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INTRODUCTION

Production and consumption of silver is increasing
continuously worldwide. According to World Silver Survey
2015, excessive amounts of silver reaching up to 1.07 billion
ounces are consumed worldwide. The major industrial sources
of silver released into the environment are photographic film
manufacturing, mirroring, electroplating, antimicrobial materials,
batteries, catalyst, coinage, jewelry and medication industries
due to its excellent properties such as antimicrobial, ductility,
electrical and thermal conductivity, malleability and photo-
sensitivity [1]. Therefore, silver ion pollution in wastewater is
caused by these industrial activities. The contact with soluble
silver compounds may cause several negative health effects
such as corneal injury, skin irritation, liver and kidney damage,
stomach pain and changes in blood cells [2,3]. The toxicity
and high value of silver result in the effective removal and
recover of silver has become an urgent assignment. Adsorption
represents an effective and simple technique to remove both
inorganic and organic micro-pollutants. Natural biopolymers
are gaining interest for application as adsorbents in wastewater
treatment because their biodegradability and non-toxicity [4].

Natural clay minerals have been widely used for many
years as inorganic filler for plastics and rubbers to reduce the
polymer consumption and cost. Because of their low cost,
abundance in natural, excellent absorptivity and potential for
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ion-exchange, clay minerals are strong candidates as adsor-
bents [5]. The most commonly used clay is montmorillonite
(MMT) because of its high cation exchange capacity (CEC),
great surface area, swelling behaviour and strong adsorption
ability [6-9]. Montmorillonite, which is a 2:1 layered alumino-
silicate, consist of two silica tetrahedral sheets attached to a
central Al octahedral sheet. It has stable negative charges. The
surface of montmorillonite is hydrophilic due to inorganic
cations, such as Na+ and Ca2+, become strongly hydrated in the
presence of water. As a result, the adsorption ability of organic
pollutants on natural montmorillonite is very low [10,11]. Thus,
attempts have been made to improve the adsorption capacity
of montmorillonite. One strategy is to modify the clay mineral
surface with a cationic surfactant such as alkyl ammonium salts
[12]. Replacement of exchangeable cations with cationic surfac-
tants changes the surface of clay minerals from hydrophilic
to a hydrophobic and the obtained complex is an organoclay
[12,13]. In consequence of the modification of the clay, the
surface properties change from highly hydrophilic to increa-
singly hydrophobic [14]. Such organoclays can be used as
adsorbents for the removal of organic substances [15-17].
Chitosan (CTS), a natural polyaminosaccharide synthesizes
from the deacetylation of chitin, has been reported to be a suitable
biopolymer for the removal of heavy, transition metal and dyes
from wastewater due to it contain amino and hydroxyl groups
that serve as the active sites of interaction [18-20].



In this study, chitosan/organoclay nanocomposite beads
were prepared by blending chitosan with montmorillonite
modified by depolymerized chitosan to provide organoclay.
The adsorption efficiency, isotherms and kinetics for Ag(I)
ion from aqueous solution onto nanocomposite were evaluated.

EXPERIMENTAL

Commercial grade high molecular weight chitosan with
an average molecular weight of 150 kDa and 90 % degree of
deacetylation, (CTSinitial), was purchased from Seafresh Chitosan
(Lab) Co., Ltd. (Thailand). Hydrogen peroxide 30 % (v/v),
purchased from Merck Ltd. (Thailand), was used to depoly-
merize chitosan. Sodium montmorillonite with a cation exchange
capacity (CEC) of 50 meq/100 g and a moisture content of
8-12 % was supplied from Thai Nippon Chemical Industry
Ltd. (Thailand). Silver nitrate (AgNO3), sodium hydroxide,
hydrochloric acid and acetic acid (analytical grade) was pur-
chased from Merck Ltd. (Thailand).

