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ABSTRACT

Chitosan microspheres modified by β-cyclodextrin (CDS) were prepared and utilized for
removing methyl orange (MO) from aqueous media in this study. Batch experiments were
conducted to examine kinetics, adsorption isotherm, pH effect, and thermodynamic parame-
ters. Adsorption data of MO uptake by CDS were analyzed according to Langmuir and
Freundlich adsorption models. Thermodynamic parameters for the adsorption system were
determinated at 303, 313, 323 and 333 K (ΔH˚ = −26.02 kJ mol−1; ΔG˚ = −8.66 to −6.95 kJ
mol−1 and ΔS˚ = −57.28 J K−1 mol−1). ΔG˚ values obtained were negative, indicating that the
adsorption of MO on the surface of CDS was a spontaneous adsorption process. The kinet-
ics of this process was described very well by a pseudo-second-order rate equation. These
results showed that the CDS could be considered as a potential adsorbent for the removal
of MO in aqueous solution.
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1. Introduction

Toxic dyes removal from industrial wastewater has
become an important issue because of environmental
concerns. Some of these dyes are not only aesthetic
pollutants, but coloration of water by the dyes may
interfere with light penetration affecting aquatic
ecosystems [1]. Methyl orange (MO) is widely used in
the textile, printing, paper manufacturing, pharma-
ceutical, food industries and also in research laborato-
ries [2]. MO is toxic, mutagenic and carcinogenic [3,4].

The dye is representative contamination in industrial
wastewater. To meet environmental regulations, efflu-
ents or water contaminated with MO must be treated
before discharge. It is difficult to degrade dye materi-
als because they are very stable to light and oxidation.
There are various methods to treat dyes and heavy
metal ions from contaminated water, such as ion
exchange, adsorption, reverse osmosis, ultrafiltration,
oxidation and ozonation [5–10]. Among these meth-
ods, adsorption is the most widely used one because
of its ease of operation and comparably low cost. The
ability of a large variety of adsorbent materials to
remove dyes has been proposed and investigated
[11,12]. Much attention has recently been focused on
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various biosorbent materials that can be obtained in
large quantities and they are harmless to nature. An
alternative means of treatment of dyeing wastewater
[13–16] has involved chitosan (CS), which is widely
distributed and abundant in nature, and is
biodegradable [17].

CS is a natural polysaccharide with appealing
intrinsic properties, such as biodegradability, biocom-
patibility, film-forming ability, bioadhesivity, poly-
functionality, hydrophilicity and adsorption
properties. These numerous properties lead to the
recognition of this polyamine as a promising raw
material for adsorption purposes [18]. Most research-
ers employed CS as adsorbent to treat dyeing
wastewater, and had achieved great success. Physi-
cally and chemically modified CS has also been used
in some works: for example, Wang and Wang
employed CS/montmorillonite nanocomposite parti-
cles in the sorption of Congo Red, and Lima et al.
used CS chemically modified with succinic anhydride
for methylene blue adsorption [19,20].

To the authors’ knowledge, the use of CS micro-
spheres modified by β-cyclodextrin for removing MO
has not been well investigated. The aim of the present
study was to investigate and explore the feasibility of
CS microspheres modified by β-cyclodextrin for
removing MO from aqueous solutions. The influence
of several operating parameters for adsorption of MO,
such as contact time, temperature and pH, were
investigated in batch mode. The kinetic data are fit for
different models and the isotherm equilibrium data
obey Langmuir and Freundlich.

2. Materials and methods

2.1. Materials and analytical method

All the studies were done using deionized water
and reagents of A.R grade. An aqueous stock solution
of MO (2,000 mg L−1) was prepared by dissolving MO
(molecular formula: C14H14N3NaO3S, molecular
weight: 327.34, Shanghai Sanai Chemical reagent Co.
Ltd, China) in deionized water. Other working solu-
tions with different concentration were obtained by
successive dilution.

