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ABSTRACT

The adsorption behavior of methyl orange (MO) on chitosan-coated quartz sand (CCS) was
studied as a function of initial solution pH, salt concentration, contact time, concentration of
MO, and temperature in batch mode. The adsorption quantity of MO on CCS was 45.5mg
g−1 at 293 K under the conditions of pH 4.00, CCS dosage 1.00 g L−1, and contact time 720
min. The high temperature and existence of common salts in solution were disadvantage of
MO adsorption. The equilibrium data were fitted well to the Langmuir and Temkin
isotherm models. Pseudo-first-order kinetic model, pseudo-second-order kinetic model, Elo-
vich equation, and intra-particle diffusion models were used to fit the kinetic experimental
data, and the fitted results showed that Elovich equation was the best to predict the kinetic
process. The adsorption was spontaneous and exothermic, according to the thermodynamic
parameters. It was concluded that ion exchange occurs mainly in the adsorption process.
The dye-loaded adsorbent can be reused by regeneration with hot water.
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1. Introduction

The removal of hazardous materials such as heavy
metals, aromatic compounds, and dyes from industrial
effluents is of great environmental concern. Dyes are
common constituents of effluents discharged by vari-
ous industries, such as dyestuffs, textile, paper and
plastics, particularly the textile industry. There are
over 100,000 commercially available dyes and more
than 7 × 105 tones are produced annually [1,2]. The
presence of small amounts of dyes in water is highly
visible and undesirable [3]. Therefore, the effective
treatment method of dyeing wastewater becomes a

task of top priority to the government. Currently,
several technologies have been developed, including
adsorption, oxidation, super filter film, and coagula-
tion, etc. [4,5]. However, all of these methods have
various drawbacks, such as cost, inefficiency, and pol-
lution. Adsorption technique is popular due to its sim-
plicity, low cost, and easy operation. A successful
adsorption process not only depends on pollutants’
adsorption performance of the adsorbents, but also on
the constant supply of the materials for the process.
Certainly, activated carbon is the most effective
adsorbent. However, high cost in production and
regeneration makes it uneconomical. Many low-cost
adsorbents were selected and the results confirmed
that the adsorption technique was an effective and*Corresponding author.
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attractive process for removal of non-biodegradable
pollutants (including dyes) from wastewater [6–16].

In China, quartz sand is widely used as a filter in
the production of tap water. Quartz sand can be used
as a substrate or carrier for its stability, high hardness,
and strength, but its adsorption capacity is very poor.
The modified quartz sand was applied to adsorb bro-
mate [17], arsenic [18], phosphorus, [19] and lead ion
and copper ion [20] from solution.

Chitosan is a biopolymer with a linear polysaccha-
ride based on glucosamine unit, which is easily pre-
pared from chitin by deacetylating its acetoamide
groups with a strong alkaline solution and is consid-
ered to be versatile and environmental friendly, which
can be biosynthesized or biodegraded [21]. It is widely
applied in the removal of metal ions [22–24] and
organic dyes [25,26] because it contains large numbers
of two functional groups (–OH and –NH2). However,
the drawbacks of granulation, low solubility in acid,
and low density of chitosan limit its commercial appli-
cation as an adsorbent. In previous studies, various
types of solids have been coated by chitosan, such as
bentonite [27,28], perlite [29], montmorillonite [30],
activated clay [31], calcium alginate, silica [32], zeolite
[33], and magnetic iron oxides [34]. Chitosan-coated
quartz sand (CCS) was prepared and used to adsorb
copper and lead ions [35,36]. CCS can not only foster
strengths and circumvent weaknesses of chitosan, but
also can enhance the adsorption capacity of sand.
There seemed to be no report on the dye adsorption
onto CCS.

