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Abstract

The adsorption of Acid Red 57 (AR57) onto surfactant-modified sepiolite was investigated in aqueous solution in a batch system with respec
to contact time, pH and temperature. The surface modification of surfactant-modified sepiolite was controlled using the FTIR technique. The
pseudo-first-order, pseudo-second-order kinetic models and the intraparticle diffusion model were used to describe the kinetic data and tt
rate constants were evaluated. The experimental data fitted very well the pseudo-second-order kinetic model and also followed the intrapartic
diffusion model up to 90 min, whereas diffusion is not only the rate controlling step. The Langmuir and Freundlich adsorption models were
applied to describe the equilibriumisotherms and the isotherm constants were also determined. The Freundlich model agrees with experiment
data well. The activation energy, change of free energy, enthalpy and entropy of adsorption were also evaluated for the adsorption of AR57 ont
surfactant-modified sepiolite. The results indicate that surfactant-modified sepiolite could be employed as low-cost material for the removal
of textile dyes from effluents.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction siderable problems in the wastewater treatment industry. It
is difficult to remove this kind of waste because they are

The environmental issues surrounding the presence ofstable to light, heat and oxidizing agents and are biologi-
color in effluent are a continuing problem for dyestuff man- cally non-degradable. Furthermore, conventional biological
ufactures dyers, finishers and paper-making industry, sinceand chemical processes are insufficient in removing these
increasingly stringent color consent standards are beingcontaminants, with the majority of the research in this area
enforced by regulatory bodies to reduce the quality of color conducted using adsorption technid@e4]. This technique
in effluent and water coursgl. This effluentis also carcino-  is one of the most promising processes of removing pollutant
genic and poses a serious hazard to aquatic living organismsfrom wastewater. Even though activated carbon is the most
As aresult, many governments have established environmenwidely used adsorbent for the removal of color from textile
tal restrictions with regard to the quality of colored effluents effluents since it has a high surface area, and high adsorption
and have forced dye houses to decolorize their effluentscapacity, its use is limited due to its high cost and a need
before dischargingp]. for regeneration after each adsorption experinigrg]. In

The treatment of textile waste comprising of dyestuffs and order to decrease the cost of wastewater treatment, attempts
other non-biodegradable organics and inorganic poses conhave been made in finding inexpensive adsorbents. Stud-

ies indicated that many materials, such as chitosan, bagasse
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number of studies were achieved using natural clay of sepi-dried at 110C in oven for 2 h before use. Sepiolite was char-
olite as an adsorbent including catalyst support, wastewateracterized with respect to cation exchange capacity (CEC)
treatment, solid wastes, reducing the toxic effect of some and the surface area by methylene blue mef@ag22] The
heavy metals and pesticidfst] but the adsorption of Acid ~ CEC and surface area of sepiolite were 544.3 mmokand
Red 57 onto surfactant-modified sepiolite has not been found426.0 nf g—1, respectively.
in the literature.
Sepiolite is with (Si2)(Mgs) Oz0(OH)a(OHz)4-8H20 [15] 2.2. Material characterization
as a unit-cell formula is a magnesium hydrosilicate with a
micro-fibrous structure and a theoretical high surface areaand The chemical analysis of natural sepiolite was determined
high chemical and mechanical stability. These characteristicsby using an energy dispersive X-ray spectrometer (EDX-
of sepiolite are related to its powerful adsorbent properties LINK ISIS 300) attached to a scanning electron microscope
and its ability to adsorb organic or inorganic ions. A general (SEM-Cam Scan S4). The crystalline phases present in the
structure of sepiolite formed by alternation of blocks and sepiolite were determined by using X-ray diffractometer
tunnels that grow up in the microfibre direction. Each block (XRD-Rigaku Rint 2000) with Cu K radiation.
consists of by two tetrahedra silica sheets enclosing a central FTIR spectra were recorded (KBr) on a Jasco FT/IR-300E
octahedral magnesia sheet but the silica sheets are discontinmodel fourier transform infrared spectrometer to observe sur-
ued and inversion of these sheets that give rise to structuralface modification.
tunnelg[14,16-19]
The surface properties sepiolite may be greatly modified 2.3, Preparation of surfactant-modified sepiolite
with a surfactant by simple ion-exchange reactions to lead van
der Waals interaction between organic surfactant cations and The N&-exchanged form of clay was prepared by stirring
adsorbate. The modification of clay surface with surfactant is samples for 24 h with 1 M NaCl. This was followed by sev-
called as organoclay to cause to transform organophobic toeral washings with distilled water and filtered to remove the
strongly organophilic and therefore the adsorption capacity excess NaCl and other exchangeable cations from the clay.
increase$20]. This kind of surfactant-modified organosepi- The clay was then resuspended and filtered until a negative
olite has been used extensively for a wide variety of environ- chloride test was obtained with 0.1 M AgNO
mental applications. A thirty gram of the Na-saturated clay was dispensed
The aim of this work is to study the adsorption of Acid Red in 0.5 L of distilled water. Dodecylethyldimethylammonium
57 (AR57) from aqueous solutions onto surfactant-modified (DEDMA) bromide was used as a surfactant. DEDMA-
sepiolite. The effects of temperature, pH, contact time and sepiolite was prepared by adding quantities of the respective
concentration were examined and the thermodynamic andbromide salts equal to twice the cation exchange capacity
the kinetic data were also evaluated. of the sepiolite. The clay was then washed with distilled
water until free of salts and a negative bromide test had been
obtained with 0.1 M AgNG@ and was used for the adsorption
2. Materials and methods studieg20].

