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Reactive Blue 15 (RB 15) adsorption on the Turkish Sepiolite was carried out by batch equilibrium tech-
nique. IR spectrum and surface area measurement of the composite of dye-sepiolite (Turkish) pointed
out that dye species replaced partly the zeolitic water to form hydrogen bond with bound water and
adsorbed to the channels sites. The effects of temperature, pH and ionic strength on adsorption of dye
molecules were investigated and the nature of adsorption process was determined by calculating AH, AS
and AG values. The adsorbed amount increased with increase in temperature, but that for high pH values
decreased for the adsorption of reactive dye.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The colourants have been used for painting and dyeing of
surrounding, skin and cloth by people since the beginning of
humankind and they were from natural origin until 19th century.
Recent statistics have shown that the production and consump-
tion of dyes in the world have arrived about 700,000 tonnes [1].
Dyes containing chromophores and auxochromes groups can be
classified as reactive, metal complex, acid, direct, basic, disperse,
pigment, mordant, vat, sulphur, anionic, solvent, ingrain and oth-
ers. The most of the reactive dyes including a reactive group such as
vinyl sulphone are azo or metal complex azo compounds and inter-
act with cotton, wool, etc., to form covalent bond. The release of
these dyes, which have the lower degree of fixation due to hydrol-
ysis of reactive groups in the water phase, into the environment is
undesirable.

Generally, physicochemical and biological methods such as
precipitation, flotation, ion exchange, adsorption, oxidation and,
bacterial and fungal biosorption and biodegradation (aerobic,
anaerobic and anoxic) can be employed to remove colour from dye
containing wastewaters [2,3].
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The photocatalytic degradation, microemulsions and biological
techniques were applied to reduce azo dye effects in the wastew-
ater [4-6]. However, the many researchers have focused on the
other alternatives [7-10] because the economically feasible of the
process employed is very important. For this purpose, the cheap
and efficient alternate materials including clays as sepiolite, etc.,
are used because of their high-specific surface area, high adsorp-
tion capacity, microporous structure. The sepiolite is a clay mineral
with an ideal formula MggSi120309(OH), and also the unit cell of
the sepiolite corresponding to the orthorhombic system consists of
microchannels [11-13]. This mineral is commonly used as adsor-
bents, fillers, colour changing agent, catalyst or catalyst supports
[14-16].

Mobile cations in the SiO4 tetrahedral sheet (AI3* and Fe3*)
and MgOg octahedral sheet (Fe2*, Fe3*, AI3*, Mn2* and Ti%*) and
exchangeable ions (Ca%* and Mg2*), and variable amounts of zeolitic
water in the ideally rectangular channels give rise to high surface
areas and structural changes [11,13,16-18].

The behaviour of the sepiolite when treating with some organic
molecules has been studied by the some researchers [17,19-21].
Sorption of organic molecules such as 15 Crown Ether 5, Crystal
Violet, Methylene Blue on the sepiolite showed that there are free
negative sorption sites (P~) and neutral sorption sites (N) on its sur-
face [20,22]. The studies of adsorption of monovalent and divalent
organic cations on the sepiolite exhibited that monovalent organic


http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:ahmtabak@hotmail.com
dx.doi.org/10.1016/j.jhazmat.2008.04.062

1088 A. Tabak et al. / Journal of Hazardous Materials 161 (2009) 1087-1094

Table 1
Chemical composition of the Turkish Sepiolite

Constituents Weight percent (%)

SiO, 51.95
MgO 23.35
Al;03 2.14
F6203 0.41
Na,0 0.22
K;0 0.36
Cao 2.77
TiO, 0.08
SO3 0.52
Loss of ignition 18.46

cations may bind to charged and neutral sites of sepiolite but diva-
lent organic cations bind to the charged sites only. However, there
have not been any studies in the literature on the adsorption prop-
erties of Reactive Blue 15 (RB 15) dye on the Turkish Sepiolite.

