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A B S T R AC T

In this study, adsorption of Astrazon Blue FGRL on sepiolite (meerschaum) from aqueous solu-
tion was investigated using different parameters like initial dye concentration, temperature, 
contact time and solution pH. The obtained results were then compared for all the parameters. 
At the end of batch adsorption studies, the equilibrium time, optimum pH and temperature 
were 90 min, 7 pH and 293 K, respectively. Adsorption isotherm of Astrazon Blue FGRL on sepi-
olite (meerschaum) was determined and correlated with common isotherm equations such as 
Langmuir and Freundlich models. The Freundlich model (r2 > 0.98) appeared to fi t the isotherm 
data better than the Langmuir model (r2 < 0.92). The kinetic data for sepiolite (meerschaum) 
supported the pseudo-second-order model (r2 > 0.99), through the fi rst order kinetic model did 
not adequately fi t the experiment values (r2 < 0.99). SEM, XRD and FT-IR spectrum analyses 
were carried out. The obtained results showed that Sepiolite (meerschaum) can be an alterna-
tive low-cost adsorbent for removing dye from wastewater.
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1. Introduction

Organic dyes are used in many industries such as food, 
paper, carpet, rubber, plastics, cosmetics, and textile in 
order to color their products [1–4]. They can be classifi ed 
as anionic (direct, acid, and reactive dyes), cationic (basic 
dyes) and non-ionic (disperse dyes) [1]. The discharge 
of colored wastewater from these industries into natural 
streams causes many signifi cant problems like increasing 
the toxicity and COD (chemical oxygen demand) of the 
effl uent and reducing the light penetration, which has 
a derogatory effect on photosynthetic phenomenon. In 
addition, stringent color consent standards are enforced 
by regulatory bodies to reduce the quantity of color in 
effl uent and receiving water courses [5].

Dyeing effl uents are very diffi cult to treat due to 
their resistance to biodegradability, stability to light, heat 
and oxidizing agents [6–8]. In general, the treatment of 
dye-containing effl uents is undertaken by adsorption, 
oxidation–ozonation, biological processes, coagulation–
fl occulation and membrane processes [9].

The adsorption process provides an attractive alter-
native treatment, especially if the adsorbent is inex-
pensive and readily available because of its low cost, 
simplicity of design, high effi ciency, ease of operation, 
biodegradability, and ability to entrap dyes in a concen-
trated form [1,6,10]. Activated carbon is the most popu-
lar adsorbent for the adsorption process since it has a 
high surface area that increases the adsorption capac-
ity, but due to its diffi cult and expensive regeneration, 
an alternative low-cost and easily available adsorbent 
is still needed. [1,5,11]. Natural clays for dye removal 
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 from wastewater such as sepiolite [12–15], kaolinite [16], 
montmorillonite [17], smectite [18] and bentonite [19,20] 
are therefore considered as alternative low-cost adsor-
bents [10].

Sepiolite (meerschaum) is a clay mineral with fi brous 
habit and ideal formula Mg8Si12O30(OH)4(OH2)4·nH2O (n 
≤ 8) [21–25], commonly used as adsorbent, fi ller, catalyst 
or catalyst support [26–28]. Its structure consists of dis-
continuous z-elongated octahedral (O) strips and wav-
ing tetrahedral (T) sheets, in which the apical oxygen 
atoms alternately bond to the upper or lower O strip. 
This arrangement causes the structure to be crossed by 
microtunnels along z (dimensions: 1.06 × 0.37 nm), fi lled 
by weakly bound zeolitic H2O and possibly exchange-
able cations. Tightly bound structural OH2 completes 
the coordination of Mg-ions located at the borders of 
the O strips, protruding in the tunnels. Sepiolite (meer-
schaum) has a broad variety of useful properties and 
applications, due to its characteristic microporosity and 
high surface area. It is mostly used for sorptive applica-
tions, since it can retain up to 250% of its own weight in 
water located in the channels or bonded to the surface. 
Sepiolite (meerschaum) is also widely used as a decolor-
izing agent [5,25,29].

This mineral is widely used to remove undesired 
components from household and industrial wastewa-
ters and also in various industrial manufacturing pro-
cesses, including the removal of organic compounds 
[30], heavy metals [31], ammonium and phosphate, 
anionic dyes (reactive blue 221 and acid blue 62), phenol 
and lignin [5].

