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a b s t r a c t

In this study, quaternized chitosan microspheres (QCMS) were prepared and their adsorption per-
formance of Acid Red 18 from aqueous solution was studied. Equilibrium was attained within 120 
minutes and maximum removal of 94.06% was achieved. Langmuir and Freundlich isotherm models 
have been investigated. The maximum capacity obtained from the Langmuir model is 142.15 mg·g–1. 
Pseudo-first order and pseudo-second order kinetic models have been used for experimental data. 
The kinetic process was described by a pseudo-second-order rate equation very well. The calculated 
thermodynamic parameters (ΔH° = −12.67 kJ·mol−1; ΔG° = −4.67 to −5.61 kJ·mol−1 and ΔS° = −24.78 
K−1·mol−1) showed that the adsorption of Acid Red 18 is feasible, spontaneous and endothermic in 
nature. The results of the present study indicated that the QCMS could be considered as a potential 
adsorbent for Acid Red 18 in aqueous solutions.
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1. Introduction

Dyes are widely used in textiles, dyeing, printing, 
electroplating, leather tanning, plastics, cosmetics, rubber, 
and food industries [1]. Industrial wastewaters from these 
industries are usually strongly colored, which may interfere 
with light penetration affecting the photosynthetic action 
[2]. In addition, some of the dyes are a threat to both aquatic 
life and human beings due to their toxicity, carcinogensis 
and mutagenicity. Azo dyes, which are characterized by 
nitrogen to nitrogen double bond (-N=N-), are easy to syn-
thesize and have strong coloring ability. They are widely 
used in industries today because of its cost effectiveness 
compared to natural dyes. Azo dyes constitute 60–70% of 
synthetic dyes in the mentioned industries [3]. Azo dyes are 
difficult to be degraded because of the aromatic structure in 
the azo dye molecules. Therefore, how to effectively remove 

azo dyes from industrial wastewater has become extremely 
important to environmental safety [4–6]. In recent years, 
numerous methods have been developed to remove dyes 
from contaminated water, such as adsorption [7,8], bio-
logical degradation [9], photo-degradation [10], Fenton 
processes [11] electro-oxidation [12], reverse osmosis [13], 
ion exchange and so on [14]. However, most of these meth-
ods suffer from one or another limitation. Adsorption has 
proven to be as an effective, simple, and economically feasi-
ble method for removal of dyes from industrial wastewater. 

Chitosan is a natural weakly alkaline polymer that is 
obtained by alkaline deacetylation of chitin. Chitosan has a 
large number of active amino and hydroxyl groups on the 
molecular chain. In addition, chitosan is nontoxic, biode-
gradable, polyfunctional and regenerable. Because of these 
properties, chitosan has been recognized as a promising 
raw material for adsorption purposes [15]. Many research-
ers have used chitosan as an adsorbent to remove heavy 
metals and dyes from wastewater and achieved great suc-
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cess [16,17]. However, Chitosan can be dissolved and lost 
in the acid condition, which is a disadvantage in the practi-
cal adsorption process. Quaternized chitosan has a positive 
charge and adsorption ability in a wide range of pH. Rosa 
et al. have investigated the adsorption of reactive orange 
16 by cross-linked quaternized chitosan [18]. The results 
show that the adsorption process is independent on the pH 
value of the solution because it is the interaction of the sul-
fonate groups of active orange 16 with the polymer quater-
nary ammonium groups. Karthik [19] found that chitosan/
polypyrrole composite was an effective adsorbent for the 
removal of Cr(VI) from aqueous solution. Wu et al. have 
have prepared EDTA modified β-cyclodextrin/chitosan 
(CDCS-EDTA) and applied them to remove Pb(II) and 
anionic dye acid red 73 (AR) [20]. 

Based on the best of our knowledge, the use of quat-
ernized chitosan microspheres (QCMS) for removing Acid 
Red18 was not presented in the literature. Acid Red 18 
(AR18) was selected as the model adsorbate because it is 
widely used in the textile, paper and leather industries. 
In this study, the quaternized chitosan microspheres were 
prepared and tested for their potential ability to remove 
acid red 18 (AR18) from aqueous solution. Several operat-
ing parameters affecting the sorption process such as con-
tact time, temperature, pH and adsorbent dose were also 
studied. In addition, the observed data were analyzed by 
different kinetic and isotherm models. Thermodynamic 
parameters such as enthalpy change (ΔHº), free energy 
change (ΔGº),and entropy change (ΔSº) for sorption process 
were evaluated.