In this work, our first purpose was to investigate the effects of
temperature, pH and ionic strength on adsorption process of reac-
tive dye on the Turkish Sepiolite which constitutes a part of the
abundant sepiolite mineral reserves of Turkey. And second one is to
enlighten the interactions between this dye molecule and the Turk-
ish Sepiolite, using Fourier transform infrared spectroscopy (FTIR),
the surface area measurements, and thermodynamic data.

2. Experimental
2.1. Materials

The sepiolite used was obtained from the Eskisehir region, in
Turkey. The chemical composition of the Turkish Sepiolite is given
in Table 1.

RB 15 dye used in this study was obtained from Sigma. The
molecular structure of this dye is shown in Fig. 1.

2.2. Adsorption procedure

The natural Turkish Sepiolite was treated with distilled water
to remove the soluble impurities before adsorption procedure. The
obtained suspension was filtered and the supernatant was dried
at 105°C for 12 h. Adsorption experiments on the Turkish Sepio-
lite were made using the batch method. 100 mg of adsorbent and
50 ml of an aqueous solution of each dye in the concentration range
(1.0 x 10> to 1.4 x 10~* M) were put into plastic tubes and shaken
rigorously in the different temperature intervals of 25, 35, 45 and
55°C. Adsorption process to determine the final equilibrium was
followed from 5 to 180 min. The effects of pH and electrolyte on
the reactive dyes adsorption were determined over a range of pH

NaO,S

NaO,S$

SO,Na

SO,Na

Fig. 1. The molecular structure of the RB 15 dye molecule.

from 2.5 to 9.5 and in the varying concentration of 0.1, 0.2, 0.3,
0.4 and 0.5 mol/L NaCl, respectively. After the adsorption equilib-
rium is reached, the suspensions were centrifuged at 15,000 rpm
and the concentrations of adsorbed dyes were by the Unicam UV2
UV-vis spectrophotometer. The measurements were made at the
wavelength Amax =675 nm for RB 15 dye.

The amounts of dye retained by the Turkish Sepiolite (ge) were
calculated by the following equation:

e = (Co -GV

W

Here CO and C. are initial and equilibrium concentrations of dye
solutions (mg/L), respectively, V are volumes of dye solutions and
W is the mass of the Turkish Sepiolite used (g).

2.3. The measurement of surface charge

Surface charge of the sepiolite sample was measured in 50 cm—3
of 10-3, 102 and 10~! M NaCl solutions by potentiometric titration
of the sepiolite suspension. The Turkish Sepiolite sample (0.4 g) was
added to a given electrolyte solution and the suspension was equili-
brated under N, at its natural pH for 4 h. The suspension was mixed
with a magnetic stirrer and the temperature was maintained at
25°C. Following equilibration, the pH value was adjusted by adding
of 0.1 M HCl solution. Suspension was then titrated by the addition
of 0.1 M NaOH solution. After each addition of a small amount base,
it was stable for 5 min and pH was recorded. To check reversibility,
suspension was back titrated with 0.1 M HCI solution [23].

2.4. The characterization of the Turkish Sepiolite

FTIR spectra of the untreated Turkish Sepiolite and Turk-
ish Sepiolite-dye composite were recorded in the region 4000-
200cm~! on a Mattson-1000 FTIR spectrometer at a resolution
of 4cm~1. The bands in the IR spectrum of the untreated Turkish
Sepiolite (Fig. 2) may be summarized as follows: (i) the band of
the triple bridge group MgzOH is at 3697 cm~1, (ii) the absorption
of the structurally bound water is seen at 3591 cm~! and (iii) the
stretches at the 3620 and 3451 cm~! and the OH-bending mode at
1660 cm~1 are associated with zeolitic water. The lattice vibrations
are given as follows: (a) the Si-O combination bands at 1213, 1090
and 987 cm~1, (b) the basal plane of the tetrahedral units exhibiting
the Si—O-Si plane vibrations at 1019 and 474 cm~?, (c) the feature at
442 cm~! arising from the Si-O-Mg of the octahedral-tetrahedral
linkage and (d) Mg3OH-bending vibration at 655cm~! [11,24].
Dolomite impurities give rise to the 1440 cm~! band [13].
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|
4000 3000 2000 1000 200

