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Introduction
Industrial impacts on environmental resources, especially natural water, have been among the 

most relevant problems in our society in the last few decades. In this context, industrial activity is 
responsible for generating large amounts of wastewater [1]. Such complex waste presents a varied 
composition, depending on the type of production, and is responsible for introducing many different 
species and compounds in the environment, such as toxic metals, chlorinated organic substances 
and dyes, among others [2].

Dyes are often present in our daily lives in many different ways, and have been used in production 
processes of many different industries. Because of this, they are widely found in industrial effluents. 
The presence of these substances in water alter fundamental water characteristics, in addition to 
decreasing light penetration, affecting the photosynthesis of aquatic organisms. Further more, these 
substances are potentially harmful to the environment and the biota, and can also accumulate in the 
food chain [2-4].

Different treatment strategies (physical-chemical, biological and electrochemical) have 
been applied to remove color from wastewater containing dyes. The main techniques described 
in the literature are flotation and electrocoagulation, chemical oxidation, membrane separation 
and techniques involving decomposition by microorganisms [3]. Some of these techniques are, 
however, expensive and may even cause more damage to the environment through the generation 
of highly toxic products, besides not being, in some cases, sufficient for color removal [4]. In this 
context, sorption processes have been extensively studied due to their ease of application and higher 
efficiency in the bleaching of such residues [5].

Activated carbon is one of the most commonly used sorbents for the removal of dyes in 
wastewater, and, despite its high costs and problems associated to its regeneration, this method has 
become became very popular due to its high efficiency, leading to a growing interest in the use of 
alternative, lower-cost, sorbents [6,7].

Some well-established alternative sorbents include carbonaceous materials [8] clays [9,10], 
silicates [11,12], cake and fruit peel [13,14], bark [15-17], epicarp and mesocarp babassu [18-
20], microorganisms [21,22], and natural amino polysaccharides (such as chitin, and its chemical 
derivatization, chitosan) [2,23-26]. Natural amino polysaccharides stand out due to their excellent 
sorption capacity for various pollutant classes. 

In this context, chitosan rises as a promising alternative biosorbent, since its selectivity against 
contaminants such as metals and dyes is greater in comparison to traditional resins [2,23]. On 
the other hand, some limitations in its use as sorbent must be taken into account, such as the fact 
that it is stable only within a relatively narrow pH range, usually between 6 and 10. In an acidic 
medium, protonation of the amino groups may reach such a degree that chitosan becomes soluble, 
while degradation is observed in an alkaline environment. In general, it is of great importance to 
extend the working range of chitosan in acidic regions, since the protonation of amine groups, 
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that generates a positive charge, is the main factor responsible for the 
interaction mechanism of chitosan with negatively charged species 
[24]. Such a goal can be promptly reached by chemically modifying 
chitosan. 

The chemical modification of chitosan has been an activity of great 
interest in recent years, in many different fields. Such a modification 
can be classified as physical or chemical, and is performed in order 
to enhance chemical, physical and biological properties, as well to 
provide new functional properties [27,28].  

Chemical modification promotes cross-linking among polymer 
chains, consisting of bringing polymer chains together with the aid of 
chemicals called high reactivity cross-linking agents, thus generating 
polymeric networks. This type of reaction requires the presence of 
high reactivity functional groups in the chemical structure to be 
modified [28-32]. 

This chemical process may be influenced by both physical and 
chemical chitosan characteristics (degree of deacetylation, and 
molecular weight), reaction conditions (temperature, ionic strength 
and time), and the cross-linking agent used, with this agent being 
responsible for dictating the mechanism involved in the cross-linking 
process, as well as the degree of cross-linking [27]. 

Among the well-established cross-linking agents described in 
literature, glutaraldehyde and epichlorohydrin are of note. They 
have different cross-linking mechanisms at different reaction sites of 
chitosan; glutaraldehyde reacts with the amino groups present in the 
chitosan polymer chain, forming Schiff bases by the same mechanism 
described for other aldehydes, such as glyoxal, while epichlorohydrin 
will preferentially react with the primary alcohol hydroxyl present in 
the polymer backbone via a bimolecular nucleophilic substitution, 
as predicted by the above-mentioned proposed reaction (Figure 1) 
[27,28,32]. 

