the 
investigated kinetic models are shown in Table 4. The coeffi-
cient of determination R2 was calculated, to evaluate the most 
appropriate model adjusting the data. The Elovich equation 
is often used when the adsorbing surface is heterogeneous. 
The linear form of Elovich equation is given as follows [59]:

q tt = +
1 1
β
αβ

β
( ) ln

  (11)

where α (mg/g min) is the initial adsorption rate constant and 
the parameter β (g/mg) is related to the extent of surface cov-
erage and activation energy for chemisorption. The values of 
α and β can be calculated from the plot of qt against lnt. The 
values of the constants α and β are given in Table 4.

The R2 values for both clays were found to be higher for 
the pseudo-first order and pseudo-second order models than 
those obtained for the Elovich model and intra-particle diffu-
sion models. The pseudo-second order and the pseudo-first 
order models describe and fit the experimental data very 
well, for activated KT2. However, for activated DD3, only 
the pseudo-second order model yielded the best fit of the 
experimental data. Therefore, the adsorption of Derma Blue 
R67 onto DD3 kaolin can be explained by a chemical sorption 
process, whereas onto KT2 clay it may involve two processes. 
Similar studies on the adsorption of anionic dyes by clays 
have found that the pseudo-second order model is the most 
reliable for determining adsorption kinetics [38,60–62].

3.3. Electrophoretic mobilities of DD3 and KT2 clays

The electrophoretic mobilities were measured for both 
activated and non-activated DD3 and KT2 clays, before and 
after adsorption of the blue dye, in order to determine the 
surface charge of the clay particles and its evolution in func-
tion of pH (Figs. 6(a) and (b), and 7(a) and (b)).

The results indicate that several factors affect the 
electrophoretic mobility of the clays:

Table 3
Langmuir and Freundlich isotherm constants for the adsorption 
of Derma Blue R67 on the KT2 and DD3 clays (adsorbent amount 
4 g, 20.0 mL of 20–200 mg/L dye solution, without control of pH, 
agitation time of 120 min)

Models Equations Clay type Parameters

Langmuir 1 1 1 1
q q Ce m e

= +
q bm

DD3 qm = 38.46

b = 0.24
R2 = 0.99

KT2 qm = 5.58

b = 0.33
R2 = 0.92

Freundlich
ln lnq K

n
Ce F e= +ln 1 DD3 KF = 0.79

1/n = 0.312
R2 = 0.74

KT2 KF = 1.27
1/n = 0.520
R2 = 0.89

Table 4
Kinetic parameters of the adsorption of the anionic Derma Blue R67 dye onto clays

Models Pseudo-first order Pseudo-second order Intra-particle diffusion Elovich

Parameters DD3 K1 = +0.161 K2 = 376.135 Ki = 0.002 α = 0.006
qm = 35.62 qm = 2.37 C = 2.35 β = 166.66

R2 = 0.81 R2 = 1 R2 = 0.75 R2= 0.85
qe(exp) = 2.37

KT2 K1 = +0.958 K2 = 121.22 Ki = 0.01 α = 0.005

qm = 2.181 qm = 2.28 C = 2.154 β = 200

R2 = 0.991 R2 = 1 R2 = 0.238 R2 = 0.533

qe(exp) = 2.27
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(1) The activation makes the clay more hydrophilic and 
increases its electrophoretic mobility in the whole pH 
range investigated.

(2) As can be seen in Figs. 6(a) and (b), and 7(a) and (b), the 
adsorption of dye decreases systematically the electro-
phoretic mobility magnitude of the both activated and 
non-activated clays. The adsorption of dye likely screens 
and/or reduces the electric charges of the clay.

(3) After adsorption of the dye, the electrophoretic mobility 
of the clay is higher for the activated as compared with 
the non-activated sample. This difference in behaviours 
results from the clay available adsorption sites created 
upon activation, and which remain uncovered by the dye 
molecules.

(4) The KT2 clay, whether activated or not, is more 
hydrophilic than the DD3 clay.

(5) The increase in the adsorption of the dye appears to be 
related to an increase in the specific surface area (due 
to the activation of the clay), or to an increase in the 
hydrophobicity of the clay. In fact, the DD3 sample (acti-
vated or not) is more hydrophobic than the KT2. Thus, 
DD3 has fixed more dye molecules than KT2 in both 
cases (activated and non-activated).

