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ABSTRACT

The synthesis, characterization and environmental application of chitosan/montmorillonite membrane
for adsorption Bezactiv Orange V-3R were investigated. Chitosan/montmorillonite membranes were
synthesized in different ratios, containing 10-50% of montmorillonite (MMT) in membrane. These mem-
branes were characterized by using Fourier transform infrared spectroscopy (FTIR), thermogravimetry
(TG) and scanning electron microscopy (SEM). The adsorption kinetics were investigated using three
different concentrations of Bezactiv Orange dye (30, 50 and 80 mg/L). The adsorption capacity increases
with increasing amount of MMT in membranes. These membranes show the highest adsorption capac-
ity when the initial dye concentration was 80 mg/L. The results show that the optimum condition for
adsorption of Bezactiv Orange is pH 6. A comparison of kinetic models was evaluated for the pseudo-first
and pseudo-second order and intra-particle diffusion. The experimental data were fitted to the pseudo-
second order kinetic model, and also followed by intra-particle diffusion. Intra-particle diffusion is not
the only rate-controlling step. The Langmuir and Freundlich adsorption isotherms were applied to exper-
imental equilibrium data at different concentration of dye solution. The results indicated the competency
of chitosan/MMT membranes adsorbent for Bezactiv Orange adsorption.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Synthetic dyes are among the most commonly used pollu-
tants which appear in various industries, such as dyestuff, textiles,
leather, and paper [1]. The dyes exhibit a wide range of different
chemical structures, primarily based on substituted aromatic and
heterocyclic groups. A large number of dyes are azo compounds
that are linked by an azo bridge [2]. The removal of these dyes from
water is very important from an environmental point of view. Even
very low concentration of the dyes present in water can be highly
toxic to aquatic systems [3]. The most efficient method for the
removal of azo dyes from aqueous effluents is adsorption [4], where
one of the most widely used adsorbents, due to its high adsorp-
tion capacity is, activated carbon [5-7]. However, it is expensive
and difficult to regenerate. From this point on, much attention has
recently been focused on biosorbent materials [8-11] - those that
are not expensive, can be obtained from renewable resources, and
are harmless to nature. Special attention has been given to polysac-
charides such as chitosan - the deacetylated form of chitin, which
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is a linear polymer of acetylamino-D-glucose. Chitosan has excel-
lent properties for adsorption of anionic dyes, principally due to
the presence of protonated amino groups (-NH3*) in the polymer
matrix, which interact with dyes in solution by ion exchange at an
appropriate pH [1,12,13]. Removal of dyes using chitosan has its
drawbacks as its effectiveness as adsorbent is strongly pH depen-
dent. Chitosan effectively removes dyes at acidic pH, so the pH of
the wastewater has to be adjusted on the acidic side, before treat-
ment. The other attractive adsorbents are clays, due to their low
cost and their abundance in various parts of the world [14-20].
Clays themselves have some sorption capabilities, so combining
clays with chitosan can produce a very good sorbent, at the same
time decreasing the chitosan drawbacks. Since each chitosan unit
possesses one amino and two hydroxylic groups, these functional
groups can form hydrogen bonds with the silicate hydroxylated
end groups of clay, leading to strong interaction between chitosan
and clay. The formation of hydrogen bonds between chitosan and
clay is represented in Fig. 1. Dissolution of chitosan in acetic acid
resulted in reaction between amine group from chitosan and acetic
acid residue (NH3*Ac~). Chitosan hydroxyl group form hydrogen
bonds with Si—0—Si groups of silicate multilayer of montmoril-
lonite (MMT). Nanocomposites of chitosan and MMT have been
already tested as electrochemical sensors [21], as adsorbents for
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Fig. 1. Complexation between chitosan and MMT.

tannic acid [22], and for controlled release of ofloxacin [23]. The
beads of chitosan/MMT were studied for removal of Reactive Red
120 [24], Basic Blue 9, Basic Blue 66 and Basic Yellow 1 [25].

In the present study, the membranes of chitosan and MMT were
obtained to improve the chitosan adsorption capability. Adsorp-
tion was tested with Bezactiv Orange V-3R (BO). The effects of
different amount of MMT in membrane, pH and temperature on
the adsorption of BO were evaluated.