Cross-linking using glutaraldehyde, as well as other aldehydes, 
has the drawback of blocking amino groups, which comprise the 
primary adsorption sites of chitosan [24,33]. Studies comparing the 
dye sorption capacity for acid-modified chitosan and its derivatives 
and sulphuric acid using glutaraldehyde were carried out by Kamari 
et al. (2009) [33], and according to their results, derivatives are more 
chemically and physically stable when compared to the starting point 
materials, despite their loss of sorption capacity.

Some studies available in the literature have compared 
modifications using different cross-linking compounds 
(glutaraldehyde, epichlorohydrin and diglycidyl ether), and have 
demonstrated that, for dye removal, epichlorohydrin-modified 
chitosan stands out as the more efficient choice, since its sorption 
capacity greater than that obtained by using other cross-linking 
agents, such as glutaraldehyde and diglycidyl ether, for other 
derivatives [29-31,33]. 

In the present study, the sorption phenomena of methyl orange as 
a model dye onto modified chitosan were studied by different points 
of view, aiming to reach a better understanding and allow future 
applications of this molecule as sorbent in waste treatment.

Experimental

Reagents and solutions: All solutions used in this study were 

suitably prepared employing analytical grade chemicals and ultra-
pure water (resistivity of 18.2 MΩ at 25°C) obtained prior to use by 
using a Direct-Q Millipore water purifier (Massachusetts, USA): 
The above-mentioned raw material, chitosan, used in the adsorption 
tests, was obtained from Sigma-Aldrich (St. Louis, USA) and classified 
by the manufacturer as average in molecular weight. 

Stock solutions of methyl orange dye (MO, 2.29 x 10-3 mol L-1) 
were prepared from a stock solution preparedby dissolving 75 mg of 
the dye (PA, Vetec, Brazil) in purified water with volume made up to 
100.00 mL in a volumetric flask. Such solutions were stored in glass 
vials, protected from light and under refrigeration. 

The stock solution of Britton-Robinson buffer 4.0x10-2 mol L-1 
was prepared by mixing 2.30mL of glacial acetic acid (CH3COOH, PA 
Vetec, Brazil), 2.30mL of phosphoric acid (H3PO4, PA Vetec, Brazil) 
and 2.4720g of boric acid (H3BO3, PA Caledron, Toronto, Canada), 
previously dissolved in 50mL of distilled water in a volumetric flask, 
made   up to 1.00 L. The pH was adjusted to 5,6,7,8 and 10 using NaOH 
6 mol L-1 (prepared by simple dissolution of NaOH pellets in water, 
Vetec, Brazil).

The dye solutions employed in the sorption experiments were 
prepared daily, by appropriate dilutions of the stock solution. The 
pH of the solutions were adjusted using appropriate dilutions of 
the universal Britton-Robinson buffer 4.0x10-2 mol L-1. In order 
to obtain the modified chitosan, the cross-linking reaction with 
epichlorohydrin (C3H5ClO, Fluka, USA) was carried out in adequate 
chemical media.

Chemical modification of chitosan: Chitosan modification using 
epichlorohydrin as the cross-linking reagent was conducted in 
homogeneous media by adapting the reaction performed by Chen 
et al. (2008) [27].

Approximately 5g of the polysaccharide were solubilized using 
200mL of acetic acid 1%. The pH of the mixture was then adjusted to 
pH 5.0 by adding a few drops of NaOH 0.1 mol L-1. Epichlorohydrin 
(12.5 mL, 0.03 mol L-1) was slowly added to the system, and the 
mixture was then stirred at 50°C for 2 hours. At the end of the reaction 
time, the mixture was verted into 500 mL of NaOH 1.0 mol L-1, after 
which precipitation of the modified polymer occurred. Subsequently, 
the mixture was filtered under vacuum and the chemically modified 
chitosan was extensively washed to remove any excess of reagents. 
The modified chitosan was dried in an oven at 50°C for 48hs. The solid 
was then grinded until the obtainment of 60 mesh-sized particles that 
were then used in the sorption experiments.

Preliminary characterization of the sorbents: Characterizations of 
both the new sorbent material (chemically-modified chitosan) and 
pure chitosan (raw material) were performed by IR spectrometry 
and Thermo Gravimetric Analyses (TGA).

Thermogravimetic curves for both sorbents were obtained using 
a Shimadzu DTG-60 thermogravimetric analyzer, (Japan). Analyses 
were performed by heating suitable amounts of each sample (circa 5 
mg, in alumina open crucibles) from 35 to 1000°C at a rate of 10°C 
min-1, under a dynamic nitrogen atmosphere at 50 mL min-1 flow rate. 
In the case of modified chitosan, the heating was kept constant for 10 
minutes at 1000°C, in order to clean the crucible and the oven. 

