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Abstract

Sepiolite, a highly porous mineral, is becoming widely used as an alternative material in areas where sorptive, catalytic and rheological
applications are required. High ion exchange capacity and high surface area and more importantly its relatively cheap price make it an attractive
adsorbent. In this study, the adsorption of acid red 57 by natural mesoporous sepiolite has been examined in order to measure the ability of
this mineral to remove coloured textile dyes from wastewater. For this purpose, a series of batch adsorption tests of acid red 57 from aqueous
sepiolite solutions have been systematically investigated as a function of parameters such as pH, ionic strength and temperature. Adsorption
equilibrium was reached within 1 h. The removal of acid red 57 decreases with pH from 3 to 9 and temperature from°25 whgbeas
it increases with ionic strength from 0 to 0.5 mof'L. Adsorption isotherms of acid red on sepiolite were determined and correlated with
common isotherm equations such as Langmuir and Freundlich models. It was found that the Langmuir model appears to fit the isotherm data
better than the Freundlich model. The physical properties of this adsorbent were consistent with the parameters obtained from the isotherm
equations. Approximately, 21.49% weight loss was observed. The surface area value of sepiolite Wag 342 h95°C, and it increased to
357 n?g! at 200°C. Further increase in temperature caused channel plugging and crystal structure deformation, as a result the surface area
values showed a decrease with temperature. The data obtained from adsorption isotherms at different temperatures have been used to calcula
some thermodynamic quantities such as the Gibbs energy, heat and entropy of adsorption. The thermodynamic data indicate that acid red 57
adsorption onto sepiolite is characterized by physical adsorption. The dimensionless separatioR, fptve(shown that sepiolite can be
used for removal of acid red 57 from aqueous solutions. The sorption capacity of the sepiolite is comparable to the other available adsorbents,
and it is quite cheaper.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction to recover some, or all of the lost water properties due to
the several uses and to make the water receivers, in which
Industrial, agricultural and domestic wastes, due to the the wastewater is discharged, not to destroy the physical and
rapid development in technology and urbanization, are dis- ecological properties of the environment. Among several re-
charged to several receivers. Generally, this discharge is donanoval technologies, adsorption and ion exchange with natu-
to the nearest water sources such as rivers, lakes and seasal clays have great importance due to the ease of operation
Control of water pollution has importance for both organ- and comparable low cost of application. The removal of dyes
isms, which live in water and those who benefit from water. from industrial wastewaters is currently of great interest. Dif-
Wastewater treatment includes one or a combination of phys-ferent adsorbents have been used for removal of various ma-
ical, chemical, and biological purification methods in order terials from aqueous solutions, such as dyes, metal ions and
other organic materials. These include peflite6], activated
* Corresponding author. carbor[7-11], bentonitd12], silica gel13], flyash[14—16]
E-mail addressesnalkan@balikesir.edu.tr (M. Alkan), lignite [17], peat[18], silica[19] etc. In order to minimize

?l\zllk%n@ba)likesir.edu.tq. Demirbay mdogan@balikesir.edu.tr processing costs for these efluents, recent investigations have
. Dogan).
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the adsorption mechanism of cationic surfactants onto acid-
Nomenclature and heat-activated sepiolites; Rytwo et[29] the adsorp-
tion and interactions of methyl green with montmorillonite
Ce equilibrium dye concentration in solutior and sepiolite; Gorilez-Pradas et aJ30] the adsorption of
(molL1) dilute thiram, an active carbon, as a function of temperature;
AG Gibbs energy of adsorption (kJ mal) Shuali et al[31] the interaction of amines on sepiolite and
AH heat of adsorption (kJ mot) polygorskite by infrared measurements; Galez-Pradas et
K adsorption constant al. [32] the removal of aromatic amines from agqueous solu-
Kk Freundlich constant (mofd) tions by activated sepiolite; Rytwo et R3] the access of
n Freundlich isotherm exponent cationic dye into the structural micropores of sepiolitelikc
Oe equilibrium dye concentration on adsorbent et al.[34] the removal of ammonia by natural clay minerals;
(molg™1) Balci [35] the nature of ammonium ion adsorption by sepi-
Om monolayer capacity of the adsorbent (moty olite; Ozdemir et al[36] the comparison of the adsorption
R2 regression coefficient characteristics of azo-reactive dyes on mezoporous miner-
R dimensionless separation factor als. As can be seen above, only a limited number of studies
AS the entropy of adsorption (J Mol K1) onto the removal of dyes using sepiolite as an adsorbent have
T temperature (K) been found in the literature. Therefore, the aim of the present
investigation is to study the adsorption mechanism of acid