2. Experimental
2.1. Materials

Chitosan (low viscous) was obtained from Acros Organic and
used without any further purification. According to the producer
data, its molecular weight is about 100 000-300 000 g/mol. The
degree of deacetylation, determined by potentiometric titration
[26], is 80%. Cloisite Na+ was a natural sodium-rich MMT obtained
from Southern Clay Products Inc. (USA). Bezactiv Orange V-3R (or
known as Remazol Brilliant Orange 3R) (Fig. 2) was a gift from
Bezema AG.

2.2. Synthesis of chitosan/montmorillonite membranes

Chitosan/montmorillonite membranes were prepared by mix-
ing solutions of chitosan and montmorillonite in different ratios.
The montmorillonite amount was from 10% to 50% by mass. The
general procedure of synthesis is as follows: chitosan (1 wt%) was
dissolved in 0.2 M acetic acid with constant stirring at the temper-
ature of 50 °C. Montmorillonite was dispersed in 0.2 M acetic acid
with constant stirring 30 min at the temperature of 50°C. These
solutions were mixed with constant stirring 30 min. The mixed
solutions in different ratios of MMT were cast on Petri dishes and
left to evaporate at room temperature for 24 h.

2.3. Characterization of membranes

2.3.1. Instrumental analysis

FTIR spectra of chitosan/montmorillonite membranes before
and after adsorption azo dyes were recorded on a Bomem MB 100
FTIR spectrophotometer from KBr pellets.

Thermogravimetry (TG) was performed by a SDT Q-600 TG
instrument (TA Instruments). All analysis were performed with
5 mg samples in ceramic pans under nitrogen atmosphere between
0 and 600°C at heating rate 10 °C/min.
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Fig. 2. Bezactiv Orange V-3R.

SEM-EDX was used to determine morphology of membranes
before and after adsorption azo dyes. Measurements were taken
on a JEOL JSM-5800 scanning electron microscope.

The dye concentrations were measured at a wavelength
A =493 nm by UV/VIS Shimadzu 1700 spectrophotometer.

2.4. Dye adsorption batch experiments

Experiments were carried out by adding between 12 and 18 mg
of membrane into 50 ml of dye solution with desired concentra-
tion, temperature of solution and appropriate pH. As the kinetics
of adsorption were not dependent on membrane mass, it was pos-
sible to use this relatively wide range of membrane masses. The
effect of dye concentration was investigated at pH 6, at 20°C and
from 30 to 80 mg/L. For pH studies, 50 ml of 80 mg/L of dye solu-
tion was adjusted to various pH ranging from 4 to 7.4. The effect of
temperature on adsorption of dyes was studied at 8, 20, 37 and
55°C at 80 mg/L dye concentration. Preliminary studies showed
that the dye adsorption was completed within 4 days. The capacity
of adsorbed dye was calculated according to the following equa-
tion:

de=(Co—CoI (1)

where ge (mg/g) is the amount of dye adsorbed on the membrane,
Co (mg/L) the initial concentration of dye, Ce the equilibrium con-
centration of dye in solution, V (L) the volume of the used dye
solution and m (g) the weight of the used membrane.

Each experiment was repeated three times under the same con-
trolled conditions.

2.5. Kinetic experiments

Kinetic experiments were conducted in order to determine the
time needed to reach equilibrium and adsorption rates of dye.
The effect of concentration on sorption kinetics was investigated,
following the above described methodology: 50 ml of three differ-
ent concentration of dye solution (30,50,80 mg/L) were prepared.
Three milliliter samples were taken periodically during 4 days
and analyzed by UV/vis. The data were modeled using both first-
and second-order kinetic models. The pseudo-first-order model
assumes that the rate of change of surface site concentration is
proportional to the amount of remaining unoccupied surface sites:

% = ki(ge — @) (2)

where g and g¢e are the adsorbed amounts (mg/g) at time t and

equilibrium, respectively, and k; (h~1) the first-order Lagergren
adsorption rate constant [27]. This model can be linearized as:

k1
2303 <" 3)
The pseudo-second-order model assumes that the rate is pro-

portional to the square of the number of remaining free surface
sites [28]:

log(ge — q) = log ge —

d

T =kalge — 0 (@)
with the second-order adsorption rate constant k. This model can
be linearized as:

t 1 t

= 4+ —
q k qg Je

(5)

The pseudo-first and pseudo-second order kinetic models can-
not identify the diffusion mechanism, so kinetic results need to
be analyzed by using the intra-particle diffusion model. In the
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model developed by Weber and Morris [29], the initial rate of intra-
particle diffusion is calculated by linearization of equation:

qt = kpfo's +C (6)

where C is the intercept and kp the ultra-particle diffusion rate
constant (mg/gh!/2).