Preparation of depolymerized chitosan: The depoly-
merized chitosan was prepared by dissolving 5 g of high
molecular weight chitosan in 100 mL of H2O2 solution at room
temperature with two different H2O2 concentrations [10 and 20
% (v/v)] for either 12 or 24 h. After the reaction, each sample
was filtered to remove the foam and undissolved impurities,
washed with distilled water until the filtrate was neutral and
then dried at 50 °C for 12 h.

Preparation of organoclay: The aqueous solution of
CTSinitial was prepared by dissolving 2 g of original chitosan
in 50 mL of 2 % (v/v) acetic acid solution and stirred with a
magnetic stirrer for 1 h. Montmorillonite (2.5 g) was dispersed
in 50 mL of distilled water and stirred for 1 h. The chitosan
solution was then added to the montmorillonite dispersion and
the mixture was stirred at 2000 rpm in a hi-speed mixer at
room temperature for 1 h to separate the organoclay from the
solution. The precipitate was washed with distilled water and
then dried at 70 °C for 24 h, prior to being ground and sieved
through a 200 mesh sieve. In addition to CTSinitial, the four
depolymerized chitosans, CTS28, CTS25, CTS24 and CTS18, were
used to prepare using same procedure.

Preparation of chitosan/organoclay nanocomposite
beads: Pure chitosan beads were prepared by dissolving 2 g
of chitosan powder (CTSinitial) in 50 mL of 2 % (v/v) acetic acid
solution and stirring for 1 h at room temperature. This mixture
was dropped through a syringe into a precipitation bath con-
taining an alkaline coagulating mixture (H2O:C2H5OH:NaOH
= 4:5:1, w/w) gave rise to the chitosan beads.

Chitosan solution was obtained by dissolving chitosan in
2 % (v/v) aqueous acetic acid solution. Organoclay was slowly
added to the chitosan followed by stirring for 1 h at room tempe-
rature to prepare chitosan/organoclay nanocomposites, in
which the concentrations of organoclay were 1 wt % (chitosan/
organoclay-1), 2 wt % (chitosan/organoclay-2), 3 wt % (chitosan/
organoclay-3), 4 wt % (chitosan/organoclay-4) and 5 wt %
(chitosan/organoclay-5), respectively. The mixtures were stirred
with sonication for 6 h at room temperature. Then, the mixtures
were dropped through a syringe into a precipitation bath gave
rise to the chitosan/organoclay nanocomposite beads. The
beads were extensively washed with de-ionized water and
preserved in an aqueous environment for further use.

Characterization: The molecular weight of chitosan was
characterized by Gel Permeation Chromatography (Water,
Water 600E). X-ray diffraction (XRD) patterns of the organoclay
were performed using a Bruker AXS model D8 Diffractometer
at 40 kV and 40 mA. The diffraction curves were obtained
from 3 to 40° at a scanning rate at 0.02°/min.

The surface morphology of chitosan and chitosan/organo-
clay nanocomposite beads were obtained from the scanning
electron microscopy (SEM) using a JEOL JSM-6335F micro-
scope. Energy dispersive X-ray spectroscopy (EDX, Oxford)
was applied to confirm existence and distribution of specific
elements onto chitosan and chitosan/organoclay nanocom-
posite beads.

Batch adsorption procedure: Batch adsorption experiments
were carried out by using chitosan and chitosan/organoclay
nanocomposite samples (with different organoclay concen-
tration) as adsorbents. The standard Ag(I) ions solution (10
mg L-1) was prepared from AgNO3. Atomic absorption spectro-
scopy (AAS, Analyst 300) was used for the determination of
Ag(I) ions.

Several preliminary batch experiments were performed
for determination of organoclay concentration in bead, contact
time, optimum pH and adsorbent dosage. For a typical adsorp-
tion experiment, 1 g adsorbent was dispersed in 100 mL of
10 mg L-1 AgNO3 solution without adjusting the pH value.
The dispersion was shaken at a speed of 100 rpm at 30 °C. For
optimization of contact time to achieve maximum adsorption
efficiency, batch adsorption experiments were realized at various
times changed between 0 and 240 min. The initial pH values
of solution (in the range of 4 to 10) were adjusted with 0.1 M
NaOH or 0.1 M HCl. The effect of adsorbent dosage on the
adsorption efficiency was studied at interval of 1 to 5 g.