2. Materials and methods

2.1. Materials and analytical method

Chitosan (degree of deacetylation 85%) was purchased 
from Jinan Haidebei Marine Bioengineering Co. Ltd. The 
Acid Red 18 purchased from National Medicine Group 
Chemical Reagent Co., Ltd. was used as adsorbate in the 
tests. All of the other reagents were used as received from 
the suppliers without any further purification. An aqueous 
stock solution of Acid Red 18 was prepared by dissolving 
a specified amount of Acid Red 18 in 1000 mL of deionized 
water, and subsequently diluted to other working solutions 
with different concentration. The concentration of the AR18 
solution was measured by using a UV-Visible spectro-pho-
tometer (Shimadzu UV 1601) at its maximum absorption 
wavelength of 506 nm [21].

The Acid Red 18 adsorbed per unit mass of adsorbent, qe 
and qt were calculated by using the following mass balance 
equation:
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where qt is the amount of Acid Red 18 adsorbed at time t 
(mg g–1), and qe is the amount of Acid Red 18 adsorbed at 
equilibrium (mg g–1). C0 is an initial concentration of Acid 
Red 18 (mg L–1), Ce is the equilibrium concentration of Acid 

Red 18 (mg L–1). V is the solution volume (L), and W is the 
amount of the adsorbent (g). 

2.2. Preparation of adsorbents

5.0 g chitosan powders were dissolved in thoroughly 
100 mL of 2% (W/V) acetic acid under stirring at room 
temperature, and then 0.03 g of PEG 2000 was added and 
stirred to produce a large number of small bubbles. Sub-
sequently, the mixture was added with a syringe in the 
dispersion medium, consisting of 160 mL of paraffin oil 
and 3.0 mL of Span 80, under stirring condition. Then, 
6.7 mL of formaldehyde was added and the solution 
was stirred for another 1 h to protect the amino group. 
After 1 h of stirring, the mixture was poured into 200 mL 
NaOH ethanol solution (10% NaOH/95% ethanol, vol/
vol, 1:1) and stirred for 2 h. The products were collected 
by suction filtered carefully and washed thoroughly 
with petroleum ether and ethanol. The obtained chitosan 
microspheres were transferred into a three-necked flask 
with 0.4 mol·L−1 NaOH solution. Next, an aqueous solu-
tion of 3-chloro-2-hydroxypropyltrimethyl ammonium 
chloride (CHPTAC) was added to the reaction mixture. 
The mixture was stirred for 8 h at 60°C to allow for the 
crosslinking reaction to occur. The products were washed 
using distilled water and suspended in 0.5 M HCl for 12 
h to remove the protective group. Subsequently, the prod-
ucts were filtered and dried in vacuum at 45°C to produce 
quaternized chitosan microspheres. 

2.3. Characterization of the adsorbents

The Scanning electron microscopic (SEM) of the QCMS 
was carried out using scanning electron microscopy (Hita-
chi S-3500N, Hitachi company, JPN). The Fourier transform 
infrared (FTIR) spectra of the chitosan, QCMS before and 
after the adsorption were recorded on a FTIR Spectrometer 
(Nexus 470, Thermo Nicolet,USA) using KBr pellets over 
the rang 4000–400 cm−1. XRD patterns of the chitosan and 
QCMS were obtained by an X-ray diffractometer (XRD-
7000, Shimadzu, Shimadzu Corporation, Kyoto, Japan).

2.4. Adsorption experiments

Batch adsorption experiments were done by varying 
contact time, pH , adsorbent dose,temperature, and adsor-
bate concentration. The pH effect on adsorption was deter-
mined by using 0.05 g of quaternized chitosan microspheres, 
100 mL of 150 mg L−1 Acid Red 18 solution, at temperature 
of 25± 1°C and various pH values ranging from 1 to 12. 0.1 
M HCl and NaOH solutions were used to adjust the pH 
over the range 1.0–12. The mixture was shaken for 2 h, and 
the solution was filtered and analysed. For optimization of 
contact time, the contact time was varied between 10 and 
120 min, keeping all the remaining variables constant. The 
effect of adsorbent dosage on dye removal was investigated 
by adding 0.02–0.14 g of adsorbent into 100 mL solution of 
Acid Red 18 with a concentration of 50 mg L−1 . 

Adsorption at equilibrium was performed by adding 
0.05 g of quaternized chitosan microspheres into 100 mL 
of Acid Red 18 solution with varying initial concentrations 
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from 50 mg/L to 250 mg/L, and shaken at 20°C for 2 h. 
The kinetic experiments were conducted by using 0.05 g of 
quaternized chitosan microspheres and Acid Red 18 dye 
solution with various concentrations whereas contact time 
was varied from 10 to 120 min at room temperature. Finally, 
The adsorption thermodynamics were studied at 20–50°C 
by using a 100 mL dye solution (150 mg/L) and 0.05 g of 
adsorbent dosage at pH 7.0 for 2 h.