In this study, the removal of Astrazon Blue FGRL from 
aqueous solutions using the low-cost material sepiolite 
(meerschaum) as the adsorbent by means of batch adsorp-
tion techniques was investigated. The common Langmuir 
and Freundlich equations were used to fi t the equilibrium 
isotherm. The dynamic behavior of the adsorption was 
examined in terms of the effects of initial dye concentra-
tion, temperature and pH. The adsorption rates were 
determined quantitatively and simulated with the pseudo-
fi rst-order and pseudo-second-order kinetic models.

2. Experimental

2.1. Materials

A commercial textile dye – Astrazon Blue FGRL (AB 
FGRL) – was obtained from Dystar, Turkey and used 
without further purifi cation. This dye consists of two 
main components, C.I. Basic Blue 159 and C.I. Basic Blue 
3, their ratio benig 5:1 (w/w), respectively. The struc-
tures of two dye components are displayed in Fig. 1.

This basic dye is not regarded as acutely toxic, but 
it can have various harmful effects [32,33]. This dye is 
mainly used as acrylic dyeing in the industry.

Sepiolite (meerschaum) used in this study was pro-
vided from Eskisehir Region, Turkey. It was crushed, 
ground, sieved through a 0.5–2 mm sieve, treated with 
distilled water to remove soluble impurities and dried at 
105°C for 2 h prior to use.

The infrared spectrum of samples were carried out 
with Digilab, Exalibur-FTS 3000 MX model (USA) in the 
range of 400–4000 cm−1. In order to prepare the sample 
pellets, the samples were diluted with IR grade Merck 
KBr (samples/KBr: 1/200 (w/w)).

For SEM analysis, JEOL/JSM-6335F model scanning 
electron microscope with 1000× and 50,000× magnifi ca-
tion was used. The specifi c surface area (BET) of sepiolite 
(meerschaum) sample was derived from N2 adsorption 
isotherms measured at liquid nitrogen temperature using 
a Quantachrome Instruments Nova 4000E instrument.

2.2. Adsorption experiments

Adsorption experiments were conducted in a ther-
mostatic shaker bath at 283, 293 and 313 K at constant 
initial concentration (100 mg l−1). The initial concentra-
tions of dye solutions were in the range of 25, 50, 100, 150 
and 200 mg l−1 and experiments were performed at 293 K.
The contact time, initial dye concentration, initial pH, 
and temperature were selected as experimental param-
eters. The pH of the solution was adjusted with NaOH or 
HNO3 solution by using a pH-meter (Hanna Instruments 
pH213 pH meter) equipped with a combined electrode. 
At the end of the adsorption period, the solution was 
centrifuged for 10 min at 5000 rpm and the concentration 
of dye remaining in the supernatant determined with a 
1.0 cm light path quartz cells using a spectrophotometer 
(PG Instruments T 60U UV/VIS) at λmax of 599 nm. The 
amount of adsorbed dye was calculated from the concen-
trations in the solution both before and after the adsorp-
tion. The calibration curve was plotted from the dye 
solutions prepared in the concentrations of 10–300 mg l−1. 
All experiments were repeated at least twice.

Fig. 1. Chemical structures of C.I. Basic Blue 159 (a) and C:I. 
Basic Blue 3 (b).
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2.3. Adsorption kinetics

Several kinetic models are available to understand 
the behavior of the adsorbent and to examine the con-
trolling mechanism of the adsorption process and test 
the experimental data. In the present investigation, the 
adsorption data were analyzed by using two kinetic 
models: the pseudo-fi rst-order and pseudo-second-
order. Conformity between the experimental data and 
the model-predicted values was expressed by means of 
the related correlation coeffi cients (r2). A relatively high 
r2 value indicates that the model successfully describes 
the kinetics of the dye adsorption. The pseudo-fi rst-
order model was presented by Lagergren [34].

A pseudo-fi rst-order equation can be expressed in a 
linear form as:

log log 3 3log .21 )k( t( )qe 0  (1)

where qe and q is the amounts of dye adsorbed (mg g−1) 
on the adsorbents at equilibrium and at time t, respec-
tively; and k1 is the rate constant of adsorption (min−1). 
Values of k1 were calculated from the plots of log(qe−q) 
versus t for different concentrations of the basic dye.

The sorption data was also analyzed in terms of 
pseudo-second-order mechanism described in Refs. 
[35,36].

The pseudo-second-order adsorption kinetic rate 
equation is expressed as:

d dq td ktd k= kk ( )q qtq−qqqqq
2

 (2)

where k2 is the rate constant of pseudo-second-order 
adsorption (g mg−1 min). Integrating and applying the 
initial conditions, we have a linear form as:

t qt tt = ( )k q⎡⎣⎡⎡ ⎤⎦⎤⎤ + ( )q ( )1 q  (3)

where qe is the amount of dye adsorbed at equilibrium 
(mg g−1). The second-order rate constants were used to 
calculate the initial sorption rate, h = k2qe

2. In addition, k2 
and qe values were calculated from the intercept and the 
slope of the linear plots of t/qt versus t.