Methyl orange (MO, C·I. 13,025, molecule weight
327.36 gmol−1, CAS 547-58-0) is one of the well-known
acidic/anionic dyes (structure shown in Fig. 1), and it
has been widely used in textile, printing, paper, food,
and pharmaceutical industries, and experimental labo-
ratories. Therefore, the main objective of the present
research is to investigate the property of MO adsorp-
tion onto CCS as a function of pH, salt concentration,
contact time, MO concentration, and temperature.
Adsorption isotherm models and kinetic equations
were used to fit the experimental data, respectively.

2. Materials and methods

2.1. Preparation CCS

The method for the preparation of CCS has been
described elsewhere [35,36]. Briefly, a proper amount

of natural quartz sand (40–60 mesh) was first soaked
in hydrochloric acid solution (1.0 mol L−1) for 24 h,
then washed with deionized water until the solution
is neutral, dried at 373 K in an oven until its weight
was constant. It was grounded to pass through 60–80
mesh sieves. 5 g chitosan was put into 300ml of
hydrochloric acid solution (pH 1.5) and quartz sand
(100 g) was added to the solution and stirred for 5 h
until the chitosan was dissolved completely. NaOH
solution (pH 13.00) was dropped at stirred condition
until it became into colloidal state. The mixtures were
filtered, and the solids were washed repeatedly until
the pH of the suspension became neutral. The solids
were dried, grinded and sieved, and CCS was
obtained. It was stored in an airtight glass container
for experiment.

Elemental analysis showed that there were C
2.31%, N 0.46%, and H 0.40% in CCS while carbon,
nitrogen, and hydrogen were not detected for sand.
Through difference of weight before and heating at
550˚C in muffle oven, the percent of successful
chitosan coating on sand is 4.5%. These results
implied that chitosan can be successfully coated on
the surface of sand.

2.2. Preparation of MO solution

The stock solution of MO (500mg L−1) was pre-
pared in distilled water. All working solutions were
prepared by diluting the stock solution with appropri-
ate volume of distilled water. Solution pH was
adjusted to 4.0 from the result of the effect of pH on
MO adsorption. All reagents and chemicals used were
of analytical grade.

2.3. Adsorption study

Batch adsorption tests were performed at different
contact time at the initial constant concentration of
MO and adsorbent dosage 0.02 g (except effect of
adsorbent dose) in 20ml solution at the temperature
of 293 K. Agitation was made at a constant agitation
speed of 120 rpm for 720min. The samples were then
taken out at certain time interval and filtrated. The
remaining concentration of solution was analyzed by
using a UV spectrophotometer (Shimadzu Brand
UV-3000), by monitoring the absorbance changes at a
wavelength of maximum absorbance (480 nm). The
quantity of dye loaded onto unit weight of CCS (qt
or qe, mg g−1) and removal efficiency (R%) were
obtained using the expression Eqs. (1) and (2),
respectively:

Fig. 1. Structure of MO.
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qe ¼ ðC0 � CÞv
m

(1)

R ¼ C0 � C

C0
� 100% (2)

where C0 is the initial concentration of MO (mg L−1),
C is the concentration of MO at any time t or equilib-
rium time (mg L−1), V is the solution volume (L), and
m is the mass of CCS (g), R is removal efficiency.

The effect of CCS dosage on the adsorption of MO
onto CCS was conducted by contacting different
dosage of CCS, 0.5–4.0 g L−1 with 20ml MO solution
(30mg L−1). MO solution was adjusted to pH of
2.00–10.00 to study the effect of initial solution pH on
adsorption quantity.

2.4. Adsorption equilibrium study

Equilibrium experiments were carried out by mix-
ing 0.02 g of CCS with 20ml MO solution with differ-
ent initial dye concentration. A series of conical flasks
was then shaken in an oscillator with temperatures
293, 303, and 313 K, respectively. After 720min, the
samples were left out and filtrated to determine the
concentration of MO in the solution.

Adsorption isotherms represent the interrelation
between the values of Ce and qe calculated at equilib-
rium, which is characterized by certain constants
which values reveal the surface properties and display
the affinity of an adsorbent for a particular adsorbate.
Almost every model has linear and nonlinear forms.
Indeed, different forms of the equation affected R2 val-
ues more significantly during the linear analysis, the
nonlinear analysis might be a method of avoiding
such errors. Therefore, all model parameters were
evaluated by nonlinear regression analysis in the pres-
ent study.