red 57 onto natural sepiolite and to understand the way the

dye interacts with sepiolite. Towards this aim, the effect of

focused on the use of cheaper and easily obtainable low costvarious parameters such as pH, ionic strength and tempera-

unconventional adsorbents. It can be said that a suitable canture on the adsorption process has been investigated and the

didate can be sepiolite. equilibrium adsorption isotherms have been reported. The
Sepiolites, which form an important group of clay miner- results obtained have been applied to a single batch design

als, are a magnesium silicate and currently used in a numberfor the removal of acid red 57 from agueous media by using

of different applications such as many industrial, catalytic sepiolite. Furthermore, some thermodynamic data have been

and environmental applications, most of which are similar to calculated to interpret the results.

those of the more traditional clays. Because of their struc-

tural morphology, sepiolites have received considerable at-

tention with regard to the adsorption of organics on the clay o Material and methods

surfaces and to their use as support for catalfzd} The

abundance and availability of sepiolite mineral reserves aso 1. Material

a raw material source and its relatively low cost guarantee

its continued utilization in the future, and most of the world Sepiolite is a clay mineral with a unit cell formula

sepiolite reserves are found in Turkey. Sepiolite is a good s;j, ,059Mgg(OH,Fu(H20)s-8H20, and the structure of se-

adsorbent for organic species because it exhibits a variety ofyjg|ite is shown inFig. 1a [37]. Removal of the structural

attractive properties such as high specific surface area, highyater causes the sepiolite crystals to fold by rotation of the

porosity (50.8%]21], and surface activity. Sepiolite isthere-  fihers on axes through the inverted-8i-Si edge bonds

fore used in a spectrum of areas where sorptive, catalytic, andi3g), thus, allowing the terminal Mg to complete their

rheological properties are exploited. The sorption ability of ¢oordination with the oxide surface of the neighboring sil-

sepiolite is mainly ascribed to its high surface area. Thus, it jca Jayer Fig. 1b). The clay used was obtained from Aktas

is commonly used in oil refining; wastewater treatment; the | jjjetas—Eskighir regions of Anatolia (Turkey). Acid red

removal of odor, drug, and pesticide carriers; paper and deter-57 \as obtained from Setamd Eksoy Textile Co. (Bursa,

gent; etc[22]. Investigations on sepiolite have so far focused Tyrkey). The molecular structure of acid red 57 used is shown
more on its sorptive properties and attempts have been madgy, Fig. 2

to increase its surface area. A number of investigators have

studied the interaction of water and various organic reagents

with sepiolite. Kara et al[23] investigated the adsorption 8
of cobalt from aqueous solutions onto sepiolite; Rytwo et | SRS S (B0 ¥ 3" R R & Mg
al. [24] the adsorption of diquat, paraquat and methyl green :”“x" BABBAMEL I A ‘j _Q_i!'- i P c0

on sepiolite; Balci and Dired [25] the ammonium ion ad- Ty e AR o /3 e OH
sorption with sepiolite; Molina-Sabio et 4R6] the porous ) 0 O H0,
structure of a sepiolite as deduced from the adsorption of ~ et s
N2, COp, NHz, and HO; Akylz et al.[27] FT-IR spectro-
scopic investigation of adsorption of 3-aminopyridine on se- Fig. 1. Schematic representation of (a) the sepiolite structure projected on
piolite and montmorillonite from Anatolia; Sabah et [&8] the plane and (b) the structure of sepiolite anhydride.
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Fig. 2. The molecular structure of acid red 57.