3. Results and discussion

3.1. Sorbent characterization 

Fig. 1 shows a general SEM micrograph of the QCMS, 
and it can clearly be seen that the QCMS are well shaped 
spheres. The QCMS have the diameter size range of 1 μm–5 
μm. Fig. 2 shows the FT-IR spectra of chitosan, the QCMS 
and after QCMS adsorption. In chitosan obvious transloca-
tions are observed at 3500–3200 cm−1 due to O–H and N–H 
group. The peak at 2928 cm–1 and 2878 cm–1 was attributed to 
the stretching vibration of –CH3 and –CH2 group. The peak 
at 1595 cm–1 is the N–H2 deformation vibration of amino 
groups. Compared to chitosan, the peak at 1595 cm–1 disap-
pears in the QCMS. The peak at 1573 m−1 is the N–H2 defor-
mation vibration of amino groups. The peak at 1474 cm−1 
is assigned to asymmetric CH stretching vibration of qua-
ternary ammonium salts. The peak at 971 cm−1 is assigned 
to absorption peak of quaternary ammonium salt [22]. The 
above analyses indicated that the adsorbent (QCMS) had 
been successfully prepared. In the FT-IR spectra of the 
QCMS loaded with Acid Red 18, new peaks appearing at 
1210 cm–1 and 1459 cm–1 were attributed to the SO3 of dye 
and the ring of dye. These peaks confirmed the attachment 
of Acid Red 18 on the QCMS.

Fig. 3 indicates the XRD patterns of chitosan and the 
QCMS. It can be seen from Fig. 3 that chitosan has two dis-
tinct diffraction peaks 2θ = 12°and 2θ = 20.8°. Compared 
with chitosan, the diffraction peak of the QCMS is flat 
and wide, which indicates that the structurally of QCMS 
destroys a large number of hydrogen bonds in its molec-
ular structure, which makes the crystal structure from ste-
reotyped to amorphous, and the crystallinity decreases. The 
BET surface area was 4.45 m2/g. Average pore width was 
measured 0.5 μm. Volume of pores were 0.0186 cm3/g.

3.2 Effect of contact time

Fig. 4 demonstrates the effect of contact time on the 
adsorption of Acid Red 18. Where it can be seen intui-
tively that adsorption of Acid Red 18 increases sharply 

  
Fig. 1. SEM images of the QCMS.

Fig. 2. FTIR spectra of chitosan (a), the QCMS (b) and the QCMS 
loaded with Acid Red 18 (c).

Fig. 3. X-ray diffraction patterns of chitosan and the QCMS.
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with time in the first 60 min. Thereafter, the percentage 
removal of Acid Red 18 increases slowly with the prolon-
gation of contact time. This behavior can be attributed 
to the abundant availability of active binding sites for 
adsorption in the initial stage. Then, with gradual occu-
pancy of these sites, the available sites become fewer in 
the later stages. Observed removal efficiency was 94.06% 
at 120 min. The adsorption reached equilibrium in about 
120 min. The removal efficiency after 120 min became 
almost constant. Thus, this value was selected as the opti-
mum contact time.

3.3. Effect of pH

The effect of the initial solution pH (1.0–12.0) on removal 
of Acid Red 18 from aqueous solution is shown in Fig. 5. 
Accordingly, the percentage of dye removal is maintained 
at a high level in the range of pH from 1 to 10, and the 
value is higher than 82%. The maximum percent removal 
was obtained at pH 8.4. Above a pH of 9, the percentage 
of dye removal began to decrease. The Acid Red 18 were 
negatively charged even in highly acid solutions due to the 
N=N bonds and sulfonic groups [23].

The main reasons may be as follows: At pH < 9, there 
are electrostatic attractions between the anionic dye and the 
functional groups of quaternized chitosan microspheres. At 
pH < 10, abundant presence of hydroxyl ions can compete 
with the dye for adsorption sites. 

3.4 Effect of adsorbent dosage

The effect of adsorbent dosage on the removal of Acid 
Red 18 is presented in Fig. 6. As clearly shown from Fig. 
6, the removal percentage of Acid Red 18 increased signifi-
cantly with the increase in adsorbent dosage until a certain 
value was reached. This can be attributed to the availability 
of larger surface area and more adsorption sites. Above this 
value, the removal efficiency remained constant even if the 
quaternized chitosan microspheres were added. This may 
be due to the saturation of the available active sites of the 
adsorbent.