3.4. Structure of clays after adsorption

Observations by SEM were performed to probe the 
change in morphological features of activated DD3 and KT2 
before and after dye adsorption (Derma Blue R67). The sur-
face morphology of both clays before adsorption is different 

from that after adsorption. Activated DD3 has larger pores 
between particles before adsorption than after adsorption 
(Figs. 8(a) and (b)). The same was also observed for the 
activated KT2 (Figs. 8(c) and (d)). Further, the micrographs 
shown in Figs. 8(b) and (d) indicate clearly the dye-loaded 
clay coated by dye molecules over the whole surface at nat-
ural pH conditions. The dye molecules seem to have formed 
a void-free film masking the reliefs of particles and porosity 
of the aggregates. On the contrary, the clay before adsorption 
exhibits well distinguishable particles and a porous structure 
(Figs. 8(a) and (c)). Moreover, upon the anionic dye adsorp-
tion on the clay particle, an increase in the clay particle size 
can be seen when comparing, respectively, Figs. 8(a) and (b) 
for the DD3 sample, and Figs. 8(c) and (d) for the KT2 sam-
ple. Such clay particle size increase results from the clay par-
ticle aggregation owing to the clay particles surface electric 
charge screening by the adsorbed dye molecules.

4. Conclusion

Two kaolinite and halloysite-rich kaolin clays, respec-
tively, the DD3 (halloysite dominant) from Djebel Debagh 
(Guelma), and the KT2 (kaolinite dominant) from Tamazert 
(El Milia region), were activated, and their capacities were 
compared in the removal of effluents’ Derma Blue R67 dye 
used in tannery.
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Fig. 6. (a). Electrophoretic mobilities vs. the aqueous phase pH 
of the non-activated DD3 clay before and after adsorption of the 
dye. (b) Electrophoretic mobilities vs. the aqueous phase pH of 
the activated DD3 clay before and after adsorption of the dye.
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Fig. 7. (a) Electrophoretic mobilities vs. the aqueous phase pH 
of the non-activated KT2 clay before and after adsorption of 
Derma Blue R67. (b). Electrophoretic mobilities vs. the aqueous 
phase pH of the activated KT2 clay before and after adsorption 
of Derma Blue R67 dye.
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Both activated clays were efficient in the removal of the 
dye from aqueous solution. The synthetic effluent’s disco-
louration by using the acid-activated DD3 sample was more 
pronounced and the clay surfaces were more developed, 
as compared with the KT2. The adsorption processes on 
both activated clays were possible at ambient temperature, 
slightly favoured by higher temperatures, and the process 
was endothermic in nature. Good agreement for DD3 was 
found between the experimental data and the predicted val-
ues obtained by using the Langmuir model, indicating the 
formation of a monolayer of the dye molecules on the clay 
surfaces. Moreover, the calculated positive values of the 
entropy’s variations results likely from scarce disorder in the 
adsorbed dye molecules film at the solid–solution interface. 
The kinetic study indicates that the adsorption of Derma 
Blue R67 on the halloysite-rich DD3 clay is rather of chemical 
nature, whereas two types of processes may be involved in 
the adsorption onto the kaolinite-rich KT2 clay. The overall 
data show the high potential of the activated kaolin clays for 
the treatment of dyeing wastewater.

Symbols

R — Gas constant
T — Temperature
t — Contact time adsorbate–adsorbent
qt —  Amount of adsorbate in the adsorbent at any 

time t
qe —  Amount of adsorbate in the adsorbent at 

equilibrium
qm —  Maximum amount of adsorbate in the 

adsorbent

Qt —  Adsorbed amount of the solute (the dye) on 
the solid surface at time t

Ci, C0 — Initial concentration of the solute (the dye)
Ct —  Liquid phase concentration of the solute (the 

dye) at any time t
Ce, Ceq —  Residual or equilibrium concentration of the 

solute (the dye)
C —  Intercept of the y-axis in the intra-particle 

diffusion Eq. (10)
K1 —  Pseudo-first order rate constant of adsorption
K2 —  Pseudo-second order rate constant of 

adsorption
Ki — Intra-particle diffusion rate constant
KC — Equilibrium constant
KF — Freundlich constant
n — Freundlich constant
M — Mass of the adsorbent
b — Adsorption energy (Langmuir constant)
V — Volume of the solute (the dye) solution
P% —  Percentage removal of the dye from the 

aqueous solution
α — Initial adsorption rate constant
β —  Parameter related to the extent of the surface 

coverage and activation energy for the 
chemisorption
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