Adsorption isotherms: The procedure for carrying out
adsorption isotherm tests was as follows: a series of 250 mL
flasks were employed. Each flask was filled with 100 mL of
AgNO3 solution of varying concentrations and the pH was
adjusted to 4. One gram of adsorbent was added into each
flask and shaken continuously at a speed of 100 rpm at 30 °C
for 150 min. The quantity of Ag(I) ions adsorbed was derived
from the concentration change.

Adsorption kinetics: The adsorption kinetics of chitosan
and chitosan/organoclay nanocomposite beads for Ag(I) ions
were conducted with 100 mL AgNO3 solutions of concentra-
tions (2, 4, 6, 8 and 10 mg L-1), maintained at pH 6, temperature
30 °C at different contact time of 0-150 min. the adsorption
capacity for Ag(I) ions uptake, qe (mg g-1), was determined as
follows:

e 0

V
q (C C)

W
= − (1)

where C0 and C are the initial and final concentrations (mg L-1),
respectively. V is the volume of solution (L) and W is the weight
of adsorbents (g).

Desorption studies: Desorption of Ag(I) ions in batch
system was evaluated in this study. First, adsorption experi-
ments were carried out under the optimum batch conditions:
at initial pH 6, contact time 150 min and temperature 30 °C.
For desorption process, the adsorbent used in prior stage was
washed with deionized water to remove any unabsorbed Ag(I)
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ions. The desorption experiment was determined in the pH
range from 4 to 10 with a constant stirring (100 rpm) at 30 °C
for 150 min.

RESULTS AND DISCUSSION

Characterization of the depolymerized chitosan: The
average molecular weight and polydispersity of depolymerized
chitosans are shown in Table-1. It was found that the concen-
tration of H2O2 and the reaction time are important factor
affecting the average molecular weight and polydispersity of
depolymerized chitosans. The higher concentration of H2O2

and the longer reaction time both provided a lower molecular
weight of depolymerized chitosan. Therefore, 20 % (v/v) H2O2

for 24 h provided the lowest wM and nM  and also polydis-
persity of depolymerized chitosan.

Interlayer separation of montmorillonite by depolymerized
chitosan: The modified montmorillonite with different mole-
cular weight of chitosan (CTSinitial, CTS28, CTS25, CTS24 and
CTS18) was analyzed by XRD and the powder patterns of
montmorillonite and organoclay are presented in Fig. 1. Since
chitosan is polycationic in acidic environments, it can easily
be adsorbed onto the negatively charged surface of the mont-
morillonite where cationic-exchange between the cationic
chitosan and Na+ and Ca+ ions residing in the interspacing
layer can take place [21]. The typical diffraction peak of mont-
morillonite was 6.06°, corresponding to a basal spacing of
14.59 Å. After modification of montmorillonite with depoly-
merized chitosan, the diffraction peak of original montmorillonite
at 2θ = 6.06° disappeared and was substituted by a new
diffraction peak around  2θ = 5.68°, 5.62°, 4.72°, 4.24° and
3.92°, corresponding to a basal spacing of 15.56, 15.73, 18.72,
20.84 and 22.54 A°, for organoclay with CTSinitial, CTS28, CTS25,
CTS24 and CTS18, respectively. The movement of the typical
diffraction peak of montmorillonite to lower angle indicated
that the formation flocculated-intercalated nanostructure. It is
reported that the flocculated structure in organoclay is due to
the hydroxylated edge-edge interaction of the silicate layers
[22]. The intensity of the peak decreased and even disappeared
with decreasing of molecular weight of chitosan for montmori-
llonite modification indicated the formation of an intercalated-
exfoliated structure in organoclay. The modification with CTS18

shifted the montmorillonite diffraction peak to a lower angle
indicating that the small polymer chains of chitosan18 had a
higher ability to separate the montmorillonite layers than that
of the larger sized chitosans. Therefore, organoclay formed
by the modification of montmorillonite with CTS18 provided
the highest disordered interacted or nearly exfoliated mont-
morillonite particles and was used to form composite beads
with CTS18.
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Fig. 1. XRD powder patterns of (a) original montmorillonite and organoclay
with (b) CTSinitial, (c) CTS28, (d) CTS25, (e) CTS24 and (f) CTS18