3. Results and discussion
3.1. FTIR spectroscopy

Fig. 3 shows the FTIR spectra of chitosan, Na* montmorillonite,
and chitosan/montmorillonite with amounts of montmorillonite in
membrane of 10, 30 and 50%, and the membranes with 50% MMT
after dye adsorption from solutions containing 30, 50 and 80 mg|/L.

FTIR spectrum of MMT shows bands at 3631cm~! and
3435cm~! which are assigned to the water belonging to the orig-
inal clay structure and stretching vibrations of hydroxyl group,
respectively. Three bending vibrations of hydroxyl groups at
911cm~! (AIAIOH), 880cm~! (AlFeOH) and 846cm~! (AIMgOH)
confirm the substitution in octahedral layer. The band at 1635 cm™!
is the bending vibration of hydroxyl group from water molecules
present in the clay. The strong bands located in the range of
1160-1045 cm™~! refer to Si—O—Si moiety and stem from stretching.
The band at 530cm~! indicates bending vibration of Si—O. These
peaks for MMT are confirmed in literature [25,30].

In order to characterize the initial material, a spectrum of pure
chitosan was also recorded. FTIR spectrum of chitosan powder
shows characteristic hydroxyl group at 3440 cm~!, and stretching
vibrations of C=0 group at 1740 cm~'. The bending vibrations of
C—H bond in -CH, are located at 2930cm~! and in -CH3 group
are located at 2845 cm~"! [31,32]. The band at 1635 cm™! is related
to the stretching vibrations of amide group carbonyl bonds C=0
and the band at 1540cm™! is related to the stretching vibrations
of amine group [33]. Bending vibrations of methylene and methyl
groups are located at 1380 cm~! and 1460 cm™!, respectively. The
spectrum in the range from 1150 to 1000cm~! is attributed to
stretching vibrations of C—0O groups [34].

The characteristic bands needed to confirm complexation
between chitosan and MMT are shifted to the higher frequency.
The characteristic MMT bands appear at 3742 cm~! (-OH), near the
3445cm~! (hydroxyl group from MMT and chitosan), in a range
of 1118-1040cm™! (stretching vibrations of Si—0), and bending
vibration of Si—O at 523 cm~!. Characteristic amide group from
chitosan located at 1635cm™! is shifted to higher frequencies,
to 1645 cm~!. The peak located at 1540 cm~!, which corresponds
to the NH,- group form chitosan, is shifted to higher frequency,
1560cm™!, indicating that the acetic acid residue (CH3COO-) is
attached to amine group in the chitosan chain [35]. The shift of
amide and amine group can be related to the electrostatic interac-
tion between these groups and the negatively charged sites in the
clay structure, which confirm complexation between chitosan and
MMT [25,36,37].

The changes in the FTIR spectrum of the membranes after bind-
ing with the dye are significant. The -OH stretching, observed
as strong band at 3445cm~! in unloaded membrane, shifts to
3430cm! after binding azo dye. The shift of amide and C=0
bands are also observed for loaded membrane (1629cm~!, and
1720cm™1, respectively). Characteristic MMT bands in membrane
are shifted too. The peaks of Si—0 in-plane and out-of-plane stretch-
ing vibration are shifted from 1040 cm~! to 1034cm™1, and from
1118 cm~! to 1123 cm™!, respectively. The new strong band that
appeared in all FTIR spectra of chitosan/MMT membranes around
1590 cm~! indicates azo group [38]. These results confirm that

Table 1
The relevant TG parameters for chitosan/MMT membranes, W : weight loss for the
first degradation peak (%), W>: weight loss for the second degradation peak (%).