Wavenumbers (cm’')

Fig. 2. FTIR spectrum of the Turkish Sepiolite.
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Fig. 3. Thermal analysis curve of the Turkish Sepiolite.
Table 2

Thermoanalytical data for the Turkish Sepiolite

Compound Temperature range (°C) Mass loss (%) Total mass loss (%)
Turkish Sepiolite 20-105 1.92

180-232 0.60

232-326 1.79

580-725 13.21 17.52

Simultaneous TG and DTA analyses were carried out on a
Rigaku TG 8110 thermal analyzer combined TAS 100 (range
25-100°C) under nitrogen flow (80 mImin~') with a heating rate
of 10°Cmin~'. The thermal behaviour of the Turkish Sepiolite is
represented in Fig. 3 together with the mass losses in each stage in
Table 2. Two endothermic peaks at 25-105 and 180-232°C on the
DTA curves of the Turkish Sepiolite corresponds to the removal of
moisture and zeolitic water [19,25] which have mass losses by 1.92
and 0.60%, respectively. An endothermic peak at 232-326 °C which
exhibit a mass loss by 1.79%, represents the desorption of bounded
water. In addition, dehydroxylation process and decomposition of
the dolomite impurity occur in the temperature ranges 580-720
and 725-823°C which is followed by a phase change exothermic
peak at 851°C [19,21,24-26].

XRD pattern was traced on a Rigaku 2200 automated powder
diffractometer using Ni filtered Cu Ko radiation (A, 1.54050 A). The
Turkish Sepiolite was characterized by strong reflections at 7.04°
and 7.12° (26) of d(110) and (00 1) values about 12.55 and 12.42 A,
respectively, and a weak reflection at about 19.6° 26 and several
very weak reflections (Fig. 4). However, XRD spectrum of the same
sample showed strong peaks at 30.88° and 41.04° 26 due to the
dolomite impurity.

Surface areas for the untreated Turkish Sepiolite and Turkish
Sepiolite-dye composite were measured by nitrogen adsorption at
77 K using Quantachromosorb.
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Fig. 4. XRD spectrum of theTurkish Sepiolite.
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Fig. 5. Net proton consumption vs. pH curves of the untreated Turkish Sepiolite in
Nacl solutions.

2.5. Surface properties of sepiolite sample from potentiometric
titration

Asis shown in Fig. 5, the interaction of the H* and OH~ ions with
the Turkish Sepiolite surface was reflected in the shift of the titra-
tion curves in electrolyte solutions of NaCl. The titration curves of
sepiolite sample at different ionic strengths were not display a com-
mon intersection point. Instead, the curves are parallel and shifted
towards lower pH at higher ionic strength. This trend observed on
the Na-MX80 montmorillonite in continuous titrations [27]. Recent
papers [28-31] have shown that the absence of common inter-
section point can be explained by direct or indirect effects of the
structural charge on the dissociation of the edge sites and dissolu-
tion of minerals.

3. Results and discussion
3.1. Adsorption model

The Langmuir and Freundlich isotherm models were applied to
the experimental data (Figs. 6 and 7). The data confirm the linear
0.50 7
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Fig. 6. The Langmuir Adsorption isotherm of RB 15 dye onto the Turkish Sepiolite.
Contact time 3 h, temperature 295.15K.
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Table 3
Langmuir and Freundlich parameters for the adsorption of RB 15 dye onto the Turkish
Sepiolite sample

Dye Langmuir Freundlich
gm(mglg)  Ki(llg) R n K (mgU-'UmLlnjg) R
RB 15 31.98 0.12 0.974 129 343 0.999

form of Langmuir model (Eq. (2)) [32] as follows:

C _Ce 1
Kigm

de  qm
where Ce is the equilibrium concentration of dye (mg/l) and ge is the
amount of the dye adsorbed (mg) by per unit of sepiolite (g). gm and
K are the Langmuir constants related to the adsorption capacity
(mg/g) and the equilibrium constant (1/g), respectively. The Lang-
muir monolayer adsorption capacity (qm) gives the amount of the
dye required to occupy all the available sites per unit mass of the
sample. The Langmuir monolayer adsorption capacity of RB 15 dye
was estimated as 31.98 mg/g (Table 3). The adsorption capacity of
the sepiolite for the removal of anionic dye has been compared with
that of other adsorbents reported in literature. The values reported
in the form of monolayer adsorption capacity. The experimental
data of the present investigation are comparable with the reported
values. For example, adsorption of Everzol Red 3BS on the sepiolite
follows the Langmuir isotherm model with an adsorption capac-
ity of 108.8 mg/g [33]. Huang et al. [34] have reported a Langmuir
monolayer capacity, gm, of 91.74 mg/g at for Reactive Red MF-3B
onto organoclay. Langmuir adsorption capacity for Reactive Black
5 adsorption on powdered activated carbon and fly ash has been
shown to be 58.82 and 7.93 mg/g, respectively [35]. The uptake
of reactive dye RR 222 on activated clay has Langmuir monolayer
capacity gm =36.4mg/g [36]. Wu [37] found the Langmuir adsorp-
tion capacity for reactive dye onto carbon nanotubes as 39.84 mg/g
at pH 6.5 and 301 K. The comparison of qr, value of the Turkish Sepi-
olite used in the present study with those obtained in the literature
shows that the Turkish Sepiolite is as effective as other adsorbents.

The adsorption equilibrium data was also applied to the Fre-
undlich model (Eq. (3)) [38]:

(2)

log ge = log K¢ + (%) log Ce 3)

where Kf and n are Freundlich constants related to adsorption
capacity and adsorption intensity, respectively. Freundlich param-
eters (Kr and n) indicate whether the nature of adsorption is either
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Fig. 7. The Freundlich adsorption isotherm of RB 15 dye onto the Turkish Sepiolite.
Contact time 3 h, temperature 295.15K.

favourable or unfavourable. The intercept and slope are indica-
tors of adsorption capacity and intensity, respectively. A relatively
slight slope n« 1 indicates that adsorption intensity is good (or
favourable) over the entire range of concentrations studied. Adsorp-
tion intensity is good (or favourable) at high concentrations while
a steep slope (n>1), but much less at lower concentrations. A high
value of the intercept, K, is indicative of a high adsorption capacity.
In the RB 15 dye adsorption system, n value is 3.43, which indicates
that adsorption intensity is good (or favourable) over the entire
range of concentrations studied. The Kg value of the Freundlich
equation (Table 3) also indicates that RB 15 dye has a very high
adsorption capacity in aqueous solution.

3.2. IR spectroscopic and surface area analysis of adsorbed dyes
species on the Turkish Sepiolite

In the case of interactions between organic molecules and
clays such as sepiolite, smectite, vermiculite, etc., the adsorbed
these molecules may be either coordinated to oxygen plane (Si-
0-Si) through water molecules or displaced the same water
molecules from sphere of the coordination to take place a direct
linkage exchangeable cation in the interlayer [15]. In the case of
the IR spectra of the untreated Turkish Sepiolite and the dye com-
posites of Turkish Sepiolite (for OH stretching regions), the shift
of the broad OH stretching band from 3451 to 3440 cm™! (Fig. 8a)
and the observed sharpness, and also appearance of additional N-H
stretching band at 3490 cm~! (Fig. 8b) should be an evidence that

(b)

3591

3490 3440

(a)

3620

3591
3451

Wavenumber (cm™)

Fig. 8. (a) The IR spectra of the untreated Turkish Sepiolite and (b) the Turkish
Sepiolite-dye composite.
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Fig. 9. Effect of initial pH for the adsorption of RB 15 dye onto the Turkish Sepiolite.
T=295.15K, initial pH 6.0, n=2g/L, Co =20 mg/L.

these species replaced partly the zeolitic water which is hydrogen-
bonded to bound water.