Spectra in the infrared region were obtained on a Cary 630 infrared 
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spectrometer model from Agilent Technologies (São Paulo, Brazil), 
using infrared Fourier Transform Spectroscopy (FTIR) coupled to an 
Attenuated Total Reflection element (ATR). The spectra was scanned 
in the range of 4000-650 cm-1, with 4 cm-1 resolution.

The Zero Charge Point (ZCP) was defined based on the method 
proposed by Fiol and Villaescusa [34]. In this experiment 50 mg of 
adsorbent was mixed with 50mL of aqueous solution of NaCl 0,1 mol 
L-1 in different values of initial pH (adjusted with HCl or NaOH ) and 
let shaking for 24 hours. After tjis time, the final pH was measured.

Sorption studies: Adsorption experiments were carried out in 
batch mode, at room temperature (25-28°C) and with constant 
stirring, using dispersions composed of chitosan or modified 
chitosan particles in methyl orange dye solutions. The influence of 
the following parameters on the sorption process were evaluated: 
sorbent mass, initial pH of the solution, initial concentration of 
the dye and ionic strength (adjusted by buffer concentration): 
The experimental procedure used in the present studies obeyed the 
following steps: a mass of the polymer was weighed and transferred 
to a 50 mL polyethylene vial. Subsequently, 25.0 mL of methyl orange 
dye 4.58 x 10-5 mol L-1 (prepared in Britton - Robbinson buffer with 
well-defined pH and concentration) were added. The mixture was 
then stirred for 60 minutes at 110 rpm, and at every 2 minutes the 
solution was centrifuged at 5000 rpm for 3 minutes, an aliquot of 
the supernatant was taken and the molecular absorption spectra was 
registered. At the end of the measurement, the aliquot was suitably 
returned to the system.

The calculations and data used in the thermodynamic and kinetic 
simulations, which require the sorbed masses, were obtained by 
converting the absorbance signals into concentrations, by correlation 
with an analytical curve prepared on the same day. 

The analytical curves were constructed by using methyl orange 
solutions at concentrations of 9.0 x 10-6 to 6.0 x 10-5 mol L-1, prepared 
using buffer solutions of the same pH values   used in this study. In 
order to do this, the appropriate volumes were transferred from the 
methyl orange stock solution to 10.00 mL volumetric flasks, followed 
by the addition of 400 μL of the respective buffer solutions. Volumes 
were then made   up with purified water.

Extraction efficiencies were evaluated using retention percentages, 
which were calculated using Equation 1:

      (1)

In which Ci is the initial dye concentration in the solution, Ct is 
the dye concentration at time t, and E (%) is the extraction efficiency 
percentage.

Results and Discussion
Cross-linking between chitosan and ephichlorydrin

The infrared spectra of Chitosan (CT) and Chitosan Modified 
With Epichlorohydrin (MCT) are displayed in (Figure 2). Both 
showed an intense band at 3300 cm-1, related to the overlapping and 
vibrational stretching of the O-H and N-H bonds of the secondary 
amide. The band located at 2850 cm-1 refers to the vibrational 
stretching of C-H bonds. A band at 1650 cm-1, related to the angular 
deflection of the NH bond of the primary amine, and a vibrational 
stretching band for the C=O bond of the secondary amide at 1535 
cm-1 were also observed. The band at 1350 cm-1 was assigned to the 
angular deformation of the C-H bonds in CH3 groups, referring to 
the acetamide group also present in a small proportion in the polymer 
chain, since the chitosan molecule is not completely deacetylated. 
Finally, the band at 1025 cm-1 was attributed to the vibrational 
stretching of the CO bond in the primary alcohol.

The differences observed in the CT and MCT IR spectra were 
negligible, which does not allow for concrete conclusions related to 
the structural changes caused by the modification. Differences found 
in the relative intensity of the absorption bands can be explained by 
the fact that the modification caused by epichlorohydrin does not 
introduce different functional groups or bonds when compared to 
those present in pure chitosan, as predicted by the proposed reaction 
displayed in Figure 1.