Characterization of the adsorbents: The organoclay
particles are uniformly distributed throughout the chitosan/
organoclay nanocomposite beads. The porosity (ε) of the
adsorbents was determined by the amount of water within the
pores of the adsorbents [23]. The porosity (ε) can be calculated
using these equations:

W D w

D Mat W D w

(W W ) /
100 %

W / (W W ) /

− ρε = ×
ρ + − ρ (2)

where WW (g) is the wet weight of the adsorbent beads before
drying; WD (g) is the wet weight of the beads after drying; ρw

is the density of water, 1.0 g cm-3 and ρMat is the density of
adsorbent beads.

The general properties of chitosan and chitosan/organo-
clay nanocomposite beads are shown in Table-2. The water
content of chitosan/organoclay nanocomposite beads less than
that of chitosan beads, indicating that addition of organoclay
made the beads materially denser. The density of the chitosan/
modified montmorillonite nanocomposite beads was signifi-
cantly higher than that of the chitosan beads due to the presence
of organoclay. In addition, porosity in the chitosan/organoclay
nanocomposite beads increased after the addition of organoclay
into the beads, while the diameter of chitosan/organoclay
nanocomposite beads less than that of chitosan beads.

SEM is a widely used technique to study the morpholo-
gical and surface features of the adsorbent. In this study, SEM
was used to assess morphological changes in chitosan surface
after modification with organoclay. Fig. 2 (a) and (c) shows
the SEM image of the chitosan and chitosan/organoclay nano-
composite beads, respectively. It is visible from micrographs

TABLE-1 
MOLECULAR WEIGHT AND POLYDISPERSITY OF DEPOLYMERIZED CHITOSANS 

Condition Label wM  
nM  Polydispersity 

No treatment 
10 % (v/v) H2O2 for 12 h 
10 % (v/v) H2O2 for 24 h 
20 % (v/v) H2O2 for 12 h 
20 % (v/v) H2O2 for 24 h 

CTSinitial 

CTS28 

CTS25 

CTS24 

CTS18 

150,000 
28,000 
25,000 
24,000 
18,000 

50,000 
8,900 
8,400 
7,600 
5,700 

3.5 
2.9 
3.3 
3.2 
2.8 
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that organoclay particles were almost uniformly distributed in
the chitosan matrix.

EDX spectroscopy was used to map the surface of the
adsorbent in order to assess the adsorption sites containing
adsorbed metal ions and their distribution along the surface of
the adsorbent. Supplementary Fig. 2 (b) and (d) show the distri-
bution of Ag(I) ions on the surface of the chitosan and chitosan/
organoclay nanocomposite adsorbent. As can be seen in Supple-
mentary Fig. 2 (b) and (d), a distribution of Ag(I) ions was
observed on the surface of chitosan/organoclay nanocomposite
adsorbent more densely than that of chitosan bead. This result
suggests that the adsorbed of composite bead is governed by
electrostatic forces.

Adsorption studies: Contact time studies are helpful in
understanding the amount of Ag(I) ions adsorbed at various
time intervals by a fixed amount of the adsorbents (1 g) at
various concentration of organoclay in beads 1, 2, 3, 4 and 5

wt %. Fig. 3 clearly indicates a rapid increase in the amount
of percentage removal with chitosan and chitosan/organoclay
nanocomposite beads increased quickly in 30 min and then
became slow and reached the maximum value at 150 min.
This observation could be explained as at the beginning of the
adsorption process, abundant binding sites were available on
the surface of adsorbents, which make the adsorption process
easier. Although at higher contact time, the rate of adsorption
decreased and a saturation stage was attained due to the accu-
mulation of the adsorption sites by the Ag(I) ions. This decline
was due to decreased in total adsorbent surface area and incre-
ased diffusion pathway.