3.5. The adsorption isotherm

To investigate the sorption isotherms, the two most com-
mon models, Langmuir and Freundlich isotherm equations 
[24,25] were applied to understand the adsorption data.

The linearised forms of isotherm equations are expressed 
as the following:

Langmuir:

C
q

C
Q Q b

e

e

e

o o
= +

1  (3)

Freundlich:

log log logq K
n

Ce e= +
1

 (4)

where Q0 and b are the Langmuir constants related to the 
sorption capacity and the rate of adsorption, respectively. 
Ce is the equilibrium liquid phase concentration (mg L–1), 
and qe is the amount of sorbent adsorbed per unit weight 
(mg g–1); K and n are Freundlich equilibrium coefficients 

Fig. 4. Effect of contact time on Acid Red 18 removal. Fig. 5. Influence of initial pH on Acid Red 18 removal.

Fig. 6. Dependence of Acid Red 18 adsorption on the amount of 
adsorbent.
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related to the adsorption capacity and the heterogeneity 
factor .

The favorable or unfavorable of the adsorption system 
can be determined based on a dimensionless equilibrium 
parameter, RL [26], which is given by the following equation:

R
bCL =

+
1

01
 (5)

where C0 (mg L–1) is the initial Acid Red 18 concentration, 
and b (L mg–1) is the Langmuir constant. 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 adsorption, while the adsorption operation is irre-
versible if RL = 0.

The curves related to the Langmuir and Freundlich mod-
els are shown in Figs. 7, 8, respectively. Isotherm parameters 
of the both models along with the regression coefficients are 
reported in Table 1. The adsorption isotherm data of Acid 
Red 18 on this adsorbent are best fitted to Langmuir iso-
therm and Freundlich model. The regression coefficient of 
Freundlich model is 0.9972. The values of the constants K 
and n were calculated to be 21.64 and 1.18 respectively. In 
all cases, the value of n between 1 and 10 shows beneficial 
adsorption, while the relatively low K value suggests that 
a lesser number of active sites are available. The regres-
sion coefficient of Langmuir model is 0.9981. Q0 and b were 
determined to be 142.15 (mg g–1) and 0.12 (L mg–1), respec-
tively. For comparative purposes, the absorbability of Acid 
Red 18 onto different adsorbents is also listed in Table 2. The 
results show that the QCMS possesses a large adsorption 
capacity in comparison with other sorbents.

RL values at different initial dye concentrations are 
0.032, 0.039, 0.052, 0.076 and 0.142. These values are much 
less than 1 and very close to 0. Therefore, the sorption pro-
cess is very favorable and the adsorbent employed exhibits 
a good potential for the removal of Acid Red 18 from aque-
ous solution [27]. 

3.6. Thermodynamic parameters

Thermodynamic parameters including the changes in 
entropy (ΔSº), enthalpy (ΔHº) and free energy (ΔGº) were 
calculated by using the following equations [28,29]: 

Kc
C
C

Ae

e
=  (6)

ln K
H

RT
S
Rc = −

°
+

°Δ Δ   (7)

Δ Δ ΔG H T S° = ° − °   (8)

where Kc is the adsorption equilibrium constant, Ce is 
the equilibrium concentration (mg L–1) of Acid Red 18 in 
the solution, and CAe is the amount of Acid Red 18 (mg) 
adsorbed on the adsorbent per liter of the solution at equi-
librium. R is the universal gas constant (8.314 J/mol K), and 
T is the absolute temperature (in Kelvin). 

The values of ΔH° and ΔS° were determined from the 
slope and intercept by plotting a graph of log Kc versus 1/T 

Fig. 7. Langmuir adsorption isotherm for Acid Red 18 adsorp-
tion on QCMS.

Fig. 8. Freundlich adsorption isotherm for Acid Red 18 adsorp-
tion on QCMS.