The Langmuir model assumes that monolayer
adsorption occurs on the solid surface with identical
homogeneous sites [37]. It has been successfully
applied to many pollutants’ adsorption processes and
has been the most widely used adsorption isotherm
for the adsorption of a solute from a liquid solution.
The expression of the Langmuir isotherm equation is
represented as Eq. (3):

qe ¼ qmKLCe

1þ KLCe
(3)

where qm is the qe for a complete monolayer (mg g−1),
and KL is a constant related to the affinity of the

binding sites and energy of adsorption (L mg−1), qe is
sorption capacity at equilibrium (mg g−1), Ce is equi-
librium concentration of MO (mg L−1).

The Freundlich isotherm [37] is an empirical equa-
tion employed to describe the heterogenous surface
adsorption process and high adsorption properties,
but can’t describe the saturation behavior of the adsor-
bent. The isotherm equation is written as Eq. (4):

qe ¼ KFC
1=n
e (4)

where KF and 1/n are the Freundlich constants related
to the adsorption capacity and adsorption intensity of
the adsorbent, respectively.

The derivation of the Temkin isotherm assumes
that the fall in the heat of adsorption is linear rather
than logarithmic, as implied in the Freundlich equa-
tion. It can also be applied to describe the heteroge-
neous surface adsorption as the Freundlich equation.
The Temkin isotherm is expressed as Eq. (5) [37]:

qe ¼ Aþ B lnCe (5)

where A and B are isotherm constants.

2.5. Kinetic studies

The kinetic data obtained from the batch adsorp-
tion at 303 K using 0.02 g of CCS in 20ml of 30, 50,
and 80mg L−1 of MO were analyzed using four differ-
ent kinetic models: pseudo-first-order equation,
pseudo-second-order equation, Elovich equation and
intra-particle diffusion equation.

The pseudo-first-order model [38] was the first rate
equation for the adsorption of liquid/solid system
based on solid capacity. It may be represented by Eq.
(6):

qt ¼ qeð1� e�k1tÞ (6)

where qe is the amount of dye adsorbed at equilibrium
(mg g−1), qt is amount of dye adsorbed at time t (mg g−1),
k1 is the equilibrium rate constant of pseudo-first
adsorption (min−1).

The pseudo-second-order model which was based
on the assumption that the rate-limiting step may be
chemical adsorption or chemisorption involving valen-
cy forces through sharing or exchange of electron
between adsorbent and adsorbate [39]. The pseudo-
second-order kinetic rate equation is expressed as
Eq. (7):
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qt ¼ k2q2et

1þ k2qet
(7)

where k2 is the rate constant of the pseudo-second-
order adsorption (mg g−1 min−1).

The Elovich equation is a useful model for describ-
ing activated chemisorption. The Elovich equation is
expressed as Eq. (8) [40]:

qt ¼ ln ðabÞ
b

þ ln t

b
(8)

where α (mg g−1 min−1) is initial adsorption rate con-
stant while β (g mg−1) is desorption constant.

Intra-particle diffusion equation was applied to
investigate whether the adsorption process was con-
trolled by diffusion in the adsorbent particles and con-
secutive diffusion in the bulk of the solution. The
intra-particle diffusion [41], an empirically found func-
tional relationship, common to most adsorption pro-
cesses, is that the uptake varies almost proportionally
with t1/2, rather than with the contact time t. It is
expressed as Eq. (9):

qt ¼ Ktt
1=2 þ C (9)

where Kt is diffusion rate constant (mg g−1 min−0.5)
and C is constant (mg g−1).