2.4. Adsorption isotherms

The adsorption isotherm indicates how the adsor-
bate molecules distribute between the liquid and solid 
phases when the adsorption process reaches an equilib-
rium state. The analysis of the isotherm data by fi tting 
them to different isotherm models is an important step 
to fi nd a suitable model for design purposes [1,37]. In 
adsorption isotherm study, Langmuir and Freundlich 
equations are generally used as adsorption isotherm 

equations. For the liquid–solid system, the Langmuir 
and Freundlich isotherm equations basically assume that 
sorption can occur at specifi c sites within the adsorbent, 
and no further adsorption can take place at sites occu-
pied by dye molecules. Therefore, a saturation point is 
reached at equilibrium. No further adsorption can occur 
beyond this point. Thus, the saturation monolayer can 
be represented by the following expression [38]:

Ce( )C qeq/qeq ( )q KKq KK/1 ( )qq1/  (4)

where qm is the maximum amount of adsorption (mg 
g−1); K is the affi nity constant (l g−1) and Ce is the solution 
concentration at equilibrium (mg l−1). The Freundlich 
model assumes that the sorption takes place on het-
erogeneous surfaces and adsorption capacity depends 
on the concentration of dyes at equilibrium. The well-
known logarithmic form of Freundlich model is given 
by the following equation [38]:

ln l lF eq Kle ln Cln+FKlnln ( )1 n  (5)

where KF and n is the Freundlich constants related to 
adsorption capacity and adsorption intensity, respec-
tively. So, the plot of lnqe against lnCe in Eq. (5) should 
give a linear relationship whereby 1/n and KF can be 
determined from the slope and the intercept, respectively.

3. Results and discussion

3.1. SEM analysis

As stated in the literature, the fi ber length and thickness 
of layered sepiolite as bundles of fi ber can range between 
100 Å and 5 mm and between 50 and 100 Å, respectively 
[39,40]. However, the length of fi bers in sepiolite varies 
depending on the source of sepiolite. The maximum fi ber 
length and maximum thickness of Eskişehir sepiolite, 
Turkey was determined approximately as 4–5 μm and 
50–100 Å [41]. Scanning electron microscopy (SEM) micro-
graphs of sepiolite (meerschaum) samples are shown in 
Fig. 2. SEM micrograph of the sepiolite showed that it has 
a fi brous structure that there is a good possibility for dye 
to be trapped and adsorbed into this structure.

In BET measurements, specifi c surface area of raw 
sepiolite (meerschaum) was determined as 377.916 m2 g−1.

3.2. FT-IR analysis

The FTIR spectrum of raw sepiolite (meerschaum) 
is given in Fig. 3 The spectrum of raw sepiolite (meer-
schaum) has the characteristic bands at 3691 cm−1 
(stretching vibrations of hydroxyl groups attached to octa-
hedral Mg ions located in the interior blocks), 3581 cm−1 
(H–O–H stretching vibrations of water molecules 
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weakly hydrogen bonded to the Si–O surface), and 3452 
cm−1 (water OH-stretch), 1,663 cm−1 (OH-bending). The 
broad band around 3000–4000 cm−1 is due to H–O–H 
vibrations of adsorbed water [5,42,43].

In addition, the spectrum of raw sepiolite (meer-
schaum) had also the characteristic lattice vibrations at 
1211; 1090 and 984 cm−1 (the Si–O combination bands), 
1017 cm−1 (the basal plane of the tetrahedral units exhib-
iting the Si–O–Si plane vibrations), 450 cm−1 (Si–O–Mg 
of the octahedral–tetrahedral linkage) and 650 cm−1 
(Mg3OH-bending vibration) [21,22,43,44]. Dolomite 
impurities resulted in 1443 cm−1 band [5,21,24,43].

The FTIR spectrums of both raw sepiolite (meer-
schaum) and AB FGRL adsorbed sepiolite (meerschaum) 
are given together in Fig. 4 to allow straight comparison. 
Chemical interaction may occur between the organic 
molecule (dye) and clay matrix. FTIR analyses of dye 
adsorbed on clay (sepiolite) confi rmed this interaction. 