Table 1
Parameters of the Langmuir and Freundlich isotherm models

T (K) Langmuir Freundlich

Q0  
(mg g–1)

b  
(L mg–1)

R2 K  

(mg g–1) (L mg–1)1/n
n R2

293 142.15 0.12 0.9981 21.64 1.18 0.9972

Table 2
The adsorptive capacities of various adsorbents for Acid Red 18

Adsorbent Q0  
(mg g−1)

pH Reference

Modified magnetite nanoparticles 
Modified biochars  
AC prepared from walnut woods 
Polyaniline-modified rice husk 
Bentonite based composite adsorbent 
QCMS

73.46 
134.17 
30.30 
100.00 
69.80 
142.15

3.0 
6.6 
5.0 
3.0 
– 
8.4

[34] 
[35] 
[36] 
[37] 
[38] 
This work
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(Fig. 9). The obtained values are listed in Table 3. The nega-
tive values of the Gibbs-free energy change are acquired at 
all temperatures, which indicate that the adsorption process 
is spontaneous. The negative value of ΔH° (–12.67 kJ mol–1) 
is due to the exothermic nature of adsorption of Acid Red 18 
on the quaternized chitosan microspheres. In other words, 
the high temperature is unfavorable to the progress of 
adsorption. The entropy change (ΔS°) is –-24.78 J·mol–1·K–1, 
the negative value of ΔS° reveals the decreased randomness 
during the removal of Acid Red 18 dye on quaternized chi-
tosan microspheres [30,31]. 

The values of enthalpy change can give some insight 
into the bonding mechanism. In general, the enthalpy 
change of physical adsorption is less than that of chemi-
cal adsorption. The magnitude of the ΔH° value lies in the 
range of 20–40 kJ·mol–1 and 80–400 kJ·mol–1 for physical and 
chemical adsorptions, respectively. The change of enthalpy 
indicated that the adsorption process is essentially physical 
adsorption.

3.7. Adsorption kinetics

Two well-known kinetic models were used to exam-
ine the mechanism of the adsorption process: Lagergren 
pseudo-first-order and Ho pseudo-second-order equations 
[32,33]. 

Lagergren pseudo-first-order: 

l g( ) l g( )
.

o q q o q
k

te t e− = − 1

2 303
  (9)

Ho pseudo-second-order: 

t
q k q q

t
t e e

= +
1 1

2
2

  (10)

where qt and qe are the amount of Acid Red 18 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 Ho pseu-
do-second-order rate constants. 

For the pepseudo- first-order equation, a plot of log (qe 
− qt) vs. t for sorption of Acid Red 18 is shown in Fig. 10. 
The application of pseudo-second-order equation by plot-
ting t/qt vs. t is shown Fig. 11. The kinetic constants and 
correlation coefficients R2 for the models are listed in Table 
4. Based on the correlation coefficients R2, the experimental 
data fit to the pseudo-second-order model (R2 > 0.99) better 
than to the pseudo-first-order model. Similar results have 
been observed in the adsorption of reactive orange 16 onto 
quaternary chitosan [18].

Fig. 9. Plot of log Kc vs. 1/T for Acid Red 18 adsorption on QCMS.

Fig. 10. Lagergren first-order kinetic plot for the sorption of Acid 
Red 18 on QCMS.

Fig. 11. Second-order kinetic plot for the sorption of Acid Red 
18 on QCMS.

Table 3
Thermodynamic parameters for adsorption of Acid Red 18 on 
QCMS

Temperature (K) ΔGO  
(kJ·mol–1)

ΔHO 

(kJ·mol–1)
ΔSO 

(J·mol–1·K–1)

293 
303 
313  
323

–5.41 
–5.16 
–4.91 
–4.67

–12.67 –24.78
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3.8. Desorption and reusability

The recycling performance of the adsorbent is critical in 
the dye wastewater treatment process. In this study, 0.1 mol 
L–1 NaOH was used for the desorption of Acid Red 18. The 
cyclic regeneration performance of QCMS for the Acid Red 
18 is shown in Fig. 12. It can be seen from Fig. 11 that after 
five cycles of regeneration, the removal rate of the dye by 
the adsorbent can still be maintained above 85%. Therefore, 
QCMS has good adsorption performance and high chemi-
cal stability.

4. Conclusions

Chitosan has excellent properties for wastewater treat-
ment. In this study, the quaternized chitosan microspheres 
were successfully prepared, characterized and used to 
remove Acid Red 18. Adsorption equilibrium was attained 
within a contact time of 120 min. It was found that the qua-
ternized chitosan microspheres efficiently removed Acid 
Red 18 in a range of pH of 1–10, this being an advantage for 
practical applications. The optimum pH value was found to 
be 8.4. Experimental isotherms of Acid Red 18 were success-
fully fit to the Langmuir and Freundlich models, with good 
correlation coefficients. Value of Q0 was obtained as 142.15 
mg g−1 at 20°C. The values of ΔH° and ΔG°confirmed the 
exothermic and spontaneous character of adsorption pro-

cess. The kinetic data of Acid Red 18 were best described 
by pseudo-second-order model. The quaternized chitosan 
microspheres proved to be effective for Acid Red 18 remov-
als, thus having a strong potential for application in the 
treatment of effluents.
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