2.6. Desorption and regeneration study

Desorption study can help in elucidating the mecha-
nism of an adsorption process [42–44]. To make the
adsorption process more economical, it is necessary to
regenerate the spent CCS. The exhausted or dye-loaded
CCS was obtained for the adsorption of 50mg L−1 of
MO at pH 4.00. The MO-loaded CCS was washed by
distilled water to remove the residual dye and was
dried at 353 K. The exhausted CCS was regenerated
with 20ml 0.1 mol L−1 NaOH, 0.1 mol L−1 NaClO3 at
303 K and 0.1mol L−1 NaCl, water at 333 K, respec-
tively. The regenerated adsorbent was reused to adsorb
MO from solution at the same experimental conditions.
The regeneration yield was calculated as the ratio of
values of qe before and after regeneration.

3. Results and discussions

3.1. The adsorption comparison of CCS, pure quartz sand
and chitosan to MO

The results of adsorption quantity per gram (qe) at
different shaking times were shown in Fig. 2.

From Fig. 2, the adsorption capacity of CCS toward
MO was better than that of natural quartz sand,
slightly inferior to chitosan. Adsorption capacity of
CCS was 20 times more than natural quartz sand in
180min, and MO molecules can occupy adsorption
sites on CCS surface quickly in the initial stage of
adsorption. The active site or functional groups of –
NH2 and –OH was lower in one gram adsorbent of
CSS which led to lower adsorption quantity(than
chitosan). The use of chitosan alone is costly, because
construction of filters requires more adsorbents.
Immobilizing chitosan on a low-cost material can
result in lower amounts of chitosan being used, but
the overall adsorption capacity toward pollutants may
not significantly be affected [35,36], especially about
one gram of chitosan in composite. Moreover, the
composites improve the mechanical strength and spe-
cific gravity compared to chitosan [34]. This can be
advantage of application in real wastewater and CCS
is better selected as an adsorbent.

According to Fig. 2, the contact time was constant
at 720min in order to guarantee the adsorption equi-
librium.

3.2. Effect of CCS dosage

The effect of dosage on the removal of MO was
illustrated in Fig. 3.

It was observed from Fig. 3 that the values of qe
decreased from 34.7 mg g−1 to 6.7 mg g−1,while the per-
centage removal efficiency (R) increased from 48.6 to
90.7% when the dosage increased from 0.5 to 4 g L−1.

It can be explained that the active site available for
MO adsorption increases with the increase of the
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Fig. 2. Comparison of adsorption quantity among CCS,
pure quartz sand, and chitosan to MO (dosage 1.0 g L−1,
C0 = 30mg L−1, T = 303 K, and pH 4.00).
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adsorbent dose, and consequently, this produces a
lower MO concentration in the solution. Thus, a
higher value of R was observed. But, with increasing
adsorbent dose, the amount of MO adsorbed per unit
mass of CCS reduced, causing a decrease in qe value.
This may be attributed to overlapping or aggregation
of adsorption sites resulting in a decrease in total
adsorbent surface area available to the MO and an
increase in diffusion path length [25]. Similar effect
was previously reported [45,46]. The dosage of CCS
1.00 g L–1 was selected in following experiments.

3.3. Effect of initial solution pH

It is known that the initial pH values of dye solu-
tions affect the structure and properties of both the
dye molecule and the adsorbent. Hence, it can affect
the adsorption quantity. Fig. 4 showed the effect of
solution pH on adsorption quantity of MO binding
onto CCS.

It was observed that the optimum pH value was
4.0, lower or higher this value was adverse to the
adsorption. The adsorption capacity increased with
the pH value increasing at the range of 2.0–4.0, while,
when the value of pH increased from 4.0 to 7.0, the
adsorption quantity decreased. Moreover, adsorption
quantity was approximately constant when the pH
ranged from 7.0 to 10.0. Similar result was observed in
the adsorption of MO onto chitosan [47]. Several
reasons may be attributed to the adsorption behavior
of CCS to MO. For one reason, chitosan was soluble in
water at a lower pH, which lead to active adsorption
sites decrease on adsorbent surface. At lower pH,
more protons are available and amino groups at
surface of chitosan molecules are protonated to

form –NHþ
3 groups. This increased the electrostatic

attractions between negatively charged dye anions
(MO) and positively charged adsorption sites and
increased dye adsorption [25]. The chitosan proton-
ation was hindered and electrostatic attraction
decreased along with the increase of pH, but CCS still
adsorb MO molecules through the hydrogen bond and
van der Waals force. In alkaline medium, there is a
competition between the OH− ions and the dye
anions. It can be seen that the pH of aqueous solution
plays an important role in the adsorption of anionic
dyes onto chitosan. Further studies on adsorptive
removal of MO by CCS were carried out at pH 4.0.