In case of interactions between organic molecule (dye) 
and clay (sepiolite), adsorbed dye molecule may be 
coordinated to oxygen plane (Si–O–Si) through water 
molecules. In addition, water molecules may displace 
from coordination sphere by dye molecules and it may 
take place a direct linkage with exchangeable cation in 
the interlayer [17,27]. This situation is observed as a new 
shoulder or broad peak at 3642 cm−1 in the OH stretch-
ing region in FTIR spectrum. In addition, the broad OH 
stretching band was shifted from about 3450 to about 
3440 cm−1. Therefore, FTIR spectra of sepiolite and 
Astrazon Blue indicate and confi rm interactions of the 
guest dye with hosting matrix structure [21].

3.3. Effect of initial dye concentration

The effect of initial dye concentrations on adsorption 
rate of sepiolite (meerschaum) is in the range from 25 to 
200 mg l−1 (Fig. 5).

The infl uence of the initial concentration of AB FGRL 
in the solutions on the adsorption rate of sepiolite (meer-
schaum) was investigated at various concentrations and 
pH 7. As shown in Fig. 5, the adsorption capacity of the 
dye increased from 29 to 293 mg g−1 by increasing the ini-
tial dye concentration from 25 to 200 mg l−1. This indicates 
the importance of initial dye concentration on the adsorp-
tion capacities of AB FGRL onto sepiolite (meerschaum).

3.4. Effect of temperature

Fig. 6 shows the effect of temperature and contact 
time on the adsorption process. The equilibrium adsorp-
tion capacity of AB FGRL onto sepiolite (meerschaum) is 

Fig. 2. SEM photographs of raw sepiolite (a, c), and AB FGRL 
adsorbed sepiolite sample (b, d).

Fig. 3. The FTIR spectrum of raw sepiolite sample.

Fig. 4. The FTIR spectrum of raw sepiolite (a) and AB FGRL 
absorbed sepiolite (b).
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also affected by temperature; this effect was investigated 
at 283, 293 and 313 K. As seen in Fig. 6, the optimum 
temperature is 293 K (the amount of adsorbed dye is 84 
mg g−1).

The equilibrium adsorption capacity of sepiolite 
(meerschaum) decreased from 84 to 61 mg g−1 at a con-
centration of 100 mg l−1 with temperature increasing 
from 283 to 313 K (Fig. 6). Accordingly, the adsorp-
tion of AB FGRL onto sepiolite (meerschaum) surface 
is favored at lower temperatures and controlled by an 
exothermic process. This is partly due to a weakening 
of the attractive forces [10,45,46] between AB FGRL and 
sepiolite (meerschaum).

3.5. Effect of pH

The pH of the solution affects the surface charge 
of the adsorbents as well as the degree of ionization of 
different pollutants. The hydrogen and hydroxyl ions 
are adsorbed quite strongly, and therefore the adsorp-
tion of other ions is affected by the pH of the solution. 
Change of pH affects the adsorptive process through 

dissociation of functional groups on the active sites of 
adsorbent surface. Consequently, this leads to a shift in 
reaction kinetics and equilibrium characteristics of adsorp-
tion process [47]. The adsorption of AB FGRL on sepio-
lite (meerschaum) was studied in a pH range of 4–10 at 
293 K and for 120 min. Initial dye concentration was 
100 mg l−1. Fig. 7 shows the effect of pH on the removal 
rate of AB FGRL on sepiolite (meerschaum).

The removal of AB FGRL by sepiolite (meerschaum) 
was increased with pH rise until pH = 10. Alkan et al. 
found that sepiolite (meerschaum) had a isoelectrical 
point at pH 6.6 and exhibited positive zeta potential val-
ues at lower pH values (6.6) and negative zeta potential 
values at higher pH values [48]. In this case, sepiolite 
(meerschaum) has negative zeta potential above pH 6.6.
Thus, it would be suitable to use higher pH values than 
isoelectrical point pH for the adsorption of cationic dyes. 
As the pH of the dye solutions becomes higher than the 
isoelectrical point pH, the association of dye cations 
with negatively charged sepiolite (meerschaum) surface 
can more easily take place as follows:

SO Dye SO Dye− +D − +Dye+ =Dye+Dye  (6)

According to Eq. (6), the adsorption rate of AB FGRL 
dyes on sepiolite (meerschaum) increases with alkaline 
pH values. Similarly, other studies reported higher 
removal rates of AB FGRL in the alkaline pH range 
[47–52].