The concentration of the MO solution was ana-
lyzed by a UV–visible spectrophotometer (Shimadzu
UV-160A) at maximum wave lengths of 465 nm [21].

The adsorbed amount of MO at equilibrium, qe
(mg g−1) was calculated by using the mass balance:

qe ¼ C0 � Ceð ÞV
W

(1)

where V is the solution volume (L), W is the amount
of adsorbent (g), and C0 and Ce are the initial and
equilibrium MO a concentrations (mg L−1),
respectively.

2.2. Preparation of adsorbents

CS (3.0 g) was dissolved in 50 mL of 2% (w/v)
acetic acid solution under stirring at room tempera-
ture, then PEG2000 (0.03 g) was added, and the mix-
ture was added to liquid paraffin in a three-necked
flask. Span80 (1.5 mL) was added to emulsification for
about 0.5 h. Then, 5.7 mL of formaldehyde was added,
and the solution was stirred for another 1 h. The reac-
tion solution was poured to the mixture of ethanol/10
wt% NaOH solution. Then cross-linked CS micro-
spheres were suction filtered carefully and washed
thoroughly with petroleum ether, anhydrous ethanol
and deionized water. Calculated amount of CS micro-
spheres was transferred into a 100 mL three-necked
flask with 0.4 mol L−1 NaOH solution and 100 mL
dimethyl sulfoxide, and then calculated amounts of
β-CD and epoxy chloropropane were added to the
mixture. The mixture was stirred for 8 h at 60˚C. The
products were suction filtered carefully and washed
thoroughly with acetone and deionized water. Subse-
quently the products were moved in a 300 mL HCl
solution (0.5 mol L−1) for 6 h at 333 K. Finally, the
resulting products were thoroughly washed and vac-
uum-infiltrated with NaOH solution, ethanol, and
deionized water, and then vacuum-dried at 45˚C to
produce CDS microspheres. The synthesis is shown in
Fig. 1.

2.3. Characterization of the adsorbents

The scanning electron microscopic (SEM) of CDS
were carried out using scanning electron microscopy
(Hitachi S-3500N, Hitachi company, JPN). The FTIR
spectra of the CDS and CTS were recorded on a FTIR
Spectrometer (Nexus 470, Thermo Nicolet, USA) using
KBr pellets over the range 4,000–400 cm−1.

2.4. Effect of contact time

The contact time of adsorbent with adsorbate is of
great importance in adsorption since contact time
depends on the nature of the system used. Adsorption
experiments for MO on CDS were carried out as fol-
lows: to each of 0.3 g the CDS sample, 120 mL of solu-
tion containing 200 mg L−1 of MO was added. The
samples were shaken at room temperature for periods
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ranging from 5 min to 3 h, and then 5 mL portions of
liquid phases were measured.

2.5. Effect of pH

Effect of initial solution pH on adsorption was
determined by mixing 0.1 g of CDS with 50 mL of
solution containing MO concentration of 100 mg L−1 at
temperature of 30 ± 1˚C and various pH values rang-
ing from 3 to 12. Solution pH was adjusted with 1 M
HCl and NaOH solutions. The mixture was shaken for
2 h and the solution was filtered and analysed.
Experimental data was the average of triplicate
determinations [22].

2.6. The adsorption isotherms

The adsorption isotherms were studied by varying
the concentration of MO solutions with a fixed dose of
adsorbent. To investigate the sorption isotherms, two
models, Langmuir and Freundlich isotherm equations
were applied [23,24]. The linearised isotherm equa-
tions are expressed as the following:

Langmuir:

Ce

qe
¼ Ce

Q0
þ 1

Q0b
(2)

Freundlich:

log qe ¼ log K þ 1

n
log Ce (3)

where Ce is the equilibrium liquid phase concentration
(mg L−1), qe is the amount of sorbent adsorbed per
unit weight (mg g−1); and Q0 and b are the Langmuir
constants related to the sorption capacity and the rate
of adsorption, respectively. K and 1/n are Freundlich
constants. The values of K and 1/n, which roughly
correspond to the adsorption capacity and the hetero-
geneity factor representing the deviation from linearity
of adsorption, respectively.