Sample Wi (%) W, (%) Tg (°C)
Chitosan 5.4 93.0 240
Chitosan/MMT 10% 14.4 45.0 286
Chitosan/MMT 50% 12.0 40.0 275

-CONH,, -NH; and -OH groups from chitosan, and Si—0 group from
MMT are involved in binding of azo dye.

3.2. Thermogravimetry

The previous investigations have shown that the decomposition
of chitosan has 2 endothermic processes, the first one around 60 °C
for water evaporation, and the second one starts around 220 °C and
reaches a maximum 240°C [39].

It is known from the literature [39] that although MMT increases
thermal stability of chitosan/MMT, this effect is most pronounced
at low amounts of MMT in the system, while at higher loads of
MMT the decomposition temperature decreases. This is the result
of formation of parallel monolayers of MMT that can form strong
electrostatic interactions with chitosan. The higher loads of clay
decrease the regularity of the structure, and thus decrease the
strength of electrostatic interactions. We have observed the same
trend in this investigation, so the main degradation peak in DTG
diagrams, that is attributed to thermal degradation and deacety-
lation of chitosan [40,41] for membrane containing 50% of MMT
is located at a temperature nine degrees lower than for the 10%
MMT membrane (Table 1, Fig. 4). It is also visible that in case of
10% MMT sample, the adsorbed water molecules, that are reported
to start to desorb at around 150°C [39,42], desorb at much higher
temperature than in the 50% MMT sample which is probably also
the result of more uniform structure when lower loads of MMT are
present. Concerning the residue at 600 °C, in case when 50% MMT
was initially present the residue is in accordance with it - i.e. it is
about 50% indicating that the complete organic phase has decom-
posed. When only 10% of MMT was initially present, the residue
is over 30% indicating the existence of charred residue of organic
phase. It can be attributed to abovementioned parallel monolayers
that form at higher loads of clay that prevent formation of charred
residue. When the loads of clay are lower, parts of chitosan tend to
char during degradation. Thermal degradation of pure chitosan, as
earlier investigations show, can have charred residue of up to 40%
at 600°C [40].

3.3. Scanning electron microscopy

SEM analysis of unloaded and loaded membranes chi-
tosan/montmorillonite with amount of MMT 50% in membrane
were recorded at Fig. 5.

SEM is a widely used technique to study morphology and surface
characteristics of the adsorbent. In the present study, SEM is used to
assess morphological changes in chitosan/MMT membrane surface
after adsorption of Bezactiv Orange. It is visible from micrographs
that the samples with lesser amount of MMT have smooth surface,
while after adsorption a nonuniform white layer appears, together
with roughening of the surface. With increase of MMT amount
the surface becomes rougher, more homogenous, with numerous
bulk-like agglomerates protruding. After the adsorption the afore-
mentioned layer that we assume to be adsorbed dye appears again
in these samples as well.
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Fig. 3. FTIR spectra of: 3.1. a) pure chitosan, b) chitosan/MMT membrane with amount of MMT of 10% in membrane, c) 30% MMT in membrane, and d) 50% MMT in
membrane, e) pure MMT; 3.2. a) chitosan/MMT 50%, b) chitosan/MMT 50% with concentration of dye of 30 mg/L, c) chitosan/MMT 50% with concentration of dye 50 mg/L,
and d) chitosan/MMT 50% with concentration of dye of 80 mg/L.
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3.4. Effect of dye concentration

The dye adsorption kinetic was studied at three different
concentrations: 30, 50 and 80 mg/L. The time needed for the sam-
ples to equilibrate was found to be 4 days. The experimental

results demonstrating the effect of initial concentration of dye
on the removal by chitosan/MMT membranes are shown in
Fig. 6.1, 6.2, 6.3, 6.4. Although it may seem that no plateau exists
in some of the diagrams, the final experimental point in represents
the value where the plateau was obtained.