3.6. Adsorption kinetics

In order to quantify the applicability of the pseudo-
fi rst-order and pseudo-second-order models, correla-
tion coeffi cients (r2) were calculated from the plots. 
The linearity of these plots indicates the applicability 
of both models. However, the correlation coeffi cients 
(r2) showed that the experimental data fi t the pseudo-
second-order model (r2 ≈ 0.998 – 0.999) better than the 

Fig. 5. Effect of initial dye concentration and contact time 
(0.1 g 200 ml−1 adsorbent, 293 K, pH = 7, 200 rpm).
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 pseudo-fi rst-order model (r2 ≈ 0.773 – 0.997) (Figs. 8 and 9, 
Table 1). This was observed in the comparison of qe val-
ues obtained from the pseudo-fi rst-order plots with the 
experimental qe values. The experimental qe values and 

those obtained from the slopes of the pseudo-second-
order plots showed a better agreement (Table 1).

3.7. Isotherm studies

The Langmuir and Freundlich parameters for the 
adsorption of AB FGRL are listed in Table 2. Isoterm coef-
fi cients in Table 2 were obtained from Fig. 10. Isotherm 

Fig. 8. Second-order kinetic equation for adsorption of AB 
FGRL (293 K, solid–liquid ratio: 0.1 g 200 ml−1, pH 7, particle 
size: 0.1–2.5 mm).
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Table 1
Kinetics data calculated for adsorption of AB FGRL on sepiolite

Parameters  Kinetic models

T (K) C0 (mg l−1) pH Pseudo-fi rst-order Pseudo-second-order

   r2 k1 (min−1) qe experimental 
(mg g−1)

qe calculated 

(mg g−1)
r2 k2 

(g mg−1 min)
qe experimental 

(mg g−1)
qe calculated 

(mg g−1)

293   25 7 0.773 28.98 28.98 11.96 0.999 9.95 × 10−3 28.98 30.03

293   50 7 0.785 88.285 88.285 59.84 0.999 1.84 × 10−3 88.285 94.33

293 100 7 0.979 162.573 162.573 273.09 0.998 7.20 × 10−4 162.573 178.57

293 150 7 0.922 243.429 243.429 273.09 0.998 6.25 × 10−4 243.429 312.5

293 200 7 0.922 292.858 292.858 273.09 0.998 6.25 × 10−4 292.858 312.5

283 100 7 0.959 162.573 162.573 72.36 0.999 1.00 × 10−3 162.573 129.87

293 100 7 0.997 0.034 162.573 102.54 0.998 7.18 × 10−4 162.573 178.57

303 100 7 0.952 0.035 162.573 54.66 0.998 8.62 × 10−4 162.573 129.87

Table 2
Langmuir and Freundlich parameters for the adsorption of 
AB FGRL

Dye Langmuir Freundlich

qm 
(mg g−1)

K 
(l g−1)

r2 n KF 

(mg1 − 1/nl1/ng−1)
r2

Astrazon 312.5 0.15 0.916 2.05 5.24 0.987

Blue FGRL      
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plot Freundlich isotherm model fi ts very well when the 
r2 values are compared. One of the Freundlich constants 
(KF) indicates the adsorption capacity of the adsorbent, 
while the other (n) is a measure of the deviation from 
linearity of the adsorption. If n value is equal to 1, the 
adsorption is linear; on the other hand if n is below 1, 
the adsorption process is chemical, and if n is above 1, 
adsorption is a favorable physical process. The value of 
n at equilibrium (2.05) suggests that physical adsorption 
is dominant with respect to chemical adsorption, which 
indicates weak adsorption bonds [53] and the presence 
of Van Der Waals forces.

4. Conclusions

Sepiolite (meerschaum), as an adsorbent, has a con-
siderable potential for removing AB FGRL in adsorption 
systems because of its high surface area. Equilibrium 
adsorption was achieved in about 90 min. The adsorp-
tion is highly dependent on the concentration, pH and 
temperature of the solution. The pH value affects the 
surface charge of the adsorbent and the degree of ion-
ization of adsorbate.

The kinetics of AB FGRL adsorption onto sepiolite 
(meerschaum) was examined by using the pseudo-fi rst-
order and pseudo-second-order kinetic models under 
different initial dye concentrations, temperatures and 
pHs. The pseudo-second-order proved to better predict 
the adsorption behavior agreeing with physisorption 
being rate-controlling because it is fundamentally based 
on the adsorption capacity.

The experimental data perfectly fi tted with the 
Freundlich isotherm, showing that the surface of the 
sepiolite (meerschaum) particle is heterogeneous, non-
specifi c and non-uniform in nature. It may be concluded 
that sepiolite (meerschaum) can be used for the selective 
sorption of textile dye effl uents from wastewater. Sepio-
lite (meerschaum) can therefore be considered a low-
cost, naturally abundant and locally available adsorbent 
for dye removal useable as an alternative to more expen-
sive adsorbents such as activated carbon.
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