The TGA curves for Chitosan (CT) and Modified Chitosan (MCT) 
are shown in Figure 3. The thermogravimetric data allowed for some 
inferences regarding both compounds: in both cases, decomposition 
takes place in two stages. In the first stage, mass changes occurred 
probably due to the loss of water occluded within the polymer. 
The second stage corresponds to the decomposition of the material 
itself, since it is a complex process that includes deacetylation and 
depolymerization decomposition of the monomeric units, generating 

Figure 1: Cross-linking between chitosan and ephichlorydrin. Where R = 
H or COCH3.

( ) ( )% 100i t

i

c c
E

c
−

= ×
Figure 2: Infrared spectra for CT and MCT.
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a carbonaceous material. Those findings are in agreement with 
the studies by Torres (2005) [35], in which the decomposition of 
chitosan and epichlorohydrin-modified chitosan, prepared by using 
a dynamic nitrogen atmosphere at a flow rate of 25 mL min-1 and the 
same heating rate applied in the present study, occurred in two stages, 
corresponding to dehydration and decomposition.

Moreover, the same number of events was also observed by 
Santos et al. (2003) [36], using either a dynamic nitrogen atmosphere 
or a dynamic air atmosphere, in both cases at a flow rate of 90 mL 
min-1. In the case of the dynamic air atmosphere, decomposition 
seemed to occur in three stages. According to the authors, the last 
stage corresponded to the burning of the carbonaceous material 
generated in the second step.

As seen by comparing the thermograms for both sorbents, 
modified chitosan decomposes at higher temperatures when 
compared to pure chitosan, showing an increase in thermal stability 
due to the generated structural modification.

The study of ZCP is a simple and useful method used to 
understand how as the surface charge varies depending on pH of the 
solution. In this kind of studies, a given mass of sorbent is added to 
a solution in which the inicial pH is adjusted with a strong acid or 
base. After a period of time, the equilibrium is established and if any 
interaction occurs the final pH would be different from the initial one. 
The result of this study is plottes in a graphic “initial pH” versus “final 
pH”. The ZCP is the pH in which the initial and the final pH are the 
same. Below the ZCP the superficial charge of the sorbent is positive 
and above this pH value the superficial charge of this will be negative 
[34].

As can be seen in Figure 4, the ZCP for CT was 6,5 and for CTM 
was 7,2. Below these values the superficial charge of both sorbents is 
positive and in consequence of it the sorption of negative molecules, 
as MO, is better in these pH values.

Sorption experiments

Analytical curves and modeling: The molecular absorption spectra 
in the visible region for the dye solutions prepared at pH between 
5.0 and 10.0 showed λmax at 465 nm, which was not pH-dependent, in 
agreement with the value described by Morais (2007) [37], and can be 
considered a big analytical advantage.

Analytical curves were measured at MO λmax using solutions with 
concentrations ranging from 9.16 x 10-6 to 6.10 x 10-5 mol L-1. Table 1 
presents the regression equations for the calibration, prepared using 
the different pH values investigated in the present study  .

Figure 3: Thermogravimetric curves for CT and MCT, under previously 
described conditions.

Figure 4: Curves of zero charge point for CT and MCT.

Table 1: Analytical curves and molar absortivity for MO under experimental 
conditions, pH = 5, 0; pH = 6, 0; pH = 7, 0; pH = 8, 0 e pH = 10.

pH Regression/ analytical curve

5.0 A = 23732CMO + 0.0067

6.0 A = 24092 CMO + 0.0030

7.0 A = 24988 CMO + 0.0083

8.0 A = 23686 CMO + 0.0276

10.0 A = 25409 CMO + 0.0101

Figure 5: Efficiency of dye (MO) removal by applying CT and MCT as a 
function of initial pH.
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The R2 values   for all calibration curves were 1.00, indicating a 
linear relationship between analyte concentrations and absorbances, 
so the studied concentration range showed no deviations from the 
Lambert-Beer law.

Influence of initial pH and sorption phenomena

Figure 5 shows removal efficiency behavior as a function of the 
initial pH of the solution. It is easily observed that the MO sorption 
process onto Chitosan (CT) and Modified Chitosan (MCT) were 
both pH-dependent.

For modified chitosan, pH increases reflect an almost linear 
decrease in efficiency, while for raw chitosan maximum efficiency can 
be observed between pH 6 and 7. The low removal efficiency by CT 
in acidic media may be related to the solubilization of the sorbent. 
Further more, pH values   higher than 8.0 were not evaluated, since 
polymer degradation occurred   above this value. MCT, however, 
can be used in acid solutions with pH values of less than 5.0 and in 
alkaline solutions at pH values greater than 8.0, demonstrating higher 
chemical stability and a wider range of applications when compared 
to the raw material.

