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Abstract

In this study, the effects of some factors on the adsorption of a basic dye (methylene blue) on bentonite and sepiolite samples were studied
These factors are cation (Naand C&1) saturation of the samples and pH and ionic strength of the dye solution. The adsorption data were
found to conform to the Langmuir equation within the concentration range studied and Langmuir constants were determined for each of
the samples. The adsorption capacities ofsamples were found to increase with cation sgtan. Changes in the pH of the dye solution
had no significant influence on the adsorpté@pacity and adsorption cajiées were found to decrease with increasing ionic strength. The
maximum sorption capacity of methylene blue exceeded the cation exchange capacity of bentonite and sepiolite.
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1. Introduction (2) A second organic cation may bind to a neutral clay—
organic complex by noncoulombic interactions, forming
Clays are important in many different fields such as agri- a single positively charged complex with two organic
culture, oil drilling, and the building industil]. Owing to cations and one charged site. This type of binding arises
their interesting physicochemical properties (lamellar struc- from hydrophobic interactions between large organic
ture, high surface area, drhigh cation exchange capac- molecules and may lead at high loads to charge rever-

ity), clay minerals have great potential to fix pollutants such sal[2]. The model does not consider the possibility of
as heavy metals and organic compounds. In this respect formation of such complexes in the adsorption of inor-

the interaction between clayinerals and methylene blue ganic cations, and the assumption is that they occur only

(MB), a monovalent organic dye, has been extensively stud- in organic molecules.

led[2-8] _ . (3) In sepiolite, where neutral sites occur at the external sur-

Organic cations may bind to clay by different modes. In face, a monovalently charged complex may form by the

the case of monovalent organic cations, the following kinds binding of one organic cation and a neutral site. Such

of clay—organic complexes can be found. binding was found to be responsible for the very large
o ) number of monovalent organic cations adsorbed to sepi-

(1) A neutral complex may form by the binding of a cation olite [9].

to a monovalent negative site on the clay blocks. This re-
action is mainly electrostatic, and should be considered

. X ? ] Bentonite and sepiolite form an important group of clay
for both organic and inorganic cations.

minerals that have the potential for catalytic and molec-

ular sieve applications. Bentonite is hydrated aluminosil-

% Fax +90-222-2393613. icate clay primarily composed of the smectite-class min-
E-mail address: chilgic@ogu.edu.tr eral montmorillonite[10]. It is a 2:1 type aluminosilicate;
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Sepiolite and bentonite have many industrial applications
as an adsorbent. The high eajity values of these were
also observed for heavy-metal-ion removal and wastewater

oo treatment. The abundance and availability of these mineral
© OH reserves as a raw material sources and their relatively low
O Al cost guarantee their continued utilization in the future, and
® Si most of the world reserves are found in Turf&g]. These

® Mg F properties of minerals are, however, of great commercial in-

terest in other areas and have therefore been the subject of
this study.

Several factors influence the adsorbability of ions on
clays, including degree of loading on the adsorber, pres-
ence of ligands, complex formation, pH of the solution, and
salt concentration. In this study, saturation, pH, and ionic

@ O
strength effects were studiedd the cation exchange capac-
_ ® ] ities (CEC) and adsorption capacities of the samples were

" "‘}‘}‘ also compared.
"‘"‘u&"‘&’."" 98 2. Experimental
Q .. ... 5 é EH’F 2.1. Materials
4 N N\ o Hj)

The silicate samples used as adsorbents were bentonite
(b) from the Usak region and sepiolite from the Sivrihisar/Eski-
sehir region. The samples were named UB and SS, respec-
tively, and were dried at 10%C (24 h) and passed through a
200-mesh sieve.

The cation exchange capacities (CEC) of the samples
were determined by Njisaturation using Kjeldhal distilla-
éion [17]. The values determined for bentonite and sepiolite

Fig. 1. The mineral structures for bentonite (a) and sepiolite (b).

that is, its crystalline structure presents an alumina octahe-
dral layer between two tetrahedral layers of silica which,
by isomorphous substitutions,u@ire cations, denominated
exchange cations, to compensate for the negative charge .
of their laminar edges. Bentonite has the capacity to ex- welre 32(1.35tmeé1t1909 and|6.62 rtne’dzog g,.trhesps_ctlvely.d |
change these cations with the ones present in aqueous so- norderto obtain samples saturated with sodium and cal-

lutions [11]. The bentonite mineral structure is shown in clum catlccj)ns,dl N ;g)d(;ubm sré?scaslmuml chloride SOI?}“O“S
Fig. 1a. The ideal mineral formula for montmorillonite is were used as described by Rdi8]. Samples were mechan-

[12] (Na, Ca}.35Al1 67, Mo 39 SiaO10(OH)-nH20. :fally stirred for 48 h anq then filltereq through a Whitg-band
Sepiolite is a clay mineral with the formula of magnesium fIter paper. They were rinsed with distilled water until they

hydrosilicate, Six0soMgs(OH,Fl(H20)4-8H,0 [13]. Sepi- become chloride-ion-free, as@hin by the silver nitrate test.

olite belongs to the phyllosilicate group of clay minerals. It

has peculiar surface properties and important industrial in- Table 1

terest due to its high sorbing capacf4]. Its structure is  chemical analysis of the samples

quite different from that of smectites. It consisisd. 1b) in

the alteration of blocks and tunnels that grow up in the fiber % vs SS
direction[13]. Each structure is built up of two tetrahedral Si0p ?g'gg 4822
silica sheets “in sandwich” with a central magnesia sheet in Feioz 105 _

a way similar to that which occurs in other 2:1 silicates, al- cao Q72 -
though in sepiolite there is a dizatinuity of the silica sheets ~ MgO 0.65 2430
that gives rise to those structural tunnels. This arrangementP20s 0.27 -
determines that silanol groups (SiOH) are present at the bor-K20 (])'22 _002
der of each block at the external surface of the silicate. TheseSos 0.62 002
silanol groups, together with the water molecules coordi- cj 0.001 _
nated to the Mg ions at the borders of the structural blocks, TiO; 0.62 -
are the main active centers for adsorptjas]. These char- I\S/Ifr?zo 8-8? -
acteristics of sepiolite make it a powerful sorbent for neutral LOSZS 03f ignition 1109 2618

organic molecules and organic catiqh4].
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