3.4. The effect of salinity on the adsorption

The common salt ions such as Na+, Ca2+, Cl–, etc.
with certain concentration were often existed in the
actual industrial wastewater, so it was necessary to
discuss the effects of salinity or ion strength on the
adsorption process. Fig. 5 showed the effect of NaCl
concentration on adsorption quantity.

From Fig. 5, the existence of NaCl in solution was
not favor of MO adsroption. The adsorption quantity
of CCS toward MO reduced rapidly and then tended
to be stable with the increase of the concentration of
NaCl from 0 to 0.20 mol L−1, which could be attributed
to the competitive effect between MO ions and anionic
from the salt for the available sites at adsorbent’s sur-
face. Ionic strength is one of the key factors affecting
the electrical double-layer (EDL) structure of a
hydrated particulate. An increase in ionic strength
leads to a decrease in EDL thickness and an increase
in the amount of indifferent ions approaching the
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Fig. 3. Effect of CCS dosage on removal efficiency and
adsorption quantity of MO (C0 = 30mg L−1, pH 4.00, con-
tact time 720min, and T = 303 K).
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Fig. 4. Effect of solution pH on the adsorption quantity of
MO (C0 = 30mg L−1, CCS dosage 1.0 g L−1, contact time
720min, and T = 303 K).
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adsorbent surface. Thus, the results shown above can
be attributed in part to increased competition between
MO and Cl− ions for surface sites with increasing the
ionic strength [48]. Usually, salt may screen the elec-
trostatic interaction of opposite charges in adsorbents
and the dye molecules, and an increase in salt concen-
tration could decrease the amount of dye adsorbed,
confirming that electrostatic interaction was responsi-
ble for the adsorption of MO by chitosan [25]. Another
reason is that when ionic strength increase the activity
(effective concentration) of MO the active sites
decrease, so the adsorptive capacity of MO onto
adsorbents decreases [11,49]. This phenomenon
implied that the interaction mechanism between MO
and CCS includes ion exchange or electrostatic attrac-
tion.

3.5. The effect of equilibrium concentration on adsorption

The effect of the initial concentration of MO at dif-
ferent temperatures on adsorption was shown in
Fig. 6.

It was seen from the Fig. 6 that equilibrium uptake
of MO increased gradually with the increase of MO
concentration at the same temperature until it reaches
equilibrium, this is the result of the molecular collision
opportunities between adsorbate and adsorbent
enhanced along with MO concentration increased.
Higher MO concentration can provide driving force to
overcome the resistance of the adsorption. Adsorption
quantity did not change with the concentration
increase to a certain level because the active sites of
the adsorbent surface were fully occupied and the
adsorption equilibrium was reached. It was observed

from Fig. 6 that higher temperature was not favor of
MO adsorption and this implied that the adsorption
process be exothermic.

The nonlinear fitted curves with three adsorption
models were also shown in Fig. 6, respectively. The
Langmuir, Freundlich, and Temkin adsorption con-
stants evaluated from the isotherms at different tem-
peratures and the values of R2 and SAE were
presented in Table 1.

Langmuir constant qm represents the monolayer
saturation at equilibrium, reduced with increase in
temperature. However, the values of KL represented
the opposite trend, which accounts for the exothermic
nature of the adsorption process.

The Freundlich model was employed to fit the
equilibrium data for further analysis. The decrease of
Freundlich constant KF with increase of temperature
confirmed that adsorption was favorable at low tem-
peratures and the process was exothermic in nature.
Values of 1/n ranged between 0.1 and 0.5, which indi-
cated that the adsorption readily and easily occurred
in the experimental conditions [50].