2.2. Equipment

The pH measurements were made using a pH meter (Orion

920A). X-ray measurements were performed using a Philips
X-ray diffractometer employing nickel-filtered CuoKra-
diation. The surface area was measured with Micromerit-
ics Flow Sorb 11-2300 equipment. The density of the adsor-
bentwas determined using picnometer method. The chemica
constituents of sepiolite were analyzed by XRF. Absorbance
measurements were made on a GaBj UV-vis spectropho-

tometer (Varian). The spectrophotometer response time was
0.1s, and the instrument had a resolution of 0.1 nm. The con-

centration of acid red 57 was measured with a 1-cm light
path cell, with an absorbance accuracy®.004 at the max-
imum wavelength of the dye. The absorbance was found to
vary linearly with concentration.

2.3. Preparation of sample

137

Table 2

Chemical composition of sepiolite

Component Weight (%)
SiO, 5347

MgO 2355

CaO Q71

Al,03 0.19

Fe03 0.16

NiO 0.43

LOI 21.49

LOI: loss ignition of sepiolite.

2.4. Method

Sorption studies were performed by the batch technique to
obtain equilibrium data. The batch technique was selected be-
cause of its simplicity. Batch sorption studies were performed
at different pH, ionic strengths and temperatures to obtain
equilibrium isotherms and data required in the design and
Ioperation of reactors for the treatment of dye-bearing wastew-
ater. For isotherm studies, adsorption experiments were car-
ried out by shaking 0.5 g sepiolite samples with 50 mL aque-
ous solution in a series of 100 mL polyethylene flasks. Each
polyethylene flask was filled with 50 mL of a dye solution of
varying concentrations (& 10°-80x 10~°mol L) and
adjusted to the desired pH, ionic strengths and temperature. A
known amount of adsorbent was added to each polyethylene
flask and agitated for the desired time periods, up to a max-
imum of about 1 h. Preliminary experiments demonstrated
that the equilibrium was established in 1 h. Equilibration for
longer times gave practically the same uptake. Therefore, a
contact period of 1 h was finally selected for all of the equi-

The C|ay was treated before using in the experiments aslibrium tests. Atthe end of the adsorption pel‘iod, the solution

follows: after cleaning the clay mechanically from the vis-
ible impurities, it was ground and sieved to obtainu#d
size fraction. Then, it was dried at 106 for 24 h, and used
in further experiment§l—5]. The cation exchange capacity

was centrifuged for 15 min at 3000 rpm and then the concen-
trations of the residual dyee, were determined with the
aid of a UV—vis spectrophotometer. The measurements were
made at the wavelength= 513 nm, which corresponds to

(CEC) of the sepiolite sample was determined by the am- maximum absorbance. Blanks containing no dye were used
monium acetate method, the chemical analysis determinedfor each series of experiments. All adsorption experiments

by XRF, density by the picnometer method, and the specific
surface areas measured by BET N2 adsorptignThe re-

were performed at 25C and pH 6.0 of acid red 57 solutions
except those in which the effects of temperature and pH were

sults obtained and other some physicochemical properties ofinvestigated. The effect of pH was observed by studying the

sepiolite are presentediiable 1 Furthermore, the chemical
analysis of sepiolite are given able 2 All chemicals were
purchased from Merck.

Table 1
Physicochemical properties of sepiolite

Parameters Value References
Surface area (fg 1) 342 In this study
Density (g cnT3) 25 In this study
Cation exchange capacity (meg 100y 25 In this study
pH of solution 78-8.3 In this study
Porosity (%) 508 [21]

adsorption of dye over a pH range of 3—9. The pH of the solu-
tion was adjusted with 0.1 M NaOH or HClI solution by using

a Orion 920A pH-meter equipped with a combined pH elec-
trode. pH-meter was standardized with NBS buffers before
every measurement. The sorption studies were also carried
out at different temperatures, i.e., 25, 35, 45, andG5to
determine the effect of temperature and to evaluate the sorp-
tion thermodynamic parameters. A thermostated shaker bath
was used to keep the temperature constant. The amounts of
acid red 57 adsorbed were calculated from the concentrations
in solutions before and after adsorptifij. All the experi-
ments were carried out in duplicate. The amount of acid red
57 adsorbed (moldh), (Qe), onto sepiolite was calculated
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from the mass balance equation as folld@is 400

Qe = (CO - Ce)% (1)

whereCgp andC; are the initial and equilibrium liquid-phase
concentrations of dye solution (motL), respectivelyV the
volume of dye solution (L), an&/the mass of sepiolite sam-
ple used (Q).