From IR data it was concluded that the interaction between the
RB 15 dye molecules and the Turkish Sepiolite was through its N-H
group.

The dimensions of channels for the sepiolite are usually about
10.6 x 3.7 A[17]. In the case of the large RB 15 dye molecule, where
3D picture of its for which the height determined from the bonds
lengths as ~10 A points out that its entry into the Turkish Sepio-
lite channels is prohibited. It was from geometrical consideration
of this dye molecule concluded that dye species adsorb to the chan-
nels sites [22]. Decrease of the surface area of the untreated Turkish
Sepiolite (274m2g-1) to 82m2g-! for the Turkish Sepiolite-dye
composite may be taken as another proof for this result. The
decrease in the surface area of the Turkish Sepiolite-dye compos-
ite may be explained in terms of the micropore openings blocked
by the dye species adsorbed to the channels sites which form a
macroporous structure [39].

3.3. Initial pH and ionic strength effects on the adsorption of dyes

The effect of initial pH of dye solution on removal of the dye is
shownin Fig. 9. At pH, ranging from 2.5 to 9.5, the effect of initial pH
on the dye removal was slight, and the final pH values were all stabi-
lized around 7.2. The slight effect of pH on the dye removal as well as
high and stable final pH of the suspensions is mainly determined
by the nature of large pH buffer capacity of sepiolite suspension.
Therefore, pH is not a critical limiting factor in pursuing a high effi-
ciency of the dye removal using sepiolite and no rigid pH control
is needed. That is an important advantage for sepiolite application
because dye removal using conventional adsorbents or chemical
coagulants is strongly pH-dependent and thereby an optimal pH
condition should be remained to achieve a satisfactory result. As
seen from these figures, it was observed that the amount of this
adsorbed dye increased below pH 3.0. This result is closely related
to the surface charge of the adsorbent and the degree of ionization
of adsorbate. At low pH (pH <3.0), the surface of sepiolite becomes
positively charged, whereas the solution/sepiolite interface and its
surface at gradual higher pH appear neutral or negatively charged
due to the deprotonation of the surface. The electrostatic attraction
between positively charged adsorption sites and negatively charged
dye anions for pH values lower than ~3.0 causes an increase in the
adsorbed amount of dye, but the electrostatic repulsion between
the two groups with different charge for the higher pH dominates.
As a result, while the little increase in the positively charged sites

14.0 4
13.0
3"‘0 12.0
=)
g
S 1104
10.0
9.0 T T T T 1
0 0.1 0.2 03 0.4 0.5

Added NaCl (mol/L)

Fig. 10. Effect of solution ionic strength on the adsorption of RB 15 dye onto the
Turkish Sepiolite. T=295.15K, initial pH 6.0, m=2g/L, Co =20 mg/L.

on the sepiolite for the adsorption of this anionic dye is the driv-
ing power at strong acidic pH. Nevertheless, significant adsorption
of the anionic dye on the adsorbent still occurred at high pH val-
ues due to the fact that a chemical interaction between RB 15 dye
and the Turkish Sepiolite taken place. This was further proved by
the change in the FTIR spectra of the Turkish Sepiolite before and
after dye adsorption (Section 3.2). The interaction of the anionic dye
with the surface of the sepiolite material is expected to be mainly
between the Lewis acid sites, which are related to delocalized
electrons on the surfaces of the sepiolite, and (i) the free electrons
of the dye molecule resulting from several aromatic rings and dou-
ble bonds; (ii) the negatively charged ion of the dye. The significant
adsorption of the anionic dye on the sepiolite at high pH values can
be attributed to the fact that Lewis acid sites attract and thus local-
ize  electrons of the condensed aromatic sheets on the surface of
this adsorbent.

The ionic strength effect of the medium on the adsorption ability
of the Turkish Sepiolite sample towards dyes at pH 6.0 was inves-
tigated using NaCl solutions from O to 0.5M. As seen in Fig. 10,
increasing the ionic strength of the solution causes the decrease in
the adsorption of dye onto Turkish Sepiolite surface. The amount
of adsorbed dye by sepiolite sample decreases parallelly with the
increase in the ionic strength of the medium. This result can be
explained by the reduction in the positive surface potential of the
Turkish Sepiolite sample [40,41].