Fig. 5. a) SEM morphologies of chitosan/MMT 10% membrane before and after adsorption of dye, increasing 200 wm; b) SEM morphology of chitosan/MMT 50% membrane:
a) before adsorption, increasing 50 pum, b) increasing 200 wm, and c) after adsorption of dye, increasing 200 p.m.
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Kinetic parameters of chitosan/MMT membranes at different concentration of dye, k,: rate constant for pseudo-second order (gmg="h~'); Qmax: maximum capacity of
adsorption (mg/g); and kp;: rate constant for intra-particle diffusion (g mg~! h-112),

Sample Concentration (ppm) Pseudo-first order Pseudo-second order Intra-particle diffusion
R2 R2 kz Qmax kp] kpZ
Chitosan/MMT 10% 30 0.99 0.99 0.00255 64.4 18.5 4.9
Chitosan/MMT 20% 0.98 0.99 0.00249 65.9 189 5.3
Chitosan/MMT 30% 0.93 0.99 0.00353 67.7 20.9 5.1
Chitosan/MMT 40% 0.96 0.99 0.00217 76.5 22.1 4.4
Chitosan/MMT 50% 0.99 0.99 0.00231 71.2 20.4 4.5
Chitosan/MMT 10% 50 0.85 0.98 0.00183 90.1 324 6.6
Chitosan/MMT 20% 0.58 0.97 0.00186 98.9 37.8 6.2
Chitosan/MMT 30% 0.89 0.99 0.00119 126.7 38.6 7.1
Chitosan/MMT 40% 0.62 0.99 0.000537 160.5 31.2 7.3
Chitosan/MMT 50% 0.95 0.99 0.000168 152.5 53.5 235
Chitosan/MMT 10% 80 0.84 0.99 0.00267 1434 53.8 7.7
Chitosan/MMT 20% 0.79 0.99 0.00120 155.7 97.0 7.2
Chitosan/MMT 30% 0.84 0.99 0.000550 230.9 110.7 144
Chitosan/MMT 40% 0.92 0.99 0.000457 279.3 115.0 27.4
Chitosan/MMT 50% 091 0.99 0.000258 2421 112.0 39.9

The adsorption capacity increases with increasing amount of
MMT in membranes. Depending on the dye concentration the dif-
ferences in adsorption capacity move from negligible at 30 mg/L of
dye, to obvious at 80 mg/L. It is interesting to note that the highest
capacity was in fact observed at 40% MMT (not shown in the figure),
that was slightly higher than the capacity of membrane with 50%
MMT. It was reported in the literature that increasing the mass
ratio of MMT >50% in chitosan/MMT complexes could not form
stable composite [24]. The increase of dye concentration in solu-
tion increases adsorption capacity, and it reaches maximum from
80 mg/g for lower concentration of 30 mg/L of dye to 152 mg/g for
concentration of 50 mg/L of dye, and 280 mg/g for concentration of
80 mg/L of dye.

3.5. Adsorption kinetics

Kinetics of adsorption were modeled by the first order Lagergren
equation, the pseudo-second order equation and intra-particle dif-
fusion equation. Parameters of the kinetic models were estimated
from experimental data and represented in Table 2.

3.6. Intra-particular diffusion

The dependencies of q; vs. t1/2 are shown in Fig. 6.5 at differ-
ent concentration of dye. As can be seen from Fig. 6.5, the plots
consist of three linear sections with different slopes. A similar
multilinearity has been observed in other systems for the dye
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Table 3
The rate constants of intra-particle diffusion related to the adsorption of Bezactiv
Orange by chitosan/MMT membranes at different concentrations of dye.

Sample Qmax (Mg/g)

8°C 20°C 37°C 55°C
H/MMT 10% 1445 1435 153.8 141.8
H/MMT 20% 198.6 155.7 156.5 157.9
H/MMT 30% 245.3 230.9 2215 167.2
H/MMT 40% 300.5 279.9 2463 180.6
H/MMT 50% 280.2 242.1 232.7 171.3

adsorption on porous titania aerogel [43], sepiolite [17], mont-
morillonite and other organic clay [19], chitosan [13], modified
chitosan with polyvinyl alcohol [44]. This reveals that three stages
are taking place. The first stage is attributed to the external surface
adsorption correlated to the boundary layer diffusion. The second
stage is slower than the first one, and is attributed to the intra-
particle diffusion. The second stage linear dependency did not pass
trough zero, which indicates that intra-particle diffusion is involved
in the adsorption process, but is not the only rate controlling step.
The third stage refers to the final equilibrium stage.