W
[=3
(=}

Specific surface area (m2 g'])

2.5. Electrokinetic measurements

Zeta potential of sepiolite was measured at2B°C using 200
a Zeta Meter 3.0 equipped with a microprocesser unit. The 100 200 300 400 500 600 700
unit automatically calculates the electrophoretic mobility of Calcination temperature (°C)
the particles and converts it to the zeta potentials in terms of
Smoluchowski equatiof89]. A 1 g amount of sepiolite was  Fig. 3. The changing of specific surface areas against calcination tempera-
conditioned in 100 mL of 0.0001 M KCI at various final pH tures.
values for 24 h. The suspensions was kept still for 5min to ) .
let the larger particles settle. Each data point is an average of Furthermore, it has been seen froable 1that sepio-
approximately 20 measurements. The pH of the suspension"te has about 21.49% loss on ignition. This result is in a

was adjusted using dilute 0.1 M HCl and NaOH. All solutions 900d agreement with Balcr’s resuj&b] which used thermal
were prepared using bidistilled wa{do]. gravimetric analysis (TGA) method to determine the percent

weight loss for sepiolite. He said that (i) the removal of hy-
droscopic water from the external surface and zeolitic water
from the voids of the structure was completed up to 220
with a 8.7% weightloss for the untreated sepiolite sample, (ii)
the first part of the bound water was evolved from the struc-
ture with a 5.4% weight loss up to 438G, (iii) the remaining

The thermal behavior of sepiolite has been the subject part of bound water began to leave the struct_ure at highertem-
of several publications in the literatuf@9,40] It has been  Peratures (about 75€C) and was accompanied by an 8.5%

stated that the structural changes of sepiolite with increasing@dditional weight loss, (iv) the removal of structursl water
temperature affect the specific surface area and adsorptior{lnOIeCUIes (hydroxyl grouﬂs) was completed_f?t 1.5% weight
capacity. Sepiolite has structurally four water molecules co- 0ss up t0 850C[42,43] The X-ray powder diffraction pat-

ordinated to magnesium. The loss of these water moleculest®™ Of sepiolite has been givenfig. 4. By comparing the
with increasing temperature will affect specific surface area d Values obtained in this study and taken from JCPDS chart,
and adsorption capacity of sepiolite. It has been stated thatthe results have shown that this structure belongs to sepiolite.
water molecules coordinated to magnesium lose untiP&0

After losing of four water molecules coordinated to magne- 3.2. Adsorption parameters

sium, the structure folds. The folding of the structure is asso-

ciated with a decrease in the adsorption properties since the Adsorption of acid red 57 onto sepiolite was systemati-
channels become narrower and the superficial slots sinter. Acally investigated by parameters such as pH, ionic strength
further increase in temperature produces the dehydroxylationand temperature.

of the structure and leads to the formation of clinoenstatite.

The results obtained in order to investigation the changing 3.2.1. Effect of pH

taking place in the specific surface area of sepiolite inthe cal-  The pH is one of the most important factors affecting the
cination temperature ranges of 105—-7@have been shown  adsorption process. In order to study the influence of pH on
in Fig. 3. As can be seen iRig. 3, the specific surface area the adsorption capacity of sepiolite, experiments were per-
of sepiolite has increased until 200 calcination tempera-  formed using various initial solution pH values changing
ture, and then continously decreased with increasing calci-from 3 to 9.Fig. 5 shows the effect of pH on the removal
nation temperature. Thermal treatment produces a maximumof acid red 57 by sepiolite. The acid red 57 removal by sepi-
specific surface area of 352m 1 at 200°C. This result is olite decreased with increasing pH. In the discussion of the
generally in line with the reported literatuf23,41] In this effect of pH, itis necessary to discuss the zeta potential value
study, the sepiolite was subjected the thermal treatment atof sepiolite. The changing of zeta potential with final pH val-
105°C. The decrease in the specific surface area of sepioliteues of sepiolite—KCl suspensions has been giveRign 6.

may be a result of the removal of most of the micropores and As can be seen iRig. 6, sepiolite has an isoelectrical point
the folding of structure due to heating the sample. around pH 7.1. In acid medium, the positive charge develops

3. Results and discussion

3.1. Thermal treatment of sepiolite
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Fig. 5. The effect of pH of the solution on the adsorption of acid red 57 on sepiolite.

on the surface of adsorbent and may be written as: increasing SOH,™* groups could more easily take place.