A further analysis of the Langmuir equation can
be made on the basis of a dimensionless equilibrium
parameter, RL [25], also known as the separation
factor, given by Eq. (4):

RL ¼ 1

1þ bC0
(4)

where b (L/mg) is the Langmuir constant and C0 (mg
L−1) is the initial highest concentration of MO. The
value of RL lies between 0 and 1 for a favorable
adsorption, while RL > 1 represents an unfavorable
adsorption, and RL = 1 represents the linear adsorp-
tion, while the adsorption operation is irreversible if
RL = 0.

2.7. Thermodynamic studies

Thermodynamic parameters such as free energy
(ΔG˚), enthalpy (ΔH˚), and entropy (ΔS˚) change of
adsorption can be evaluated from the following
equations [26,27]:

Kc ¼ CAe

Ce
(5)
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Fig. 1. Scheme for preparation of the modified CS microspheres.
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lnKc ¼ �DH
�

RT
þ DS

�

R
(6)

where Kc is the equilibrium constant, CAe is the
amount of MO (mg) adsorbed on the adsorbent per
liter of the solution at equilibrium, and Ce is the equi-
librium concentration (mg L−1) of the MO in the solu-
tion. R is the universal gas constant (8.314 J mol−1 K)
and T is the absolute temperature (in Kelvin). The
Gibbs free energy change is related to enthalpy change
(ΔH˚) and entropy change (ΔS˚) at constant tempera-
ture by Eq. (7).

DG
� ¼ DH

� � TDS
�

(7)

2.8. Adsorption kinetics

Adsorption kinetics is important from the point of
view that it controls the efficiency of the process and
the models correlate the adsorbate uptake rate with its
bulk concentration. Experiments were also performed
in order to understand the kinetics of MO removal by
CDS. At various time intervals, samples were taken
and the concentration was measured. The amount of
MO adsorbed qt at time t was determined by the
following equation:

qt ¼ C0 � Ctð ÞV
W

(8)

where qt is the amount of MO adsorbed at time t
(mg g−1), V is the volume of the solution (L), W (g) is
the mass of the adsorbent, C0 and Ct are the concen-
trations of the MO at initial (t = 0) and at time t,
respectively.

In order to analyze the sorption rate, the kinetic
data were modeled using Lagergren pseudo-first-order
and Ho pseudo-second-order equations [28,29].

Lagergren pseudo-first-order:

logðqe � qtÞ ¼ logðqeÞ � k1
2:303

t (9)

Ho pseudo-second-order:

t

qt
¼ 1

k2q2e
þ 1

qe
t (10)

where qt and qe are the amount of MO adsorbed
(mg g−1) at time t and at equilibrium, respectively; k1
(min−1) and k2 (mg g−1 min−1) are the pseudo-first-
order and pseudo-second-order rate constants.

3. Results and discussion

3.1. Sorbent characterization

Fig. 2 shows a general SEM micrograph of the
CDS, and it can clearly be seen that the modified CS
microspheres are well shaped spheres and have por-
ous surfaces. The CDS have the diameter size range of
35–50 μm. Fig. 3 shows the FT-IR spectra of pure CTS
and CDS. Spectrum a retains the characteristic absorp-
tion peaks of CTS. The broad bands near 3,449 cm−1

indicates the presence of hydroxyl groups and amino
groups. The peak at 2,876 cm−1 was attributed to the
asymmetric stretching of –CH group in the polymer,
1,598 cm−1 indicates the amide I group (C–O stretch-
ing along the N–H deformation). Compared to CTS,
the peak at 3,396 cm−1 turns to broad that is attributed
to the hydroxyl groups of β-cyclodextrin. The peak at

Fig. 2. SEM images of CDS.
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1,646 cm−1 is the N–H2 deformation vibration of
amino groups. The peak at 1,035 cm−1 is assigned to
asymmetric –C–O–C– stretching vibration of CDS. The
peaks corresponding to hydroxyl, amino and ether
groups are shifted indicating CS microspheres modi-
fied by β-cyclodextrin. The BET surface area was
2.517 m2/g. Average pore width was measured 1 μm.
Volume of pores were 0.0118 cm3/g.