Comparison of kp values (Table 2) reveals that the first diffusion
stage is fastest and that the rate rapidly grows with the dye concen-
tration increase. The second diffusion stage is slower than the first
one. As the departure from the intra-particular mechanism indi-
cates some influence of boundary layer diffusion control it is likely
that the concentration of dye impairs the ability of molecules to
approach the surface, thus influencing the rate of adsorption.

As seen from Table 2, the calculated correlation coefficients are
closer to unity for pseudo-second order kinetic model then for the
first order kinetic model. Therefore, it was ascertained that the
pseudo-second order equation best describes the dye adsorption
on chitosan/MMT membranes. A good agreement with this adsorp-
tion model is confirmed by the similar values of calculated Qmax and
experimental ones for all investigated adsorbents.

3.7. Effect of temperature

The best fit to the pseudo-second order kinetics indicates that
the adsorption of dye decreases with increase of solution tempera-
ture. These results may be attributed to the fact that the increase of
solution temperature reduces the time needed for the samples to
equilibrate, but decreases the adsorption capacity due to the ability
of ions at high temperature as well [45]. In our case, the adsorption
capacity decreased with solution temperature increase for the sam-
ples with 30, 40 and 50% amount of MMT in membrane (Table 3).
On the other hand, the solution temperature had a slight effect on
adsorption capacity for samples with 10 and 20% amount of MMT
in membrane.

3.8. Effect of pH

The pH value of due adsorption plays an important role in
adsorption process and has great influence on the adsorption
capacity. The effect of pH on Bezactiv Orange dye removal by chi-
tosan/MMT membranes is shown in Fig. 7. Dye adsorption increases
by increasing of pH and reaches maximum at pH 6 and then
decreasesin alkaline solution. These results can be explained by fol-
lowing observations: At acidic pH the anionic dye bearing sulfonic
groups, is electrostatically attracted by protonated amine groups,
thus neutralizing the anionic charges of dyes that can bind together.
The removal of the dye reached maximum with the complete
neutralization of the anionic charges. In alkaline solutions, depro-
tonation of amine group takes place and results in poor interaction
between dye and adsorbent. Similar results were reported by Singh
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Fig. 7. pH effect on the adsorption capacity of Bezactiv Orange (80 mg/L) on chi-
tosan/MMT membranes with content of MMT in membrane: a) 50%, b) 30%, and c)
10%.

et al. [46] for adsorption of Remazol Violet on poly(acrylamide)
functionalized chitosan, and on poly(methyl methacrylate) grafted
chitosan [47].

3.9. Adsorption isotherms

Isotherms were obtained by varying the initial concentration of
azo dye from 20 to 70 mg/L. An equilibrium time of 4 days was
allowed. Adsorption data were fitted to the Langmuir and Fre-
undlich isotherms.

The Langmuir isotherm is adequate for monolayer sorption, and
considers that the sorbent surface contains only one type of binding
site and sorption of one ion per binding site is taking place. The
Langmuir isotherm is expressed by following equation:

Ce
1+K xCe

where qe is the amount adsorbed at equilibrium (mg/g), gmax (Mg/g)
the monolayer adsorption capacity, K (L/mg) the Langmuir constant
related to adsorption energy, and Ce the equilibrium concentration
(mg/L). The Langmuir parameters can be determined from linear
form of equation:
Ce 1 CE
e _ + 10
Ge Kdmax = qmax (10)
The Freundlich isotherm describes the heterogeneous surface
energies by multilayer adsorption. The Freundlich isotherm is
expressed as:

ge = keCel/" (11)

de = K X qmax 9)

where k¢ indicates adsorption capacity (mg/g), and n empirical
parameter related to the intensity of adsorption which varies with
the heterogeneity of the adsorbent. The value n is always greater
than 1, so exponent 1/n represents the intensity of adsorption and
heterogeneity in a range between 0 and 1. The high n values for
isotherms indicate relative uniformity at the surface, whereas low
values suggest high adsorption at low concentrations in solution.
Furthermore, low values of n indicate the existence of a higher
proportion of active sites with high energy [48].

The Freundlich parameters can be determined from linear form
of equation:

logke = log k¢ + 1 log Ce (12)

The isotherms data were analyzed and the list of the obtained
parameters is provided in Table 4. A comparison the experimental
data with adsorption isotherms showed that the Freundlich equa-
tion represented the better fit of experimental data (R? =0.99) than
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Table 4

Adsorption isotherms constants for the adsorption of Bezactiv Orange on chitosan/MMT membranes.

