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A B S T R A C T

Chitosan/bentonite hybrid composite (CBC) was developed and successfully applied to remove anionic
(Amaranth Red (AR)) and cationic (Methylene Blue (MB)) dyes from colored effluents. The influence of
several factors on the dyes adsorption capacity was investigated. Kinetic, equilibrium and
thermodynamic viewpoints were elucidated. Desorption and reuse studies were performed. It was
found that CBC presented a heterogeneous structure with good mechanical and swelling properties,
which facilitates the phase separation after adsorption. The adsorption was favored at pH 2 for AR and 10
for MB. Elovich model was the more adequate to represent the kinetic data. The equilibrium data
followed the Langmuir model, being the maximum adsorption capacities of 362.1 mg g�1 for AR and
496.5 mg g�1 for MB. The adsorption process was spontaneous, favorable and exothermic. Desorption and
reuse was possible three times for AR and two times for MB, maintaining the same adsorption capacity.
These results demonstrated that chitosan/bentonite hybrid composite is an advanced adsorbent with
advantages, such as, easy phase separation, capability to remove anionic and cationic dyes and potential
for reuse.

ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Dyes are used in many industrial fields including, foods, textiles,
pharmaceuticals, paints and others. In general, these industries
generate large amounts of dye containing effluents [1]. It is known
that untreated colored effluents are harmful and can cause many
environmental damages. Furthermore, Methylene Blue dye (MB)
and Amaranth Red (AR) dyes can cause some problems to the
human health, such as, allergy, dermatitis, skin irritation, mutation
and cancer [1,2]. Therefore, many countries established severe
restrictions regarding to the release of colored effluents into the
receptor bodies [3]. As consequence, many techniques have been
employed to remove dyes from aqueous media, like, filtration,
oxidation, ozonation, adsorption, biosorption, photocatalysis,

electrochemical treatment and membranes [4–6]. Among these,
adsorption stands out due its low cost, ease of implementation and
operation, low energetic requirements and high efficiency [7,8].
During the adsorption, dye molecules are transferred from the
aqueous solution to the adsorbent surface. Consequently, the
solution is clarified and the adsorbent becomes saturated.
Normally, the steps involved in this process are: external mass
transfer, intraparticle diffusion and adsorption on active sites. The
interaction adsorbent/dye can be physical or chemical in nature
[9,10].

Nowadays in the adsorption field, several synthetic, natural or
hybrid materials have been used to remove dyes from aqueous
media [11–14]. Chitosan, a pseudo-natural biopolymer, is exten-
sively used for this purpose. The main advantages of chitosan are
its low cost, availability and the presence of amino and hydroxyl
groups in the structure, which are potential adsorption sites
[15,16]. However, the application of chitosan is hindered, since has
low surface area, low mechanic resistance and is not efficient for
cationic dyes [17–19].

In order to overcome the above mentioned drawbacks, some
works have been focused on the preparation of chitosan based
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materials, including films [17], membranes [20], nanofibers [21],
hollow fibers [22] and scaffolds [19]. For example, Dotto et al. [17]
have prepared chitosan films to remove food dyes from aqueous
media. They found high adsorption capacities, coupled with good
mechanical properties and easy phase separation. Esquerdo et al.
[19] have developed chitosan scaffolds to adsorb anionic dyes. The
chitosan scaffold presented good characteristics for adsorption,
including porosity of 92% and specific surface area of 1135 m2g�1.
In spite of these efforts, chitosan based materials with good
mechanical and textural characteristics, able to remove anionic
and cationic dyes, are scarce. An alternative is the development of
chitosan/bentonite hybrid composite, once bentonite has anionic
groups in its structure and chitosan is polycationic.

This work aimed to develop a hybrid composite based on
chitosan and bentonite, with ability to remove anionic and cationic
dyes from aqueous effluents. Chitosan/bentonite hybrid composite
(CBC) was prepared, and characterized by photographic images,
scanning electron microscopy (SEM), X-ray mapping, energy
dispersive X-ray spectroscopy (EDS), Fourier transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD), swelling, thickness
and mechanical properties. The pH effect on the adsorption of AR
and MB by CBC was evaluated from 2 to 10. Adsorption kinetic
curves were obtained at 50, 100 and 150 rpm. Equilibrium
isotherms were constructed at 298, 308, 318 and 328 K. The
standard values of Gibbs free energy change (DG0), enthalpy
change (DH0) and entropy change (DS0) were estimated. Desorp-
tion and reuse cycles were also performed.

2. Materials and methods

2.1. Dyes and reagents

Amaranth red (AR) (purity of 99.0%, color index 16185,
molecular weight of 604.5 g mol�1, lmax = 521 nm, negative pKa)
and Methylene Blue (MB) (purity of 99.0%, color index 52015,
molecular weight of 319.8 g mol�1, lmax = 664 nm, pKa = 5.6) were
obtained from Plury chemical Ltda., Brazil. For these dyes, the
maximum wavelength was constant with the pH. The optimized
three-dimensional structural formulae of AR and MB are presented
in Fig. 1(a) and (b), respectively. All reagents were of analytical
grade and deionized water was used to prepare the solutions.

Chitosan in powder form (deacetylation degree of 85 �1%,
molecular weight of 150 � 3 kDa and particle size of 72 � 3 mm)
was obtained from shrimp wastes (Penaeus brasiliensis) [23].
Sodium bentonite with particle size of 50 � 3 mm was purchased
from Casquímica Ltda., Brazil.

2.2. Preparation of chitosan/bentonite hybrid composite

The chitosan/bentonite hybrid composite (CBC) was prepared
by mixing a chitosan solution (1) with a bentonite suspension (2),
as follows: (1) 1.00 g of chitosan was completely dissolved in
100 mL of a 1% w/v of acetic acid solution under magnetic agitation,
at 45 �C for 2 h. The solution pH was adjusted to 5.0 with NaOH
0.1 mol L�1. (2) 1.00 g of bentonite was added in 100 mL of
deionized water under magnetic agitation, at 60 �C for 5 min.
Then, (1) was mixed with (2) in the ratio 5:1 and mechanical
stirring was performed (1200 rpm) at 60 �C for 4 h. Finally, 50 mL of
the mixture was poured onto a level plexiglas plate (diameter of
10 cm) and the solvent evaporation was carried out in an oven with
air circulation at 60 � 2 �C for about 20 h. CBC samples were
removed from plates and conditioned in desiccators for character-
ization and use.

Fig. 1. Optimized three-dimensional structural formulae of the dyes: (a) Amaranth
Red (AR) and (b) Methylene Blue (MB).
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