2.1. Materials 2.4. Adsorption experiments

A commercial textile dye AR57 (Nylosan Red EBL)
(Fig. ) was obtained from Clairent-Switzerland and used
without further purification. The adsorbent used in this work
was provided from Dolsan, Eslehir-Turkey. It was crushed,
ground by a miller and sieved through a |6& sieve and

The pH experiments were undertaken by 50mL of a
250 mg L1 dye solution with 0.1 g of sepiolite at 2& and
the pH was carefully adjusted between 1 and 11 with adding
a small amount of dilute HCI or NaOH solution. The amount
of dye adsorbed was measured after periodical stirring for
60 min. The solution was then filtered to remove any organic

or inorganic precipitates formed under acidic or basic con-

— Q ditions. Once the optimum pH was determined, the kinetics

of adsorption by the sepiolite was conducted at this pH for

increasing period of time, up to dye was not remove any
|SC'2 HO more. The concentrations of each solution were measured by
C,Hs—N spectrophotometer (Shimadzu UV-2101PC) at the respective

Amax Value, which is 512.5 nm for AR57.

In order to study the adsorption isotherms and kinetics a
0.01 g of surfactant-modified sepiolite were kept in contact
with 50 mL of dye solution of various concentrations at equi-
librium time to allow attainment of equilibrium at constant
Fig. 1. The structure of AR57. temperatures of 20, 30, 40 and 5D.
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3. Results and discussion
3.1. Chemical composition of sepiolite

X-ray diffraction (XRD) analysis together with the chem-
ical analysis of (29.3% Si§) 12.4% MgO, 9.09% CaO, and
34.99% CaC@) indicates that sepiolite and dolomite are the
major components along with traces of Al, K and Fe oxides
in the form of impurities.

3.2. FTIR analysis

FTIR spectra of natural sepiolite and surfactant-modified
sepiolite were shown iffig. 2 The band at 3687 cnt that
correspondsto stretchingdy) vibrations of hydroxyl groups
(belong to MgOH) attached to octahedral Mg ions located
in the interior blocks of natural sepiolite and surfactant-
modified sepiolite[16,23] The band at 3618 cnt indi-
cates that assigned toH@—H stretching vibrations of water
molecules weakly hydrogen bonded to theGisurface in
both of samples. The broad band at 3390 ¢nobserved
each samples, is due to—4@—-H vibrations of adsorbed
water.

A pair of strong bands at 2858 and 2931¢mwas
observed only with surfactant-modified sepiolite can be
assigned to the symmetric and asymmetric stretching vibra-
tions of the methylene groupdn,) and their bending vibra-
tions between 1380 and 1465 thy supporting the interca-
lation of surfactant molecules between the silica layers, but
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Fig. 3. Effect of pH for the adsorption of AR57 onto sepiolite.

well agreement with the dolomite content of the XRD results
[26].