The percentage removal of Ag(I) ions increased with incre-
asing organoclay concentration from 1 to 5 wt % in chitosan/
organoclay nanocomposite beads (where chitosan concen-
tration in beads was fixed at 2 wt %). The percentage of Ag(I)
ions removal was increased proportionally with increasing

TABLE-2 
GENERAL PROPERTIES OF CHITOSAN AND CHITOSAN/ORGANOCLAY NANOCOMPOSITE BEADS 

Adsorbent Wet weight 
(WW, g) 

Dry weight  
(WD, g) 

Water  
content (%) 

Density  
(g cm-3) 

Porosity  
(ε, %) 

Diameter  
(D, mm) 

Chitosan 
Chitosan/organoclay-1 
Chitosan/organoclay-2 
Chitosan/organoclay-3 
Chitosan/organoclay-4 
Chitosan/organoclay-5 

4.61 
3.03 
3.39 
4.08 
3.48 
4.22 

0.38 
0.25 
0.29 
0.34 
0.30 
0.35 

91.76 
91.74 
91.44 
91.67 
91.38 
91.71 

3.84 
4.89 
5.76 
6.91 
7.78 
8.56 

76.77 
77.87 
81.79 
84.04 
87.60 
94.62 

4.08 
4.17 
4.37 
4.38 
4.67 
4.71 

 

Fig. 2. SEM images and EDX mapping of (a-b) chitosan and (c-d) chitosan/organoclay nanocomposite beads after Ag(I) ions adsorption
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Fig. 3. Effects of contact time and organoclay concentration in beads on
Ag(I) ions removal (adsorbent dosage 1 g, Ag(I) concentration 10
mg L-1, volume 100 mL, pH 7)

organoclay concentration from 0 wt % (58.32 %) to 5 wt %
(82.11 %) at 150 min. Organoclay has a negatively charged
surface group and consequently increase in organoclay
concentration in beads increased the adsorption of Ag(I) ions
due to enhanced electrostatic interaction.

The pH of the aqueous solution is an important variable,
it is well known that pH influences the adsorption processes
significantly by affecting both the protonation of the surface
groups and the degree of the ionization of the adsorbates [24].
Chitosan and chitosan/organoclay nanocomposite beads were
slightly soluble in aqueous solution with a pH value of 3, so
the range of pH for Ag(I) ions adsorption test selected in this
study was between 4 and 10.

As shown in Fig. 4, the percentage removal of chitosan and
chitosan/organoclay nanocomposite increase as the solution pH
becomes less acidic from pH 4 to 6. The low uptake of Ag(I)
ions at lower pH can be attributed to the high concentration of
H+ ions, which compete against Ag(I) ions for the binding sites
on the chitosan and chitosan/organoclay nanocomposite surface.
In addition, most of the amino groups of chitosan and chitosan/
organoclay nanocomposite become protonated (-NH3

+) at lower
pH, which reduces the available binding sites for Ag(I) ions
[25,26]. As Ag(I) ions are transported from the solution to the
adsorbent, the protonated amino groups inhibit the approach of
Ag(I) ions due to the electrostatic repulsion force exerted by
NH3

+ on the adsorbent surface [27]. When the pH is increased
from pH 4 to 6, the amino groups become deprotonated, due to
free interaction and binding with Ag(I) ions. Therefore, the
maximum adsorption of Ag(I) ions is observed at pH 6 on these
two adsorbents. However, at pH values above 6, as insoluble
silver hydroxide starts to precipitate from solution and range,
both adsorption and precipitation are to be effective mechanisms
in the removal of Ag(I) ions from aqueous solution. At this stage,
it is worth pointing out that the Ag(I) ions removal of the nano-
composite is higher than the mean values of those of chitosan at
any pH, which help to reduce the market cost of chitosan.