Chitosan has a pKa value of around 6. This value depends on the 
mass and the degree of deacetylation of this amino polysaccharide 
[24]. As cited previously, protonation of the amino group (CT- NH3

+) 
occurs in acidic media, generating positive charges on the CT surface, 
thus increasing the initial pH of the solution, in turn reducing the 
protonation of amino groups by decreasing their interaction with the 
dye, as seen in Figure 3. A similar reasoning can be inferred   for MCT.

MO is an anionic dye, which shows a deprotonated sulfonic 
cluster (MO-SO3

-) in its structure, and, although such a group does 
not participate in MO acid-base reactions, since reactions actually 
take place at the nitrogen atoms present in the azo group, they confer 
a negative charge to the molecule in all assessed pH values. Since the 
sorbents are positively charged in acidic and neutral solutions, dye 
sorption can be explained mainly by the electrostatic attraction of the 
sulfonic group and the colorant present in protonated amino groups, 
as follows:

                 CT-NH2 + H3O
+       CT-NH3

+ 

              MO-SO3
-Na+        MO-SO3

- + Na+    

  CT-NH3
+ + MO-SO3

-        CT-NH3
+ -- -O3S-MO      

Similar sorption behaviors among dyes and chitosan, and even 
some for chitosan derivatives, have been described in the literature 
[37]. In addition, despite the significantly reduced dye removal 
efficiency at pH values above 7.0, MO sorption still occurs with some 
sorbents at around 36% removal for CT at pH 8.0, and 16% for MCT 
at pH10.0. The mechanism in this case may not be electrostatic, and 
may be explained probably exclusively by hydrophobic interactions 
between the benzene nuclei of the dye and the glycoside units of the 
sorbent [25,37]. These weaker interactions (compared to those for 
electrostatic cases) explain the lower sorption observed in the present 
study.

Higher removal percentages were observed for CT at pH between 
6 and 7, of 42% and 44%, respectively. Asthe observed differencewas 
not significantfor the other assaysinvolving thissorbent,the initial 
pH of the solutionwas set at pH 6.0. On the other hand, by using 

MCT, higher removal percentages were observed with decreasing pH 
values. The solution whose initial pH was adjusted to 5.0 presented 
the maximum removal percentage (50%). Because of this, a prior pH 
adjustment to 5.0 was conducted for the other assays involving this 
sorbent.

Influence of sorbent mass on dye sorption

Figure 6 (a) illustrates the behavior/relationship between sorbent 
masses and dye removal efficiencyonto CT and MCT particles. The 
curve profiles as a function of sorbent masses indicated that, for both 
CT and MCT, removal efficiency increased as a function of sorbent 
mass in the studied range. For both sorbents, the highest amount of 
dye removed  was associated with a mass of 500mg, which removed 
about 82% and 67% dye for MCT and CT, respectively.

The increase in the percentage of dye removaldue to the increased 
sorbent mass can be related to the increased surface areaof the sorbent, 
as well as the number of active sites available for dye sorption.

In their study, Cardoso et al. (2011) [13] described the use of 
the cupuaçu skin as a bio-sorbent for application in the removal of 
textile dyesfrom aqueous solutions, also finding that growings orbent 
masses has a positive effecton the bleaching of said aqueous solutions 
containing dyes. However, for as orbent concentration greater than 
2.5g L-1, dye removal remained virtually constant, which was not 
observed in the mass range evaluated in the present study.

The evaluation of the effect of sorbent mass in thesorption capacity 
(Q) of CT and MCT was also performed. Figure 6(b) illustrates the 
behavior between masses and sorption capacity for both CT and 
MCT.

Although thesorptionefficiency is favored by increasing the 
sorbent mass, the same pattern was not observed for sorption 
capacity. In this case, sorption capacity was enhanced with decreasing 
sorbent masses has. This behavior has also been described by Zhao et 
al. (2013) in their work on MO sorption in multi-walled carbon nano 
tubes [39]. 

The sorption capacity is calculated by measuring the ratio of the 
mass sorbedon to the sorbent mass. Experimentally, it was observed 
that, with increasing sorbent masses, sorption is increased, although 
in a non-linear manner, which explains the decrease in adsorption 
capacity with increasing masses, while an increase is observed in 
removal efficiency.