The Si~O coordination bands at 1209, 1078, and 985tm
are observed as a result of the-Gi vibrations. The deep
band at 1022 cm' represents the stretching of-% in the
SiO-Si groups of the tetrahedral shd2¥] and the band
at 883 cn1! conducted with bending vibration of carbonate
and two peak at 690 cnt is represent the bending vibration
of Mg3OH both of samples. The bands at 530 and 471tm
due to SFO-AI (octahedral) and SiO-Si bending vibra-
tions respectively, natural sepiolite and surfactant-modified

these stretching bands are not observed in the natural sepiolitgepiolite[28].

[24]. The band at 1652 cr corresponds to the OH deforma-
tion of water, because the OH stretching band at 3390'cm
suggests the presence of some interlamellar i25and the

stretching vibrations obtained at 1635, 1612, and 1461cm

could be characteristics of reversibly adsorbed carbonate on

the oxide surfaces for both of samples and this result was
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Fig. 2. FTIR spectra of (a) natural sepiolite and (b) surfactant-modified sepi-
olite.

3.3. Effect of pH

Sepiolite has proved to be an effective adsorbent for the
removal of acid dye, AR57, via adsorption from aqueous
solution at pH 2 was achievedri. 3). It was observed
that the adsorption is highly dependent on pH of the solu-
tion which affects the surface charge of the adsorbent and
the degree of ionization and speciation of adsorbate. At
lower pH more protons will be available, thereby increas-
ing electrostatic attractions between negatively charged dye
anions and positively charged adsorption sites and caus-
ing an increase in dye adsorpti¢h3]. The high adsorp-
tion capacity is due to the strong electrostatic interaction
between the-N*(C,Hs)(CHgz), of DEDMA-sepiolite and
dye anions.

When the pH of the solution is increased, the positive
charge on the oxide or solution interface decreases and the
adsorbent surface appears negatively charged. On the con-
trary, a lower adsorption at higher pH values may be due
to the abundance of OHions and because of ionic repul-
sion between the negatively charged surface and the anionic
dye molecules. There are also no exchangeable anions on
the outer surface of the adsorbent at higher pH values and
consequently the adsorption decred263.
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3.4. Adsorption isotherms 500

The analysis of equilibrium data for the adsorption of
AR57 onto surfactant-modified sepiolite has been done by
the linear forms of the Langmu[B0] and FreundlicH31]

4004 -

equations. T, 2001
The linear form of Langmuir equation is given as: 2
Ce 1 Ce = 200+

20 °C
30 °C
40 °C
50 °C

Freundlich model
-+ Langmuir model

= + , 1)
qe gmaxKL  gmax
whereqe is the equilibrium dye concentration on the adsor-
bent (mg g1), Ceis the equilibrium dye concentration in the
solution (mg dnT3), gmax is the monolayer capacity of the 0 . ; , ; . : : :
adsorbent (mggt) andK_ is the Langmuir adsorption con- S T N
stant (dnf mg~1). The Langmuir adsorption is the monolayer Ce(mol dm™)
adsorption and the Langmuir equation is applicable to homo-
geneous adsorption, where the adsorption of each adsorbat
molecule onto the surface has equal to adsorption activation

Sroe

1004 ®..

gig. 4. Adsorptionisotherm plots for the adsorption of AR57 onto surfactant-
modified sepiolite at various temperatures.

energy. _ o The Freundlich constarmtr andn were influenced by tem-
The Freundlich equation is expressed as: perature. Increase in temperature from 20 t6G0esults a
1 decrease in botKg (from 5.468 to 1.154) and (from 1.224
Inge = In Kr + > In Ce, 2 to 0.934) indicating the decreasing intensity of adsorption

. _ . which is in confirmation with Freundlich isotherm constants.
whereqe is the equilibrium dye concentration on adsorbent

(mgg1), Ceis the equilibrium dye concentration in the solu- 35 Ad ion kineti id .
tion (mg dn13), Kg is Freundlich constant (dfg 1), and 1h 5. Adsorption kinetic considerations

is the heterogeneity factor. Unlike the Langmuir equation, _ )
The influence of contact time on AR57 removal by

the Freundlich expression is an empirical equation based on ¢ dified ioli howrFiim. 5. Based
adsorption on a heterogeneous surface, it is not restricted to>u"actant-modified sepiolite was showrHrg. 5. Based on

the formation of the monolayer.