Sample Langmuir isotherm Freundlich isotherm
R? Qmax (Mg/g) Ki (L/mg) R? 1/n Kr (mg/g)
Chitosan/MMT 10% 0.92 106.8 0.210 0.99 0.321 341
Chitosan/MMT 20% 0.93 128.7 0.159 0.99 0.293 37.8
Chitosan/MMT 30% 0.91 277.7 0.0542 0.99 0.654 21.1
Chitosan/MMT 40% 0.92 322.6 0.0749 0.99 0.639 30.8
Chitosan/MMT 50% 0.88 740.7 0.0247 0.97 0.854 20.4
Table 5
The comparison of adsorption capacities of the system reported in this paper with similar adsorbents from the literature.
Reference Adsorbent Dye Concentration of dye (mg/L) Qmax (Mg[g)
This work Chitosan/MMT membrane Bezactiv Orange 80 279
Na-bentonite 7.29
[18] Kaolin Congo red 150 5.58
Zeolite 3.03
[49] Chitosan-crosslinked beads Reactive Orange 16 (Bezactiv Orange) 100 30
[50] Organofunctionalized kenyaite Bezactiv Orange 80 33.9
Chitosan Basic Blue 9 Basic Yellow 442 25.1
[24] Na-MMT Basic Blue 9 Basic Yellow 500 42.1 24.7
Chitosan-MMT beads Basic Blue 9 Basic Yellow 489 45.9
[51] Chitosan-bentonite beads Tartrazine 60 245
(52] Quaternary chitosan salt cross-linked (powder) Bezactiv Orange 500 500
1000 1090
(53] Activated carbonaceous materials Bezactiv Orange 600 239
Non-activated carbonaceous materials 229

Langmuir equation. The 1/n parameter of the Freundlich increased
by increasing of content of MMT in membrane, and indicated that
the membrane with higher content of MMT is more homogenous.
Similar results are observed by SEM.

Adsorption capacities of chitosan, clays and modified chitosan
adsorbents, reported in the literature, are reported in Table 5. The
chitosan/MMT membranes exhibit a higher adsorption capacity at
the significantly lower concentration comparing to the pure clays,
which confirms the need to improve them with chitosan. Also,
when compared to crosslinked forms of chitosan, and different
adsorbent shapes (e.g. beads) it is visible that the uncrosslinked
membrane form, used in this paper shows the highest adsorption
potential.

4. Conclusion

The aim of this study was to characterize the polymer com-
plexes based on chitosan and montmorillonite, and investigate
their adsorption capability for removal of textile dyes. The adsorp-
tion kinetics of BO onto these membranes were investigated as a
function of time, concentration, pH and temperature. Chitosan in
combination with clays produced a very good adsorbent, decreas-
ing chitosan drawbacks. These membranes had significantly higher
adsorption capacity at the low acidic conditions (pH above 6), so
it should not need wastewater pretreatment, which is the main
advantage of these membranes in comparison to similar systems.
Despite the relatively long adsorption time, these membranes are
useful because of a very high adsorption capacity, and can be used
for large scale applications where the dye output in wastewaters is
a result of non-continuous processes. Due to the wide availability
of both chitosan and MMT, these membranes are not expensive,
and can be prepared onsite, wherever there is a need for that.

The dye adsorption capacity depended on the mass amount
of MMT, with increasing capacity as the ratio of MMT increased.
The increase of dye concentration in solution increases adsorption
capacity. The results of adsorption kinetics and isotherms showed

that the adsorption process can be fitted by the pseudo-second
order equation and Freundlich equation, respectively. The intra-
particle diffusion model confirmed that intra-particle diffusion is
involved in the adsorption process, but is not the only rate con-
trolling step. FTIR results and SEM micrographs also confirmed
adsorption of Bezactiv Orange on chitosan/MMT membranes. The
adsorption capacity decreased with temperature increase of the
solution for the samples with 30, 40 and 50% amount of MMT in
membrane. The investigated new material exhibits high adsorp-
tion capacity at low concentration of dye and very low mass of
adsorbent, and is more efficient than the other adsorbents used for
removal of Bezactiv Orange.
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