Since the solution is acidified by hydrochloric acid, the outer

S—OH + H" —_— S—OH,' ) surface of positively charged interface will be associated with
/ / Cl~ ions. The chloride ions are exchanged with dye ions
As can also be seenin Eq. (2), as the pH of the dye solutions™\ . ) .
becomes lower than pH 7.1, the association of dye anions S—OH /Cl + Dy —— S__OH, Dy + CI (3)

with more positively charged sepiolite surface because of

25

20 1
15

10

Zeta Potential (mV)
f=)

pH

Fig. 6. The electrokinetic behaviour of sepiolite. Conditions: 1.0 g 100hsepiolite, 0.0001 M KCI, Temperature 26.
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Fig. 7. The effect of ionic strength of the solution on the adsorption of acid red 57 on sepiolite.

With an increase in pH, positive charge at the sepio- face sites and by a decrease in positive surface charge, which
lite/solution interface decreases since sepiolite has jgopH results in less repulsion of adsorbing dye.
(isoelectrical point) around pH 7.1. Therefore, it can be said
that sepiolite sample exhibits a positive zeta potential value 3.2.2. Effect of ionic strength
in the below of this pH and again, a negative zeta potential  lonic strength affects the activity coefficients for OH
value in the above of this pH. At pH above thejgttf the ad- H30* and specifically adsorbable ions. As seefim. 7, in-
sorbent i.e~7.1, the adsorbent surface becomes negatively creasing the ionic strength of the solution causes the increase
charged and will be associated with positively charged ions in adsorption of acid red 57 onto sepiolite surface at pH 6.0.
of the solution in the following manner: It has been stated that increasing in the ionic strength of the
\ solution increases adsorption at pH values below the isoelec-

trical point and decrease adsorption at pH values above the
isoelectrical poinf47]. A cause of increasing of adsorption

/ with increasing ionic strength is that increasing in the ionic

Thus, there are no exchangeable anions on the outer surstrength increases the positive charge of the surface below
face of the adsorbent at higher pH and consequently, the adthe isoelectrical point, resulting in greater attraction of an-
sorption decreases. Similar trend was observed in the adsorpions, and increases the negative charge of the surface above
tions of congo red on red myd4] and wollastonit¢45] and, the isoelectrical point, resulting in greater repulsion of anions.
waste Fe(ll1)/Cr(lll) hydroxidg46]. As aresult,itcanbe said ~ Kara et al[23] showed that the positive charge of sepiolite
that the decrease in acid red 57 removal as pH increases casurface increased with increasing ionic strength in the pH
be explained on the basis of a decrease fhdt the sur- ranges of 3.0-6.6. As a result of increasing of the positive

S — O/Na' @)

Q. (mol g") x10°

C.(mol L") x10*

Fig. 8. The effect of temperature of the solution on the adsorption of acid red 57 on sepiolite.
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Table 3

Isotherm constants and the values of removal efficiency for acid red 57 adsorption onto sepiolite

No. Temperature’C) pH lonic strength  Langmuir isotherm Freundlich isotherm RL

-1
(molL™) Omx 1P (Molgy) Kx10O(LmolY) R n  Kex10P R

1 25 3 0 1032 117 0999 371 164 0.983 .9r2-0.108

2 25 5 0 542 195 0.999 221 177 0.953 .7107-0.063

3 25 7 0 450 072 0.997 448 349 0.945 .T185-0.154

4 25 9 0 282 127 0.998 3.07 9.68 0.946 .@17-0.092

5 25 6 01 8.20 163 0.998 4.75 10.10 0.987 .8D1-0.080

6 25 6 02 1199 101 0.997 264 7.02 0.975 .®9-0.128

7 25 6 05 1353 195 0.998 4.66 6.33 0.956 .8/0-0.072

8 25 6 0 1098 204 0.999 2.78 1.90 0.916 .165-0.065

9 35 6 0 1093 100 0.997 273 261 0.936 .869-0.123
10 45 6 0 529 110 0.997 253 5.05 0.930 .™9-0.107
11 55 6 0 430 079 0.997 465 7.20 0.928 .189-0.142