By a mechanistic point of view, one can imagine that the increase 
in sorbent mass did not generate an equivalent increase in the 
number of sites available for sorption. Since adsorption is a surface 

(a) (b)

Figure 6: Influence of masses both CT and MCT in removal efficiency of MO 
(a), and sorption capacities under studied conditions (b).
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phenomenon, it would be possible to assume that the particles 
added to the chitos an solution have sites that are unattain able by 
the solution (since the particles are aggregated). Thus, an absolute 
increase of sites would occur (since mass was increased), but with a 
relative decrease of sorption-available sites.

Influence of ionic strength on dye sorption

By analyzing the results obtained in the sorption experiments 
illustrated in Figure 7, it was observed that, as the concentration of ions 
of the buffer solution increased (and, consequently, ionic strength), 
removal efficiency decreased. The removal percentages varied from 
43% to 68% for CT, and 42 to 55% for MCT. For CT, greater removal 
efficiency was associated with the buffer concentration of 1.6 x10-3 

mol L-1, which was subsequently applied in all further experiments. 
For MCT, the same behavior was observed. However, the buffer 
concentration was not sufficient to maintain the pH of the system 
at the desired value. Thus, in the experiments employing MCT, the 
lowest buffer concentration capable of preventing pH variations in 
the system was used, of 6.4 x10-3 mol L-1. 

The main dyesorption mechanism is electrostatic. With regard to 
this mechanism, the presence of high concentrations of other ionic 
species (PO4

3-, BO4
3-, CH3CO2-, H+, Na+, K+, from the buffer) probably 

interfere with the equilibrium condition, since negative species, 
such as dyes, were increasingly surrounded by positive species (H+, 
for example), while positive chitosansites attracted negative species 
(PO4

3-, for example), resulting in decreases in the electrostatic 
interaction between positive chitosan sites and the anionicdye. This 
ionic strength effect is some times called the salt effect [40]. This 
behavior has also been described by Obeid et al. (2013) [41], in a 
study regarding methyl orangesorption using a magnetic composite 
chitosan. 

Influence of initial dye concentration on the sorption 
process

The sorption capacity behavior of CT and MCT, according to the 
initial dye concentration, is presented in Figure 7. By assessing the q 

vs initial MO concentration graph, a linear trendis noted, in which the 
increasing sorption capacity of the sorbents reflects the increased MO 
initial concentration. The sorptive capacity increases approximately 
10 times with increasing concentrations, from 1.53x10-5 mol L-1 to 
5.80x10-5 mol L-1. This demonstrates that the initial MO concentration 
shows significant influence on the sorption process.

Similar behavior has been described in the literature for 
dyesorption on chitosan and modified chitosan [30,39,42]. According 
to Zhang et al. (2012) [42], the initial dye concentration is responsible 
for generating the driving force required to overcome the resistance 
to mass transfer of the solution to the solid phase. Thus, the author 
suggests that the increase insorption capacity caused by the increase 
of the initial dye concentration can be related to an increase in the 
driving force involved in mass transfer.

From amechanistic point of view, one can imagine that when 
maintaining the sorbent mass constant, the number of sites available 
for sorption will be also kept the same, regard less of the MO 
concentration. How ever, as the dye concentration increases, the 
ratio regarding the amount of Mo and the number of active sites 
seemed to be altered, which can in turn alterthe equilibrium position; 
a greater amount of MO then binds to the solid phase sites, which 
mathematically represents an increase in sorption capacity.

Still in relation to them echanism involved in this process, by 
assessing the dependence between the quantity of sorbed dye and 
the initial concentration, a possible formation of multiple layers can 
be suggested in which, after the formation of the first layer of dye, 
electrostatic interactions between the dye and the sorbent becomes 
less relevant to the overall process, while vander Waals interactions 
become more significant. Accordingly, by increasing the initial 
concentration, leads to the formation of additional dye layers, even if 
all sorbed sorption sites located in the sorbent surface are occupied. 
Thus, as the initial concentration of the sorvate increases, an increase 
in the sorption capacity is also attained. The results of the present 
study area strong evidence of such a proposed mechanism.

Kinetics studies

The study of sorption kinetics generates essential information 

Figure 7: Influence of the concentration of buffer ions (Britton-Robinson) on 
the removal efficiency of MO by both CT and MCT.