The plot of ge versusCe for the adsorption of AR57
onto surfactant-modified sepiolité-if. 4 was drawn and
fitted to Langmuir and Freundlich isotherms. The values of 400 -
the Langmuir constanK( ) and the monolayer capacity of
adsorbentdmax), Freundlich constant&g) and 6), the cor-
relation coefficients for Langmuirf) and for Freundlichv) 4
are listed inTable 1 The Freundlich model yields a much &
better (0.945-0.981) fit than that of the Langmuir model =
(0.932-0.975), as reflected by correlation coefficients are
compared infable 1 100

One of the Freundlich constars indicates the adsorp-
tion capacity of the adsorbent. The valueKgfincreases,
the adsorption capacity of adsorbent also increases, when the
temperature decreases 50220 The value oh at equilib-
rium is 1.224 at 20C represent favorable adsorption, this

would seem to suggest that physical rather than chemicalrig. 5. Effect of contact time for the adsorption of AR57 onto surfactant-
adsorption is dominant when it is used for adsorbing AR57. modified sepiolite at various temperatures.

500

200

0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

t (min)

Table 1
Langmuir and Freundlich isotherm constants for the adsorption of AR57 onto surfactant-modified sepiolite
t(°C) Langmuir Freundlich

Gmax (Mg g*) Ki (dm® mg™?) 2 n Ke (dm’g™) g
20 191x 10° 1.40x 1073 0.932 1224 5468 Q945
30 125x 10° 213x10°3 0.975 1227 5075 Q975
40 248x 10° 8.14x 104 0.965 1095 2767 Q965

50 - - - 0934 1154 Q981
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Fig. 5, the rate of removal of AR57 by adsorption was rapid 0.6
initially and then slowed down gradually until it attained an
equilibrium beyond which there was not significant increase 0,5
in the rate of removal. The maximum adsorption of AR57
onto surfactant-modified sepiolite was observed at 90 min,
and it is thus fixed as the equilibrium contact time.

The equilibrium adsorption capacity of AR57 on
surfactant-modified sepiolite was found to decrease with
increasing temperature, decreasing from 393.4mgat
20°Ct0323.3mg gl at50°C indicating that the dye adsorp-
tion on the adsorbent surface was favored at lower tempera- ¢
tures. This may be due to a tendency for AR57 ions to escape
from the solid phase to the bulk phase with an increase in 0.0 , , , : :
the temperature in the solution and due to a weakening in 0 20 40 60 80 100 120 140 160 180 200
the van der Waals forces of attraction between AR57 and ¢ (min)
surfactant-modified sepiolitg82,33] This effect suggests
that an explanation of the adsorption mechanism associate
with the removal of AR57 onto surfactant-modified sepiolite
mvolvgs a phys[cal Process. . e The intraparticle diffusion equatid37] can be written by

An increase in the temperature leads to a decrease in the following:
initial adsorption rate, but the adsorption capacities at 90 min '
are almostthe same at 40 and’®&D Below and above equilib- = kot2 4 C 5

. ) ) Y ) qr pt7 =+ C, (5)
riumtime, the adsorption capacity indicates different trends at

various temperatures. Before reaching the equilibrium time, wherege is the amount of dye adsorbed on adsorbent at equi-
an increase in the temperature leads to an increase in the dydibrium (mg g™2), q is the amount of dye adsorbed (mg'y
adsorption rate gfdt andq, which shows a kinetically con-  at various timeg, ge is the maximum adsorption capacity
trolling process. After the equilibrium attained, the uptake (mgg™?t) for pseudo-first-order adsorptioky, is the pseudo-
slightly decreases with increasing temperature indicating thatfirst-order rate constant for the adsorption process {hin
the adsorption of AR57 onto surfactant-modified sepiolite is ¢ is the maximum adsorption capacity (mgly for the
controlled an exothermic procegs]. pseudo-second-order adsorptién,is the rate constant of