The effect of adsorbent dosage on the Ag(I) ions removal is
presented in Fig. 5. These data was studied under the optimum
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Fig. 4. Effects of pH on Ag(I) ions removal (adsorbent dosage 1 g, Ag(I)
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Fig. 5. Effect of adsorbent dosage on Ag(I) ions removal (chitosan/organo-
clay-5, pH 6, Ag(I) concentration 10 mg L-1, volume 100 mL, contact
time = 150 min)

batch conditions (initial metal concentration 10 mg L-1, initial
pH 6, contact time 150 min and concentration of organoclay 5
wt %). The result shows that the adsorbent dosage has an impor-
tant role in the adsorption process. From the figure, it was observed
that the percentage removal of the metal ions increases with
increasing the adsorbents doses from 1 g to 3 g and further
increase of the adsorbent doses did not provide more increment
in the percentage of the metal ions removal. The increase in the
percentage of the Ag(I) ions removal with increase in adsorbent
dose is due to the greater availability of the surface area at
higher concentration of the adsorbent [28]. Non-significant
increase observed when the adsorbent doses were increased
from 3 g to 5 g, suggests that after a certain dose of adsorbent,
the maximum adsorption is attained and the amount of ions
bound to the adsorbent and the amount of free ions remains
constant even with further addition of the dose of adsorbent.
In addition, the time required to reach equilibrium decreases
at higher doses of adsorbent. This is due to the increase of
efficient adsorption sites at higher dosages.
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Adsorption isotherms: The adsorption isotherm models
are used to describe the surface properties and affinity of adsor-
bent and to evaluate the adsorption capacity of the adsorbent.
In this study, the two adsorption isotherm models, Langmuir
and Freundlich isotherm models were selected to fit the
equilibrium data obtained changing the initial concen-tration
of the Ag(I) ions solution from 2 to 10 mg L-1 under the optimal
batch conditions as described earlier.

The Langmuir model is a valid monolayer adsorption on
adsorbent surface containing a finite number of binding sites
adsorbent [29]. The linear form of the Langmuir isotherm is
expressed as:

e e

e m m

C C1

q bX X

   
= +   
   

(3)

where qe is the amount of metal ions adsorbed per unit mass
of adsorbent (mg g-1) and Ce is the equilibrium concentration of
metal ions solution (mg L-1). The constant Xm is the monolayer
adsorption capacity (mg g-1) and b is the Langmuir constant.
The Langmuir isotherms of chitosan and chitosan/organoclay
nanocomposite beads are shown in Fig. 6. The correlation
coefficient (R2) was found to be 0.998 and 0.989 for chitosan
and chitosan/organoclay nanocomposite beads, respectively,
indicating that the linear Langmuir model gives a good fit to
the adsorption of Ag(I) ions onto chitosan and chitosan/organo-
clay nanocomposite adsorbents. The maximum adsorption
capacity (Xm) of chitosan and chitosan/organoclay nanocom-
posite beads was found to be 46.83 and 80.39, respectively
(Table-3). The increase in the adsorption capacity is due to
high negative surface charge of organoclay.

Table-4 shows the maximum Ag(I) ions adsorption capacity
of chitosan and chitosan/organoclay nanocomposite beads have
been compared to other adsorbents. From this table, it can be
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Fig. 6. Langmuir adsorption isotherm for the adsorption of Ag(I) ions onto
chitosan and chitosan/organoclay nanocomposite beads

TABLE-4 
COMPARISON OF Ag(I) ION ADSORPTION CAPACITY  

OF CHITOSAN/ORGANOCLAY NANOCOMPOSITE  
WITH THAT OF DIFFERENT ADSORBENTS 

Adsorbent 
Adsorption 

capacity  
(mg g–1) 

Reference 

Rice husk 
Immobilized crab shell beads 
Expanded perlite 
Zeolite 
Vermiculite 
Modified bentonite clay 
Chitosan/organoclay nanocomposite  
Activated carbon nanospheres 
Mesoporous graphitic carbon nitride 

1.62 
2.95 
8.46 

33.23 
46.2 

55.55 
80.39 
152 
400 

 
 
 
 
 
 

This study 
 
 

 
concluded that the adsorption of Ag(I) ions onto chitosan/
organoclay nanocomposite bead is effective as much as other
adsorbents. In addition, the low cost, renewable, biodegradable
and relatively non-toxic properties of chitosan/organoclay
nanocomposite adsorbent make it to be promising adsorbent
for the removal of Ag(I) ions from aqueous solution.