For Temkin model, the parameters of A increased
and B decreased along with the rise of temperature.
Parameter B can reflect the heat of adsorption. The
results also showed the exothermic process.

Based on the values of R2, SAE in Table 1 and the
fitted curves in Fig. 6, higher determined coefficients
(R2 > 0.97) and smaller errors (SAE < 10.4) for the
Langmuir model and the Temkin model at all tested
temperature values suggested that these two models
be available for describing the adsorption of MO onto
CCS. However, the Freundlich isotherm was not satis-
factory for fitting the adsorption data compared with
Langmuir and the Temkin model. These showed that
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Fig. 5. The effect of salt concentration on adsorption quan-
tity (C0 = 30mg L−1, CCS dosage 1.0 g L−1, pH 4.00, contact
time 720min, and T = 303 K).
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Fig. 6. Adsorption isotherms and the nonlinear fitted
curves of three isotherm models at different temperatures.
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the adsorption may be monolayer adsorption.
Langmuir isotherm model fitted the results quite well
and suggested that the surface of the adsorbent be
homogenous, while Temkin isotherm model fitted well
and suggested that the surface be heterogeneous. The
results showed that the process of adsorption was
complex and chemical action and physical action were
both existed.

3.6. Kinetic studies

The effects of contact time on adsorption quantity
at various MO concentrations were illustrated in
Fig. 7.

As seen in Fig. 7, the dye adsorption process on
the CCS was rapid in the first 50min, then continued
with a slower rate during the 60–360min and nearly
reached a plateau after approximately 600min of the
experiment. A two-stage kinetic process is evident: an
initial rapid stage, where adsorption rate is fast and
contributes significantly to equilibrium uptake, and a
slower second stage which is relatively small to the
contribution of the total MO adsorption. The first
stage is the instantaneous adsorption stage or external
surface adsorption. The second stage is the gradual
adsorption stage (where the intra-particle diffusion is
rate controlled) and finally MO uptake reaches equi-
librium. This suggests that adsorption include two dif-
fusion processes, external and internal diffusion.

The calculated kinetic parameters, correlation coef-
ficient, and errors were listed in Table 2.

It was observed from Table 2 that the kinetic data
were fitted in order as the Elovich, pseudo-second-
order, pseudo-first-order and intra-particle diffusion.
The Elovich model was best to describe the adsorption
of MO because of the largest R2 value （R2 > 0.987）
and lowest errors (SAE < 10.0). The constant α
increased and diffusion rate constant β diminished
along with the increase of MO concentration. Further-
more, the fitted curves from the Elovich were most
near to the experimental curve (shown in Fig. 7). As
the Elovich equation is successfully used to describe
the adsorption kinetics of ion exchange systems, it can
be concluded that the adsorption system be a chemical
process, especially an ion exchange process [40].

Pseudo-second-order equation can also be used to
describe MO/CCS adsorption of for the higher
determined coefficient and values of qe from model
was close to experimental data. This indicated that the
adsorption reaction belonged to the chemical

Table 1
Parameters of adsorption isotherm models at different
temperatures

T/K 293 K 303 K 313 K

Langmuir
qm (mg g−1) 49.0 39.1 35.2
KL (Lmg−1) 0.175 0.203 0.230
R2 0.990 0.974 0.989
SAE 10.4 13.7 6.65
Freundlich
KF (mg g−1) 14.8 14.51 14.2
1/n 0.284 0.236 0.215
R2 0.954 0.971 0.908
SAE 19.6 8.39 12.1
Temkin
A 8.27 9.89 10.0
B 9.33 6.76 5.89
R2 0.993 0.996 0.976
SAE 10.3 4.13 8.60

Note: SAE ¼ Pn
i¼1 jqc � qej, qc is the calculated date according to

the adsorption model, n is number of experimental points.
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Fig. 7. Adsorption kinetic and the nonlinear fitted curves
((a) pseudo-first-order kinetic model and pseudo-second-
order model (b) Elovich model and intra-particle diffusion
model) of four models at different concentrations.
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adsorption reaction process [39]. The equilibrium qe
increased and the rate constant k2 decreased with the
concentration increase, are probably because the
increase of the initial concentration of the solution
made the number of dye molecules to increase, caused
the space block. From Table 2, pseudo-first-order equa-
tion can also better describe the adsorption process.