Figure 8: Influence of initial concentration of MO on the sorption phenomena 
for both CT and MCT.
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for model in gand predictions regarding the sorption process. Based 
on kinetic models, one can achieve the rate of sorption which rules 
the time of residence in the solid-liquid interface, allowing for 
calculations on the time required for a given sorption, until it reaches 
equilibrium. More over, it is possible to identify the influence of the 
reagents (sorbent and sorvate) in this process.

Using the optimal pH andionic strength conditions, kinetic 
studies were performed to determine the time required for the system 
to reach equilibrium. Despite the optimized mass of 500mg, for CT 
assessments, 250mg were used, while for MCT applications, 100mg 
were used, due to the fast achievement of sorption equilibrium, which 
makes modeling difficult.

The MO sorption kinetics on to CT and MCT particles are 
displayed in Figure 8. The curves indicate that the kinetics equilibria 
were reached in approximately 10 minutes for boths orbents, 
remaining constant until the end of the experiment (60 minutes).

In orderto exploit the possible kinetic model that best describes 
the sorption process, experimental data obtained in the sorption 
experiments were assessed by applying pseudo-first and pseudo-
second order models, most frequently used for such purposes (Figure 
9).

The ln (qe-q) as a function of time graph for the pseudo-first order 
model (Figure 10 (a)), and t/q as a function of time for the template 
pseudo-second order model (Figure 10 (b)), which provides a linear 
relationship, allowed for the calculation of the parameters relating to 
each template (when the system fit such models). The analysis of the 
linear correlation coefficients (R2) obtained indicated that the kinetic 
model that best represented the experimental data of this study was 
the pseudo-second order model, with R2 circa 1.00 for both sorbents.

Another relevant parameter to evaluate the kinetic model which 
best represents the experimental data is the comparison between 
the equilibrium sorption capacity, calculated by the kinetic model, 
and the equilibrium sorption capacity btained experimentally (Table 
2). The q values calculated by the pseudo-second order model were 
1.03x10-3g g-1 and 6.59x10-3g g-1 for MCT and CT, respectively. The 
pseudo-second order q values were very close (in the case of CT, it 

the same) to the qe,exp values, representing one more piece of evidence 
that MO sorption kinetics for the two sorbents followed the pseudo 
second order model.

Equilibria studies

For the equilibria studies, the initial MO concentrations in the 
solutions varied from 1.53x10-5 mol L-1 to 5.80x10-5 mol L-1. For 
the CT experiments, 250mg were used, with the pH and the ionic 
strength of the solution (expressed in buffer concentration) set at 6.0 
and 1.6x10-3mol L-1, respectively. For the MCT experiments, 100mg 
were used and the study was conducted in pH 5.0 with final buffer 
concentration of 6.4x10-3 mol L-1. 

A suitable assessment of the experimental dataobtained at 
equilibrium conditions is of paramount importance to evaluate 
sorbent properties. Balance studies allow for calculations regarding 
the sorption capacity of the sorbent, which can then be used to built 
sorption is other ms that provide information regarding surface 
properties and the affinity between the sorbent and the sorvate. 

Among the mathematical models described in the literature that 
correlate the amount of a sorbent sorbed in equilibrium with the 
solution, the most commonly used to delineate the sorptive properties 
of the sorbent used in specifically in dye sorptionare theLangmuir 
and Freundlich models.

The plotting of ln qevs lnce as per the model described by 
Freundlich, and c/q vs ce provide a linear relationship for calculating 
the parameters for each model. Through the analysis of the linear 
correlation coefficients (R2) obtained, it was possible to identify the 
is other m model that best represented the experimental data of 
the present study. Figure 11 displays the Langmuir and Freundlich 
isotherms obtained for CT and MCT.

Figure 9: Kinetics modelling for MO onto CT and MCT.

(a) (b)

Figure 10: Kinetc modelling using pseudo-first order (a), and pseudo-
second order (b) for the sorption of MO on CT and MCT.

Table 2: Kinetics parameters found to the sorption of MO on CT and MCT.