The Freundlich model is a non-ideal multilayer adsorption
performed on heterogeneous surface [30]. This model can be
written:

e e

1
log q log C log K

n
= + (4)

where K is the Freundlich adsorption constant related to the
adsorption capacity of adsorbent, 1/n is the adsorption intensity,
which gives an indication of the favourability of adsorption.
The Freundlich isotherms of chitosan and chitosan/organoclay
nanocomposite beads are shown in Fig. 7 and the parameter
summarized in Table-3. The K parameter was found to be 1.24
and 1.52 for chitosan and chitosan/organoclay nanocomposite
beads, respectively, as n parameter was found to be 1.18 and
1.40, respectively. The values of n greater than 1 indicating
that the adsorption of Ag(I) ions by using chitosan and chitosan/
organoclay nanocomposite adsorbents was favourable at
optimized conditions. Moreover, the R2 values (0.937 for chitosan
and 0.958 for chitosan/organoclay nanocomposite beads) was
not able to express the association satisfactorily between the
amount of the adsorbed Ag(I) ions (qe) and the equilibrium
concentration of Ag(I) ions solution (Ce).

Adsorption kinetics: Kinetics study plays a central role
for the evaluation of an adsorption process and consists in the
analysis of the mechanism involved in the solute uptake rate
[31]. To describe the adsorption kinetics for a liquid-solid
adsorption system, several models were formulated according
to the process mechanism. For this purpose, the Lagergren’s
pseudo-first order and the pseudo-second order models were
applied to the experimental data. The linear form of the pseudo-
first order equation [32] is given as:

TABLE-3 
LANGMUIR AND FREUNDLICH ISOTHERM PARAMETERS OBTAINED FROM THE ADSORPTION OF CHITOSAN AND 
CHITOSAN/ORGANOCLAY NANOCOMPOSITE (CONCENTRATION OF ORGANOCLAY 5 wt %) BEADS FOR Ag(I) IONS 

Langmuir isotherm Freundlich isotherm 
Adsorbent 

b (L mg–1) Xm (mg g–1) R2 n K (min-1) R2 

Chitosan 
Chitosan/organoclay-5 

2.14 
1.24 

46.83 
80.39 

0.975 
0.996 

1.18 
1.40 

1.24 
1.52 

0.937 
0.958 
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Fig. 7. Freundlich adsorption isotherm for the adsorption of Ag(I) ions
onto chitosan and chitosan/organoclay nanocomposite beads

1
e t e

k
log (q q ) log q t

2.303
− = − (5)

where qe and qt (mg g-1) are the amount of metal ions adsorbed
at equilibrium time and any time (t), respectively. The k1 parameter
is the rate constant. Determined by plotting of log (qe – qt) and
t. The qe values, pseudo-first order rate constants and R2 values
are shown in Table-5. The adsorption of Ag(I) ions on chitosan/
organoclay nanocomposite beads was not fitted to a pseudo-
first order model and is shown in Fig. 8.