charge of sepiolite surface with increasing ionic strength, it whereQy, (molg1) is the maximum amount of the dye per
can be said that the adsorption capacity of sepiolite increases,nit weight of sepiolite to form a complete monolayer cover-

with increasing ionic strength. age on the surface bound at high equilibrium dye concentra-
tion Ce, andK is the Langmuir constant related to the affinity
3.3. Effect of temperature of binding sites (L mot?). Qm represents a practical limiting

adsorption capacity when the surface is fully covered with
The adsorption isotherms were determined for various dye molecules and assists in the comparison of adsorption
dye—adsorbent systems. A study of the temperature depenperformanceQm andK are calculated from the slopes and
dence of adsorption reactions gives valuable information intercepts of the straight lines of plot 68/Qe versusCe.
about the enthalpy and entropy changes during adsorption.  The Freundlich isotherm is given §H,
Greater adsorption is often found at lower temperat[#€p 1n
The removal of acid red 57 has been studied at 25, 35, 45 andZe = KrCe
55°C to determine the adsorption isotherms and thermody- jn |ogarithmic form,
namic parameterg:ig. 8 shows the amount of equilibrium
adsorption of acid red 57 on sepiolite at different tempera- |n g, = In K¢ + 1 In Ce (6)
tures. As seen ifrig. 8 adsorption ability of sepiolite de- n
creases with increasing temperature due to the enhancementhereKg is roughly an indicator of the adsorption capacity
of the desorption step in the mechanism, indicating the pro- and (1h) of the adsorption intensitr and (1h) can be de-
cess to be exothermic. Furthermore, the decreasing trend otermined from the linear plot of I versus IrCe. Parameters
adsorption with temperature is mainly due to the weakening of the Langmuir and Freundlich isotherms were computed in
of adsorptive forces between the active sites of sepiolite andTable 3 As also seen ifrigs. 9-11 Langmuir isotherm fits
adsorbate species, and also between the adjacent moleculeguite well with the experimental data (correlation coefficient
of adsorbed phase. The extent of the decrease in adsorption oR? > 0.99), whereas the low correlation coefficien®§
solute of definite concentration with increase in temperature 0.98) show poor agreement of Freundlich isotherm with the
depends on the nature of adsorbent-adsorbate system. Thisxperimental data. The fact that the Langmuir isotherm fits
type of adsorption is likely classified as reversible adsorption: the experimental data very well may be due to homogenous
in this case temperature dependence on adsorption would balistribution of active sites on the sepiolite surface, since the
comparatively weaker than desorpti@]. Langmuir equation assumes that the surface is homogenous
[1].
3.4. Adsorption isotherms The essential characteristics of the Langmuir equation can
be expressed in terms of a dimensionless separation factor,
The analysis of the isotherm data is important to develop R_, which is defined as
an equation which accurately represents the results and which 1
could be used for design purposes. The adsorption curvesRL = 11 KCe (1)
were applied to both the Langmuir and Freundlich equations. €
The widely used Langmuir isotherm has found successful ~ The value o} indicates the shape of the isotherm to be
application to many real sorption processes and is expressedither unfavorableR_>1), linear R_ = 1), favorable (0 R

as in the linear fornfil]: < 1), orirreversibleR_ = 0). Here,R_ obtained are listed in
Table 3 The fact that all thé)_-values for the adsorption of
Ce _ 1 Ce (5) acid red 57 onto sepiolite are in the ranges of 0.063-0.972

Qe OmK  Om shows that the adsorption process is favourable.
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Fig. 9. Langmuir adsorption isotherm for dataFog. 5.
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Fig. 10. Langmuir adsorption isotherm for dataFad. 7.