Kinetic model Parameters CT MCT

Pseudo-first order

qe, exp. (g g-1) 1.03 x 10-3 6.54 x 10-4

qe, calc. (g g-1) 2.43 x 10-4 2.55 x 10-4

K1 (min-1) 0.1776 0.2858

R2 0.690 0.926

Pseudo-second order

qe, exp. (g g-1) 1.03 x 10-3 6.54 x 10-4

qe, calc. (g g-1) 1.03 x 10-3 6.59 x 10-4

K2 (min g g-1) 6364 6098

R2 1.00 1.00
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According to the analysis of the obtained R2 values for both 
sorbents, the model that best represents the experimental data for 
both the CT and for the MCT was the Freundlich isotherm. The 
parameters calculated for this model are shown in Table (3). The 
Langmuir isotherm parameters were not calculated because the R2 

values for CT and MCT were lower than 0.400. 

Regarding the maximum sorption capacity calculated from the 
Freundlich isotherm, a decrease of this capacity isrelated to sorbent 
modification. The constant related to the sorption capacity calculated 
from the Freundlich is other m for CT was found to be 2556g g-1, 
higher than that observed for the MCT, of 61.84g g-1.

The Freundlich model assumes that the surface of the sorbent is 
energetically heterogeneous. To assess the degree of heterogeneity of 
energys orptionsites, the surface heterogeneity factor (1/n) is used. 
The lower the valueof 1/n, the more heterogeneous the surface is. 
Comparing the values obtained for CT and MCT, it is observed that 
the modification of the surface is more heterogeneous in purechitosan 
(Table 3).

The sorption rate (n) can be evaluated by the values calculated 
after applying the experimental data to the Freundlich model. The 
higher the value of n, the stronger the interaction between the sorbent 
and sorvate is. As seen in Table 3, the value associated to MCT is 
higher than that found for CT, indicating that, although the maximum 
sorption capacity decreased after modification, the interaction of 
modified chitosan sorption sites with methyl orange is greater.

Since the sorption process for boths orbents is best shown by 
the Freundlich isotherm, it becomes possible to infer, based on the 
oretical understanding of such a model, that MO sorption in these 
sorbents is reversible and can occur forming multiple layers.

The formation mechanism of the multiple layers, indicated by the 
best fit to the Freundlich isotherm, can be explained based on, at least, 
two aspects:

First, after the formation of the first layer, subsequent layer 
formation occurs by the interaction between the positive charge 

present in the protonated a zodye (which is present in the solution 
due to the balance of the dye-involved protonation reaction)and the 
negative charge of the sulfonate group.

Secondly, after the formation of the first layer, the dye molecules 
will be attracted to the adsorbent by van derWaalselectrostatic 
interactions. The multple layers will then be formed through 
hydrophobic interactions between the a romatic rings present in the 
dye structure.

A similar discuss ion regarding the formation of multiple sorption 
layers of the same dye inchitosan modified by glutaral dehyde was 
carried out by Morais (2008). The author discussed data obtained 
in a study of the equilibrium relations involved in the sorption 
process and the measurement of zeta potential as a function of the 
pH of the continuous phase. According to the study, sorptionat low 
concentrations is described by the Freundlich model. Further more, 
the concentration of the dye and pH decrease favor sorption, with 
asorption capacity of 0.131g g-1 and 88% retention percentage at pH 
5.0.

Conclusion
The modified chitosan synthesized in this work proved to bean 

excellent orbent for methyl orange, a simple structured azodye. This 
result can serve as basis for sorption studies of other dyes in the same 
class, as well as other negatively charged substances.

The maximum adsorption capacity of the modified chitosan 
obtained in the present study was of 61.84g g1at pH 5.0, lower than 
for pure chitosan, of 2556g g-1. However, the reduction of the sorption 
capacity was compensated by relevant gains in thermal and chemical 
resistance after modification.

The fact that the dyesorption followed akinetic pseudo-second 
order model is in agreement with the results reported in the literature 
for dyesorption by biosorbents.

According to the sorption experiments conducted in the present 
study, increasing pH and ionic strength have a negative influence on 
dye removal efficiency, by leading to a decrease in sorbent removal, 
while increasing sorbent mass presents the opposite effect, of 
increasing removal efficiency. The initial concentration of the dye, in 
turn, significantly increase sorption capacity.

Regarding the equilibria studies, the is otherm that best 
represented the experimental data was the Freundlich isotherm, 
suggesting the formation of multiple layers. As observed in the 
present study, the increase in sorption when reducing pH and ionic 
strength indicates that the sorption mechanism involves electrostatic 
interactions between the negatively charged dye and the positively 
chargeds orbent.
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