Pseudo-second order kinetic is expressed as the following
equation [33]:
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Fig. 8. Adsorption kinetic fitted by pseudo-first order equation for the
adsorption of Ag(I) ions onto chitosan/organoclay nanocomposite
beads

TABLE-5 
KINETIC PARAMETERS FOR THE ADSORPTION OF Ag(I) IONS ONTO CHITOSAN/ORGANOCLAY  

NANOCOMPOSITE BEADS BASED ON PSEUDO-FIRST AND PSEUDO-SECOND ORDER KINETIC EQUATIONS 

Pseudo-first order Pseudo-second order 
C0 (mg L-1) 

qe (mg g-1) k1 (min-1) R2 qe (mg g-1) k2 (g mg-1 min-1) R2 
2 
4 
6 
8 

10 

1.90 
3.61 
5.22 
6.60 
7.58 

20.7 × 10-3 

14.2 × 10-3 

13.1 × 10-3 

10.5 × 10-3 

  7.6 × 10-3 

0.95 
0.48 
0.79 
0.80 
0.37 

0.06 
0.21 
0.34 
0.59 
0.83 

0.49 
0.14 
0.09 
0.06 
0.04 

0.97 
0.95 
0.96 
0.90 
0.95 

 

2
t 2 e e

t 1 t

q k q q
= + (6)

where qe and qt are the amount of metal ions (mg g-1) adsorbed
at equilibrium time and at time (t), respectively. The pseudo-
second order kinetic for Ag(I) ions adsorption using chitosan/
organoclay nanocomposite beads is presented in Fig. 9. The
second order kinetic rate constant k2 and correlation coefficients
are presented in Table-5. The correlation coefficients for the
second order kinetic model were higher than 0.90 indicating
the applicability of this kinetic model of the adsorption process
of Ag(I) ions on chitosan/organoclay nanocomposite beads.
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Fig. 9. Adsorption kinetic fitted by pseudo-second order equation for the
adsorption of Ag(I) ions onto chitosan/organoclay nanocomposite
beads

Desorption studies: The desorption studies are very impor-
tant due to the economic success of the adsorption process
depends on the regeneration of adsorbent. In this study the
adsorption conditions was carried out at pH 6, 30 °C, contact
time 150 min with initial Ag(I) concentration of 10 mg L-1

and the desorption conditions were carried out at the pH range
from 4 to 10, 30 °C and contact time 150 min. The effect of
pH on desorption of Ag(I) ions from chitosan and chitosan/
organoclay nanocomposite beads is shown in Fig. 10.

The contrast phenomenon from the adsorption was
observed, revealing that the highest desorption percentage was
in alkaline region. The results of the studies indicated that the
desorption of the adsorbed Ag(I) ions in alkaline solution at
pH 4 resulted in about 26.11 and 9.68 for chitosan and chitosan/
organoclay nanocomposite beads, respectively. It is evident
from the low desorption values that the adsorption of Ag(I)
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ions onto chitosan/organoclay nanocomposites was chemisorption
in nature. Chemisorption exhibits poor desorption probably
since the fact that in chemisorptions the adsorbate species are
held firmly to the adsorbent with comparatively stronger bonds.

Conclusion

The aim of this study was to investigate the effect of
chitosan with different polymer chain length (molecular
weight) on the interlayer separation of montmorillonite to
design Ag(I) ions adsorbents. The smaller sized chitosan slightly
enlarged the interlayer separation. The modification of
montmorillonite with CTS18 led to the formation of intercalated
or exfoliated montmorillonite particles as organoclay. CTS18

imparted the highest basal spacing. Thus, organoclay was used
to form nanocomposite beads with CTSinitial as an adsorbent
for the Ag(I) ions from aqueous solution. The results indicated
that the several factors such as contact time, organoclay concen-
tration, pH value and adsorbent dosage affect the adsorption
process. Isotherm analysis of the data showed that the adsorp-
tion pattern of Ag(I) ions onto nanocomposite followed well
the Langmuir model. Using the Langmuir model equation,
the maximum adsorption capacity of chitosan/organoclay
nanocomposite bead was found 80.39 mg g-1 for Ag(I) ions.
The pseudo-second order equation described best the kinetic
data of Ag(I) ions. Finally, it can be seen that the prepared
adsorbent in this study shows good performance for Ag(I) ions
adsorption, which might be related to the combination of the
advantages of both chitosan and organoclay.
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