3.2. Effect of contact time

The effect of contact time on the adsorption of MO
is shown in Fig. 4. Where it is clear that a rapid
uptake of MO can be observed within the first 40 min.
Thereafter, the adsorption rate decreased, and the
adsorption reached equilibrium in about 120 min. The
observed removal efficiency was 96.93% at 120 min.
The differences in the adsorption values after 120 min
were very small. This phenomenon could be attributed
to the instantaneous utilization of the most readily
available adsorbing sites on the adsorbent surface.

3.3. Effect of pH

Some experiments were carried out to examine the
influence of initial pH on the adsorption of MO with
100 mg L−1 solutions. The effect of pH on removal of
MO dye from aqueous solution at various solution pH
is shown in Fig. 5. Accordingly, the percentage of dye
removal increased gradually from 75 to 97% with the
increase in pH of ranging from 2.1 to 4.4. The low pH
leads to an increase in H+ ions on the CDS surface,
that results in strong electrostatic attraction between
the negatively charged dye molecules and the

positively charged [30]. As the pH of the system
increases, there is a decrease in efficiency of the dye
removal which could be explained that at high pH,
hydroxyl ions can compete with the dye for adsorp-
tion sites on the surface of CDS, hence led to a reduc-
tion in the percentage of dye removal. In alkaline
medium, a small amount of dye is still adsorbed
owing to Van der Waals attraction. Moreover, MO can
form hydrogen bonds with the OH groups of CS
owing to the high electronegativity of its O, N, and S
atoms. Below pH 3, a decrease of adsorption, more
pronounced with the lowest initial MO concentration,
is also observed. Therefore, The optimum pH for the
dye removal is 4.4.

3.4. The adsorption isotherm

Isotherms are represented in Figs. 6 and 7, the
Langmuir and Freundlich models, respectively. Iso-
therm parameters for the Langmuir and Freundlich
models for the CDS are reported in Table 1. The
correlation coefficients (R2) values were higher for
Freundlich isotherm than that of Langmuir isotherm.
The high value of correlation coefficient (R2 = 0.9992)
reinforces the fact that Freundlich isotherm is more
suitable to explain the adsorption of MO from the
solution on the current adsorbent. The result is in
agreement with the view that the Freundlich model is
believed to be the best equilibrium model for molecu-
larly imprinted polymers [31]. The value of n between
1 and 10 indicates favorable adsorption [32], while the
relatively low Ka value suggests that a lesser number
of active sites are available. The value of RL in the pre-
sent investigation is much less than 1 and very closeFig. 4. Effect of contact time on the MO removal.

Fig. 5. Influence of initial pH on the MO removal.
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to 0. Therefore, the sorption process is very favorable
and the adsorbent employed exhibits a good potential
for the removal of MO from aqueous solution.

3.5. Thermodynamic parameters

The values of ΔH˚ and ΔS˚ are calculated from the
slope and intercept of the Van’t Hoff plot (ln Kc vs. 1/T)
shown in Fig. 8. The calculated values are given in
Table 2. The negative values of the Gibbs free energy
change indicate that the adsorption process is sponta-
neous. In addition, more negative value with the
decrease of temperature shows that the amount
adsorbed at equilibrium must decrease with increasing
temperature [33]. The negative value of ΔH˚ (−26.02 kJ
mol−1) suggests an exothermic nature of adsorption of
MO on the CDS. In other words, the high temperature

Fig. 6. Langmuir adsorption isotherm for MO adsorption
on CDS.

Fig. 7. Freundlich adsorption isotherm for MO adsorption
on CDS.