Itis noted that the isotherm data obtained at different tem- surface coverag® & Qe/Qm),
peratures are also well fitted by the Langmuir equation. Tem-

0
perature dependence l¢fcan be used to determine the isos- (8 In K) = _(8 In Ce) = AH2
teric enthalpy of adsorptiomH®. The enthalpy at a fixed T /g or Jo RT

25
Temperature (°C)
i A 125
2 = 135
- PS 145
S o 055
* o154 I(molL") :0
T_} pH 1 6.0
e
S 11
]
0.5 1
0 T T T T T T T
0 1 2 3 4 5 6 7

Ce (mol L) x10°*

Fig. 11. Langmuir adsorption isotherm for dataFad. 8.

(8)
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Fig. 12. Plot of—In Ce vs. 11T for acid red 57 adsorption on sepiolite.

A plot of —InC, against 1T should be a straight line.  Table 4
Fig. 12shows typical isosteres and reveals an approximately Adsorption capacities of dyes on various adsorbents
linear relationship. The value ofHO calculated at a spe- ~ Name of the dye Low-cost adsorbentsQm References
cific coverage fraction of 0.5 is 26 kJ mot 1. The enthalpy x 10:31
change due to chemisorption (40-120 kJdls larger than (molg™)
that due to physisorption. Thus, the adsorption of the acid red Crystal violet Wollastonite @2 50]
57 examined on sepiolite is likely due to physisorption. This '\R"g;gﬁ:z blue F';/e;!f igg—&ﬂ Els]
result shows that the interaction between sepiolite and the dye  hyqgrochioride or
is mainly electrostatic (Coulombic interactions). The heat of  basic fuchsion
physical adsorption involves only relatively weak intermolec- Methylene blue Activated carbon  5.24 [11]

ular forces such as van der Waals and mainly electrostatic in- de“"edtf“;m” 0
. . coconut snell fibers
teractions. Entropy change of the adsorption p.rocfiﬁq)( Methyl orange Activated carbon  2.88 [11]
ha_ls been calculated from the intercept of the lin&im 12 derived from
Gibbs energy of adsorptionAGY), can be found from coconut shell fibers
Acid red 57 Sepiolite B5 In this study

AG? = AH? — TASO 9)

The values of AG® and AS® were calculated as ing our results for sepiolite with the results of others, it can
—36.8kJmot!and 36.6 Jmolt K~ at 25°C, respectively.  be concluded that the adsorption capacity of the sepiolite is
Itis expected than GC is negative, indicating that the nature  comparable to those of the other available adsorbents. Again,
of adsorption process for acid red 57 is spontaneous. The re-as seen imable 4 the Q, value obtained for sepiolite-acid
orientation or restructuring of water around nonpolar solutes red 57 system is at a comparible level to other adsorbent-dye
or surfaces is very unfavorable in terms of entropy, since it systems. Additionally, if it is considered that the dyes given
disturbs the existing water structure and imposes a new andin the Table 4are cationic ones, it can obviously be con-
more ordered structure on the surrounding water molecules.cluded that th&)y, value for our system is superior to other
As aresult of adsorption of acid red 57 onto sepiolite surface, adsorbents.
the number of the water molecules surrounding acid red 57
molecules decreases and thus the degree of the freedom of the
water molecules increases. Therefore, the positive values of5. Conclusions
AT suggest the increased randomness at the solid—solution
interface during the adsorption of acid red 57 on sepiolite  The removal of acid red 57 with sepiolite obtained from
[49]. Eskigehir, Turkey, was systematically investigated under var-

ious conditions. The adsorption of acid red 57 onto sepiolite

as an adsorbent was increased by decreasing pH and temper-
4. Comparing to other adsorbents ature, and by increasing ionic strength. Adsorption equilib-

rium correlated reasonably well by Langmuir isotherm. The

Comparsion between the adsorption capacities of sepiolitedata obtained from adsorption isotherms at different temper-
and other adsorbents is presentedable 4 When compar- atures were used to calculate thermodynamic quantities such
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as Gibbs energy, heat and entropy of adsorption. The resultg18] Y.S. Ho, G. McKay, Sorption of dye from aqueous solution by peat,

indicate that acid red 57 adsorption onto sepiolite is sponta-
neous and physical in nature. As a result it can be said that
the sepiolite is an effective adsorbent for the removal of acid

red 57 from aqueous solution in a commercial system.
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