The adsorbates are most probably transported from
the bulk phase into the adsorbent through the intra-
particle diffusion, which is the rate-determining step
in rapidly stirred batch reactors [46]. If the plot of qt
vs. t passes through the origin then the intra-particle
diffusion is the only rate-limiting step. Intra-particle
diffusion equation was available according to values
of R2 listed in Table 2 and fitted curves from Fig. 7.
These implied that intra-particle diffusion play a sig-
nificant role in the uptake of MO ions by CCS. The
parameters of C in Table 2 were not zero and this
showed that intra-particle diffusion was involved in
the adsorption process, but it was not the sole
rate-controlling step. Both external diffusion and
intra-particle diffusion play an important role during
the adsorption process.

3.7. Desorption and regeneration

Regeneration of exhausted adsorbent and reuse are
of importance due to environmental- and economic

motivations [51–53]. Desorption and regeneration
studies are important in the field of adsorption stud-
ies. The results of regeneration efficiency were listed
in Table 3.

From Table 3, regeneration efficiency was found to
be highest (99.9%) in case of NaClO3 and other meth-
ods was over 94%. However, considering the high cost
and separation of oxidation by-product generated in
the progress, hot water (333 K) can be used as a regen-
erating agent as the regeneration efficiency can reach
96.9%, which was attributed to the previous study that
the increase of temperature was unfavorable for the
adsorption of MO (but contributed to desorption). In
addition, the desorption method of hot water was eco-
nomically feasible, environmental friendly and made
it possible for large-scale promotion of CCS.

3.8. Thermodynamic studies

In practical environmental engineering, both
enthalpy and entropy must be taken into consider-
ation in order to determine what processes occur
spontaneously. Thermodynamics parameters, Gibbs
free energy (ΔG˚), enthalpy (ΔH˚), and entropy (ΔS˚)
were calculated by van’t Hoff and Gibb’s-Helmholtz
equations [50]:

KC ¼ Cad;e

Ce
(10)

DG� ¼ �RT lnKc (11)

DG� ¼ DH� � TDS� (12)

where Cad,e and Ce are the equilibrium concentrations
of dye (mg g−1) on the adsorbent and solution, respec-
tively. Kc is the equilibrium constant, the value of Kc

in the lowest experimental dye concentration can be
obtained. T is the solution temperature (K) and R is
the gas constant.

Thermodynamic parameters were calculated and
shown in Table 4.

The negative ΔG˚ values at different temperatures
revealed the spontaneity and feasibility of the adsorp-
tion process. The decrease in the value of the free

Table 2
Kinetic parameters for adsorption of MO onto CCS at
different concentrations

C0 (mg L−1) 30 50 80

Pseudo-first-order
k1 (min−1) 0.00802 0.00971 0.00692
qe-cal (mg g−1) 24.6 34.2 46.3
qe-exp (mg g−1) 25.3 38.3 48.0
R2 0.936 0.901 0.932
SAE 4.46 15.1 8.05
Pseudo-second-order
k2 × 10−4 (gmg−1 min−1) 3.90 3.50 1.70
qe-cal (mg g−1) 28.2 38.8 53.9
R2 0.960 0.950 0.955
SAE 10.3 18.0 19.1
Elovich
α 0.825 1.36 1.45
β 0.179 0.131 0.0974
R2 0.989 0.989 0.988
SAE 4.98 6.13 10.0
Intra-particle diffusion
Kt 0.926 1.27 1.74
C 3.50 6.18 5.42
R2 0.883 0.889 0.917
SAE 19.6 26.0 29.3