3.4. Effect of temperature on adsorption

Using the following equations, the thermodynamic parameters
of the adsorption process were determined from the experimental
data:

AS_AH

InKy = R R (4)

AG=AH-TAS (5)
— e

Kq = C. (6)

where Ky is the distribution coefficient for the adsorption, AS, AH
and AG are the changes of entropy, enthalpy and the Gibbs energy,
T (K) is the temperature, R (J/mol K) is the gas constant. The values
of AH and AS were determined from the slopes and intercepts of
the plots of In Ky vs. 1/T (not showed).

As givenin Table 4, the adsorption of the RB 15 dye onto the Turk-
ish Sepiolite sample is an endothermic process, which indicates
that the amount of the adsorbed dye increases at higher tempera-
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1;21fntdynamic data for adsorption of RB 15 dye onto the Turkish Sepiolite sample

Sample AH (kJ/mol) AS (J/mol K) AG (kJ/mol) R?
298.15K 313.15K 323.15K 333.15K

RB 15 1.95 15.0 —2.52 —2.75 —2.90 —3.05 0.98

tures. This result may be explained with increase in the mobility of
the large dye molecules depending on increase in temperature and
a number of these molecules to interact adsorption cites. Subse-
quently, the increasing mobility of dye molecules. Moreover, the
alteration of temperature from room temperature to 55°C may
induce a swelling effect within the internal structure of the sepiolite
enabling the same molecules to penetrate further. The endother-
mic process also supports the possibility of bonding between the
adsorbate and the sepiolite product. Thus, it was concluded that
the amin (NH;) groups of dye might interact with acid oxide sites
on the Turkish Sepiolite.

The AG and AS values for adsorption of reactive dye are given
in Table 4. The nature of adsorption process is spontaneous due to
the negative values of AG, and also the positive AS values for the
same process are in parallel with the result. The positive AS value
shows that the RB 15 dye and the Turkish Sepiolite surface impose
a new and ordered structure on the surrounding water molecules.
The decrease in the number of water molecules surrounding the
dye molecules and the positive value of AS, point out the increased
randomness at solid-solution interface during the adsorption of
this dye on the Turkish Sepiolite. Furthermore, values of T,, AS
can be calculated from the experimental data where T,y represents
the average values of the range of temperature used for adsorption
studies. It is found that AH<T,, AS for the sepiolite. This means,
although contribution of AH are not negligible, but the influence
of entropies are more remarkable. The negative AG values indicate
that the adsorption process is thermodynamically feasible at room
temperature.

Thermodynamic data on anionic dye adsorption on different
adsorbents are scarce. Abdelwahab [42] reported the ther-
modynamic parameters for adsorption of reactive orange on
loofa-activated carbons (LC). AH and AS values were —14.2 kJ/mol
and +8.59]J/mol K for LC1, —17.93 kJ/mol and +13.65J/mol K for LC2.
Dizge et al. [43] reported that AH and AS for adsorption of Rema-
zol Red onto fly ash has values of +13.93 kJ/mol and +63 J/molK,
respectively. Dai [44] investigated the adsorption of carmine and
titan yellow onto activated carbon. The values of AH, and AS were
reported as —130 kJ/mol and —1.4 J/mol K for carmine at pH 3.5 and
—13 kJ/mol and —5.0]/mol K, respectively, for titan yellow at pH 3.5.
Gupta et al. [45] have reported that AH and AS for adsorption of
Naphthol red-] onto nontronite mineral has values of +20.50 k] /mol,
and 76]/molK at pH 4,and 4.25kJ/mol and 20]/molK at pH 9,
respectively. These values are not much different from the values
obtained in this work.

3.5. Adsorption kinetic

Several kinetic models are available to understand the behaviour
of the adsorbent and to examine the controlling mechanism of
the adsorption process and also to test the experimental data. In
the present investigation, the adsorption data were analyzed using
three kinetic models: the pseudo-first-order, pseudo-second-order
kinetic and the intraparticle diffusion models.