Aiming at evaluating the adsorption kinetics of AR57 onto  pseudo-second-order adsorption (grhguin—?!), C is the
surfactant-modified sepiolite, the pseudo-first-order, pseudo-intercept, ands, is the intraparticle diffusion rate constant
second-order and intraparticle diffusion kinetic models were (mg g1 min—%2). The straight-line plots of Inge — g) ver-
used to fit the experimental data, according to the below sustfor the pseudo-first-order reaction avwl versud for the
kinetic model equations. pseudo-second-order reactidiig. 6) for adsorption of AR57
onto surfactant-modified sepiolite have also been tested to
obtain the rate parameters. Tk ko, ge, 2, and correlation
coefficients,r? andr3 of AR57 under different conditions
were calculated from these plots and are giveTaible 2 The
correlation coefficientsrf) for the pseudo-first-order kinetic
In(ge — 1) = INge — kat, 3) model are between 0.805 and 0.979 and the correlation coef-
ficients (rg), for the pseudo-second-order kinetic model are
between 0.997 and 0.999. It is probable, therefore, that this
adsorption system is not a pseudo-first-order reaction, it fits

0,44

t/q, (min g mg-!)
)

cI:ig. 6. Pseudo-second-order kinetic plots for the adsorption of AR57 onto
surfactant-modified sepiolite at various temperatures.

e The pseudo-first-order rate expression of Langergren
[35,36]is given as:

e The pseudo-second-order kinetic mofB#] is expressed

as: .
the pseudo-second-order kinetic model.
; 1 1 The pseudo-first-order and pseudo-second-order kinetic
— =+ 4 models cannot identify the diffusion mechanism and the
qr  kaqs G2 kinetic results were then subjected to analyze by the intra-
Table 2
Kinetic parameters for the adsorption of AR57 onto surfactant-modified sepiolite at various temperatures
tC)  ki(minY)  ge(mggl) ke (@mgtmin) g (mgg?) 3 kp(mggtmin~?)  C(mgg™) 1}
20 397x 1072 2960 0805  187x 104 4250 0997 2394 1587 0973
30 335x 1072 2575 0979  229x 104 3858 0999 1758 1792 0.966
40 379x 1072 2024 0822  251x10°* 3508 0998 2348 1194 0.961

50 444x 1072 2589 0.933 275x 1074 3458 0.998 1916 1412 0.970
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Fig. 7. Intraparticle diffusion plots for the adsorption of AR57 onto

. o A Fig. 8. Arrhenius plot for the adsorption of AR57 onto surfactant-modified
surfactant-modified sepiolite at various temperatures.

sepiolite.

particle diffusion model. According to this model, the plot of the following Arrhenius type relationship]:

uptake g, versus the square root of timt&/2, (Fig. 7) should Ea

be linear ifintraparticle diffusion is involved in the adsorption N k2 =1 A — - (6)
process and if these lines pass through the origin then intra-
particle diffusion is the rate controlling st§h38,39] When

the plots do not pass through the origin, this is indicative of
some degree of boundary layer control and this further show

that the intraparticle diffusion is not the only rate-limiting _E./Ris obtained. The magnitude of activation energy gives

step, but also other kinetic models may control the rate of ' bout the t f ad i hich i inlv oh
adsorption, all of which may be operating simultaneously. an ldea about the type of adsorption Which IS mainly pnys-

The slope of linear portion from the figure can be used to ical or chempa!. Low actlv.at|on'energ|(.es (5_40 kJ rﬁ()l .
derive values for the rate parametey, for the intraparti- are ch_aractensﬂcs forrrgysworptlon, wh_|Ie h|gher activation
cle diffusion, given inTable 2 The correlation coefficients enerlgt;|e§t(40—§90fé] 82 k)‘]snli%igeTstk;:Ihen;lsinthdAO]. Tth N
(rg) for the intraparticle diffusion model are between 0.961 resutt obtained s +3. (Table 3 for the adsorption

and 0.973. This indicates that the adsorption of AR57 onto ?r]: AF\;57 or;to shurfact;’;lnt-mct)dlf;g? sep!ohte,éndmatmg tr:f.lt
surfactant-modified sepiolite may be followed by an intra- € adsorption has a fow potential barrier and corresponding

i e : to a physisorption.
particle diffusion model up to 90 min. The other thermodynamic parameters, change in the stan-

dard free energyXG°), enthalpy AH°®), and entropy AS°),

whereE, is the Arrhenius activation energy of adsorptign,
is the Arrhenius factoR is the gas constant and is equal to
8.314Jmot K1 andT is the operated temperature. When
In ko is plotted versus T/ (Fig. 8), a straight line with slope