Table 3
Regeneration efficiency with various methods

Method Hot water NaOH Hot NaCl NaClO3

Efficiency/% 96.9 94.4 97.3 99.9

B. Zhao et al. / Desalination and Water Treatment 55 (2015) 1598–1608 1605



energy with increase in the temperature indicated that
it was in favor of adsorption at lower temperature.
The negative ΔH˚ value confirmed the exothermic
adsorption process. The negative value of ΔS˚ which
was very small suggested the hardly change random-
ness at the solid–solution interface during the adsorp-
tion of MO onto CCS. The encounter ions which were
displaced by the adsorbate species gained smaller
translational entropy than ions lost by adsorbate, thus
allowing for nonprevalence of randomness in the
system.

3.9. Mechanism of adsorption

The functional groups such as –NH2, –OH, origi-
nally presented in chitosan, were intact after coating
on quartz sand and were available for interaction with
dye molecules. Chitosan was potential as an adsorbent
for the removal of anionic dyes from textile wastewa-
ter because it efficiently adsorbed dyes at acidic condi-
tion (amine groups –NH2 protonated as –NHþ

3 )
[25,54]. In aqueous solutions, the synthetic reactive
dye, including MO, is dissolved and the sulfonate
group of the reactive dye is dissociated and converted
to anionic ions:

DSO3Na�!H2O
DSO�

3 þNaþ (13)

The adsorption process then proceeds due to the elec-
trostatic interaction between these two counter ions
and forms an ion pair [54]. As a result, these ion pairs
can act as anion adsorption sites

R0 �NHþ
3 þDSO�

3 , R0 �NHþ
3 �O3SD (14)

This result demonstrated an ion exchange mechanism.
At a higher pH value, the surface charge of chito-

san is neutral or negative which hinders adsorption
by the decrease of static attraction or increase of elec-
trostatic force of repulsion between the negatively
charged dye molecule and adsorbent. But there is still
some adsorption capacity at pH over 7. Therefore, in

addition to ionic bonding, there may be a strong pos-
sibility that dye molecules with N, S, and O acts
through hydrogen bonding with –CH2OH groups in
the polysaccharide chain of the chitosan unit [55]. This
suggests the involvement of other interactions as
hydrogen bonds, van der Waals force, etc. in the
adsorption process [56,57]. The effect of initial pH,
elution studies, and the thermodynamic parameters
demonstrated that MO was probably adsorbed onto
chitosan by both physical and chemical adsorptions.
In addition, the adsorption mechanism under acidic
conditions was chemical adsorption, while under
caustic conditions was both physical and chemical
adsorptions [58]. Fig. 8 represents the possible interac-
tions between chitosan and MO.

4. Conclusion

Adsorption property of MO onto CCS was studied
in batch mode. It was in favor of adsorption at solu-
tion pH 4.0. The high temperature and salt co-existed
in solution were not beneficial for MO adsorption. The
Langmuir model fitted the equilibrium data well and
the adsorption quantity from Langmuir model was to
49.0 mg g−1 at 293 K. The kinetic process of MO
adsorption can be best predicted by Elovich equation.
The results implied that ion exchange be the main
mechanism. The thermodynamics parameters indi-
cated that the adsorption process was spontaneous
and exothermal. Finally, the desorption study indi-
cated that the regeneration efficiency was over 90% by
several methods. Therefore, it may be concluded that
the CCS can be an efficient, environmental, and
economically feasible alternative for the removal of
anionic dye from wastewater.

Table 4
Thermodynamic parameters of MO adsorption onto CCS

T/K 293 303 313

ΔG˚ (kJ mol−1) −4.87 −4.74 −3.85
ΔH˚ (kJ mol−1) −19.9
ΔS˚ (J mol−1 K−1) −50.9

Fig. 8. MO–chitosan interaction: (1) ionic interaction
(involves pH of experimental solution 4), (2) hydrogen
bonding between the hydroxyl group of chitosan and
electronegative element in the dye molecule, and (3) van
der Waals force.
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