Table 1
Parameters of the Langmuir and Freundlich isotherm models

T (K)

Langmuir Freundlich

Q0 (mg g−1) b (L mg−1) RL R2 K (mg g−1) (L mg−1)1/n n R2

298 250.63 0.177 0.0056 0.8559 0.00138 1.62 0.9992

Fig. 8. Plot of log Kc vs. 1/T for MO adsorption on CDS.

Table 2
Thermodynamic parameters for adsorption of MO on CDS

Temperature (K)
ΔG˚
(kJ mol−1)

ΔH˚
(kJ mol−1)

ΔS˚
(J mol−1 K−1)

303 −8.66 −26.02 −57.28
313 −8.09
323 −7.52
333 −6.95
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is unfavorable to the progress of adsorption. The
entropy change (ΔS˚) was −57.28 J mol−1 K−1, the nega-
tive value of ΔS˚ reveals the decreased randomness at

the solid/solution interface during the adsorption
process. As the free energy changes are negative and
accompanied by negative enthalpy changes, the
adsorption reactions are spontaneous with a high
affinity.

3.6. Adsorption kinetics

For the pepseudo- first-order equation, a plot of
log (qe−qt) vs. t for sorption of MO is shown in
Fig. 9. The application of pseudo-second-order equa-
tion by plotting t/qt vs. t is shown Fig. 10. The
kinetic parameters together with correlation coeffi-
cients (R2) have been postulated from the slopes
and the intercepts of respective plots and are listed
in Table 3. It is important to note that for a
pseudo-first-order model, the correlation coefficient
is always less than 0.9093 which is indicative of a
bad correlation. In contrast, the correlation coeffi-
cients for the pseudo-second-order equation were
greater than 0.9902 for all concentrations, and the
theoretical qe values obtained from this model is
also closer to the experimental qe,exp values at differ-
ent initial MO concentrations. These results show
that the rate of adsorption conforms to pseudo sec-
ond-order kinetics. Similar results have been
observed in the adsorption of MO onto CS/alumina
composite [34].

3.7. Comparison with other adsorbents

Finally, a comparison of the maximum MO
adsorption capacity on the CDS and some other adsor-
bents is shown in Table 4. The result indicates the
maximum adsorption capacity obtained in this study
is higher compared with those obtained from many
other adsorbents reported in the literatures. The
mechanism of CDS adsorption MO may be as follows:
CS molecular structure of the active group; hydropho-
bic cyclodextrin cavity inclusion of MO effect; specific
surface area of the microspheres.

Fig. 9. Lagergren first-order kinetic plot for the sorption of
MO on CDS.

Fig. 10. Second-order kinetic plot for the sorption of MO
on CDS.

Table 3
Kinetic parameters for pseudo-first order and pseudo-second order

Pseudo-first-order Pseudo-second-order

C0 (mg L−1) qe,exp (mg g−1) K1 (min−1) qe1 (mg g−1) R2 K2 (g mg−1 min−1) qe2 (mg g−1) R2

50 19.21 0.00282 7.92 0.9093 0.0081 19.61 0.9902
100 39.15 0.00259 8.69 0.7687 0.0062 39.91 0.9997
200 78.60 0.00354 8.80 0.7859 0.0059 80.00 0.9992
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4. Conclusions

CS is a great potential adsorbent for wastewater
treatment. In this study, A novel CS microspheres
modified by β-cyclodextrin (CDS) has been prepared,
characterized and used for the adsorption of MO. The
MO adsorption behavior of the prepared CDS has
been studied under various conditions of different
solution pH values and adsorption contact time.
Adsorption equilibrium is attained within a contact
time of 120 min. Experimental isotherms of MO are
successfully fit to Freundlich isotherms models. The
values of ΔH˚, ΔS˚ and ΔG˚ prove that the adsorption
of MO on CDS is an exothermic and a spontaneous
process. The adsorption kinetics follows the pseudo-
second-order equation for different initial MO concen-
trations over the whole range studied. The study will
be useful for using the novel materials as a low-cost
adsorbent for the removal of MO from waste water.
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