The pseudo-first-order model was presented by Lagergren [46].
The Lagergren'’s first-order reaction model is expressed as follows

by Giirses et al. [47] and El-Khaiary [48]:

dqe
dt = ki(qe — q¢)

where ¢ and g, are the amounts of dye (mmol/g) adsorbed on the
clay at equilibrium, and at time t, respectively and kq is the rate
constant (min—1). Integrating and applying the boundary condition
(t=0and q;=0) to (t=t and ge = q;), Eq. (7) takes the form:

(7)

k
log(ge — q1) = o8 de ~ (5355 ) ¢ (8)

The rate constant k; was obtained from slope of the linear plots
of log(ge — q¢) against t.

The sorption data was also analyzed in terms of pseudo-second-
order mechanism, described in Refs. [47,48]:

dq;
dt = ka(qe — q¢ )

where ky is the rate constant of pseudo-second-order sorption
(g/mgmin). Integrating and applying boundary conditions (t=0
and q;=0) to (t=t and ge =q;), Eq. (9) becomes

(9)

t

gt= —— (10)
7 (1/k2qe2) + (1/ge)
which has linear form as

1 1

= - 11
qr kage? +(1/qe)t ()

If initial adsorption rate [47,48] is

h= kzqez (12)
then Egs. (10) and (11) become
qr = L E— (13)
CT )+ (1ge)
and

t 1 1

— =4t 14
qt h " qe (14

If second-order kinetics is applicable, the plot of t/q; against t
should give a linear relationship from which the constants geh and
k, can be determined.

Table 5 lists the results of the rate constant studies for different
initial pH values by the pseudo-first-order and pseudo-second-
order models at 295.15K. It is seen that the correlation coefficient
of pseudo-first-order kinetic are lower than that of the pseudo-
second-order kinetic model. This finding shows that kinetics of
the dye adsorption by the Turkish Sepiolite is better described by
pseudo-second-order kinetic model rather than pseudo-first-order
model. For the pseudo-second-order model in Table 5, the rate con-
stant for the dye generally decreased with the increase of the initial
pH value. At lower pH values, dye ions present in the adsorption
medium could interact with the binding sites, hence higher rate
constant results. At higher pH values, the rate constant of the dye
adsorption onto the Turkish Sepiolite shows a decreasing trend due
to the ionization of the adsorption sites.
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Table 5

Kinetic parameters for the adsorption of RB 15 dye onto the Turkish Sepiolite sample at different initial pH values

pH Pseudo-first-order model Pseudo-second-order model
R? ki (x10% min—1) R? ge (Mg/g) h (mg/g min) k> (x102 g/mg min)
3 0.684 5.46 0.999 5.97 3.97 11.13
RB 15 5 0.643 4.65 0.999 5.03 1.99 7.85
9 0.880 8.12 0.999 3.95 0.63 3.99

4. Conclusions

The results of the adsorptions of RB 15 dye species on the Turk-
ish Sepiolite demonstrated that the functional groups of adsorbate
and water molecules of adsorbent played an active role. The data
obtained Fourier transform infrared (FTIR) and surface area mea-
surement techniques indicated that the RB 15 dye molecules adsorb
to the channels sites of the Turkish Sepiolite. The increase in the
adsorbed amount depending on the decrease in the pH of dye-clay
suspensions imparted the increase of the electrostatic attraction
between positively charged adsorptive sites and negatively charged
dye anions. In addition, the alterations of the ionic strength of
the solutions were in agreement with this result. The cause of
increasing of adsorbed amount with decreasing ionic strength is
that; increase in the ionic strength, increases the negative charge
of the surface, resulting in greater repulsive of dye anions. In the
case of the increasing temperature, the observed positive enthalpy
change points out the possibility of bonding the adorbate and
adsorbent. Furthermore, the negative values of AG and positive
AS value showed that the nature of adsorption process was the
spontaneous.
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