3.6. Thermodynamic parameters were determined by using following equations:

In any adsorption process, both energy and entropy con-K. = %, )
siderations must be taken into account in order to determine S
what process will occur spontaneously. Values of thermo- AG° = —RT In K¢, (8)

dynamic parameters are the actual indicators for practical

L . AS°  AH°
application of a process. The amount of dye adsorbed atequi4n K. = — , 9)
librium at different temperatures is 20, 30, 40 and 60have R RT
been examined to obtain thermodynamic parameters for thewhereKc is the equilibrium constanC, is the amount of
adsorption system. The pseudo-second-order rate constant oflye adsorbed on the adsorbent of the solution at equilibrium
dye adsorption is expressed as a function of temperature by(mg dnt3), Cs is the equilibrium concentration of the dye in

Table 3

Thermodynamic parameters calculated with the pseudo-second-order rate constant for AR57 onto surfactant-modified sepiolite

t(°C) Kc Ea (kJmol1) AG® (kJmol 1) AH° (kI mol 1) AS (JK1mol1)
20 0.515 1.62

30 0.447 2.03

40 0.404 9.82 236 —7.87 -32.5

50 0.382 2.58




258

-0,60

-0,654
-0.701
-0.754
if: 0,80
-0.851
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Fig. 9. Plot of InK¢ vs. 1/T for estimation of thermodynamic parameters
for the adsorption of AR57 onto surfactant-modified sepiolite.

the solution (mg dm?3). Theq, of the pseudo-second-order
model in Table 2was used to obtai€a andCs. T is the
solution temperature (K) arfdis the gas constantH° and
AS were calculated the slope and intercept of van't Hoff
plots of InK¢ versus 1T (Fig. 9). The results are given in
Table 3

Generally, the change of free energy for physisorp-
tion is between—20 and OkJmol!, but chemisorption
is a range of—80 to —400kJmot?! [41]. The results
obtained are +1.62kJnmot at 20°C, +2.03kImof! at
30°C, +2.36 kI mot?! at 40°C and +2.58 kI mot! at 50°C
(se€eTable 3, these indicated that the adsorption reaction was

not a spontaneous one and that the system gained energy from

an external source.

The small negative value of the standard enthalpy change

(—7.87 kI mot ) indicate that the adsorption is physical in
nature involving weak forces of attraction and is also exother-

mic, thereby demonstrating that the process is stable energet-

ically. At the same time, the low value @fH° implies that

there was loose bonding between the adsorbate molecules

and the adsorbent surfat?].

The negative standard entropy chang&S{) value
(—32.53K I mol1) corresponds to a decrease in the degree
of freedom of the adsorbed species.

4. Conclusion
This study investigated the equilibrium and the dynamics

ofthe adsorption of an anionic dye, which is namely Acid Red
57, AR57, onto surfactant-modified sepiolite. The adsorption

was found to be strongly dependent on pH, contact time and

temperature. A maximum of 425.0 mgyAR57 removal
could be achieved at pH 2 and at ZD. The adsorption

of AR57 onto surfactant-modified sepiolite was exothermic
in nature with the dye removal capacity decreasing with
increasing temperature due to increasing mobility of the dye
molecules.
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The pseudo-second-order kinetic model agrees very well
with the dynamic behavior for the adsorption of AR57 onto
surfactant-modified sepiolite under different temperatures.
However, the evidence is provided that the adsorption of dye
onto surfactant-modified sepiolite is a complex process, so
it cannot be sufficiently described by a single kinetic model
throughout the whole process. For example, intraparticle dif-
fusion (up to 90 min) played a significant role, but it was not
the main rate determining step during the adsorption. The
experimental data fitted well to the Freundlich adsorption
isotherm.

The activation energy of adsorption can be evaluated
using the pseudo-second-order rate constants. The posi-
tive value of E (+9.82kJmot?) confirms the nature of
physisorption of AR57 onto surfactant-modified sepiolite.
The enthalpy changeAH°) for the adsorption process was
—7.87kJmot?, which did not indicate very strong chemical
forces between the adsorbed dye molecules and surfactant-
modified sepiolite. The\G° values were positive therefore
the adsorption was not spontaneous and the negative value of
AS suggests a decreased randomness at the solid/solution
interface and no significant changes occur in the internal
structure of the adsorbent through the adsorption of AR57
onto surfactant-modified sepiolite.
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