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ABSTRACT

The capability of chitosan to adsorb the basic dyestuffs is very low. For this purpose, chitosan
was modified to increase its adsorption capability with some cyclic acid anhydrides in
dimethyl sulfoxide. Then, chitosan and its derivatives, chitosan modified with maleic anhy-
dride (CMA), chitosan modified with phthalic anhydride (CPA), and chitosan modified with
trimellitic anhydride (CTA), were compared according to their capabilities to remove brilliant
green (BG) and methylene blue (MB) from aqueous solution. It was determined that CTA
adsorbed much more BG and MB. The 70.57% of BG (Co: 50 ppm) and 71.86% of MB (Co:
50 ppm) in the samples of 50mL by 0.1 g CTA were adsorbed at room temperature and at a
shaking rate of 140 rpm within 24 h. As a result of this, the adsorption of BG and MB by CTA
was kinetically investigated as dependent on temperature and pH. Besides, the adsorption
isotherms of each dyestuff by CTA were determined at different temperatures. Then, some
kinetical and thermodynamical parametres were calculated by using experimental data.
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1. Introduction

Many industries, particularly textile, paper, rubber,
plastic, leather, cosmetic, food, and drug industries,
use dyestuffs to make colorful their products. It was
reported that there are about 100,000 different com-
mercial dyestuffs and pigments, and over 7� 105 tons
of these are produced annually worldwide [1]. Dye-
stuffs can be classified as anionic (direct, acid, and
reactive dyestuffs), cationic (basic dyestuffs), and non-
ionic (disperse dyestuffs) [2]. Dyestuff wastewater dis-
charged by various industries, particularly by textile
industry, presents certain hazards. From environmen-
tal viewpoint, the removal of dyestuffs from wastewa-

ter is a great mission since some dyestuffs or their
metabolites may be toxic, carcinogenic, mutagenic,
and teratogenic [3,4]. It was reported that cationic
dyestuffs are more toxic than anionic dyestuffs [5].
The removal of dyestuffs from wastewater before
discharging to environment is necessary for the
protection of health and environment.

Some techniques used in the treatment of wastewa-
ters containing dyestuff are flocculation, coagulation,
precipitation, adsorption, membrane filtration, electro-
chemical techniques, ozonation, fungal decolorization,
and photocatalytic decolorization [6,7]. The advantages
and disadvantages of some important techniques are
given in [8,9]. Among these techniques, the adsorption
technique is one of the most efficient techniques of
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removing dyestuffs from wastewater. Also, the adsorp-
tion technique provides an attractive alternative treat-
ment, especially if the adsorbent is inexpensive and
readily available. Granular activated carbon is the most
popular adsorbent and has been used with great suc-
cess [10], but it is expensive. Consequently, many inves-
tigators have studied the feasibility of using low-cost
substances such as plum kernels [11], chitin [12], chito-
san [13], perlite [14], natural clay [15–17], bagasse pith
[18–20], coal fly ash [21], boiler bottom ash [22], and
bagasse fly ash [23–25] as adsorbent for the removal of
dyestuffs from wastewater. The advantages and disad-
vantages of some important adsorbents are given in [9].
However, new adsorbents, which remove better the
dyestuffs from effluent, like new methods are also still
under investigation.

Chitin, which is a linear polysaccharide of b-(1-4)-
2-acetamido-2-deoxy-D-glucose, is produced from

crustacean shells such as prawns, crabs, krill, insects,
and shrimps and is the second most abundant
biopolymer after cellulose. Chitosan is obtained from
chitin by a deacetylation process. The molecular
structure of chitosan is shown in (Fig. 1(a)). Chitosan
has been reported to have high potential for the
adsorption of metal ions [26–28], dyes [29–31], and
proteins [32,33]. In addition, chitosan has also many
potential applications including the applications in
agricultural, food, industrial, and medical fields such
as biomedicine, pharmacology, and biotechnology due
to its biological activities including biocompatibility,
biodegradability, non-toxicity, and bactericidal or bac-
teriostatic activities [34]. The effect of pH is an impor-
tant factor on the dye-binding capacity of chitosan
because the pKa value of the amino group (R–NH2) in
the structure of chitosan is 6.3, and the amino group
dissociates partly into R–NHþ

3 even at pH=6.9 [35].
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Fig. 1. The molecular structures of: (a) chitosan, (b) maleic anhydride, (c) phthalic anhydride, (d) trimellitic anhydride, (e)
BG, and (f) MB.
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Basic dyestuffs are cationic. An important change
in the structure of chitosan does not occur when it is
introduced into the solutions of basic dyestuffs. Due
to this reason, chitosan is not a good adsorbent for the
adsorption of basic dyestuffs [29]. The aim of the pres-
ent study was to increase its capability to adsorb the
basic dyestuffs by modifying with maleic anhydride
(Fig. 1(b)), phthalic anhydride (Fig. 1(c)), and trimellit-
ic anhydride (Fig. 1(d)). In addition, another aim of
the present study was also to compare these modified
chitosans according to their capabilities to adsorb bril-
liant green (BG) (Fig. 1(e)) and methylene blue (MB)
(Fig. 1(f)) and to investigate the effect of temperature
and pH on the adsorption of BG and MB from aque-
ous solution by modified chitosan which adsorbs
more of these dyestuffs. BG and MB are basic
dyestuffs and are known to be highly toxic and
carcinogenic [9,36,37]. Due to these reasons, the
removal of these dyestuffs from wastewater is neces-
sary and indispensable.

2. Materials and methods

2.1. Materials

In this study, chitosan (Sigma C 3646, Germany)
was modified with maleic anhydride (Aldrich, Ger-
many), phthalic anhydride (Aldrich, Germany), and
trimellitic anhydride (Aldrich, Germany). Some
important properties of chitosan used in modification

are given in [31]. Dimethyl sulfoxide (Aldrich,
Germany), acetic acid (Riedel-de Haën, Germany),
acetone (Riedel-de Haën, Germany), and ethanol
(Sigma-Aldrich, Germany) were used in modification.
BG (Fluka, Switzerland) and MB (Merck, Germany)
were used as adsorbate. Na2HPO4 (Riedel-de Haën,
Germany), NaH2PO4 (Riedel-de Haën, Germany), NH3

(Merck, Germany), NH4Cl (Merck, Germany), and
HCl (Merck, Germany) were used for buffer solution.
NaOH (Merck, Germany) was used for both modifica-
tion and buffer solution.

2.2. Modification of chitosan

The 10 g of chitosan with 100mL of NaOH (20%)
were mixed for 12 h. The mixture was filtered and the
precipitate was added into 200mL dimethyl sulfoxide.
Then, 10 g of cyclic acid anhydride was added into the
mixture at room temperature with stirring. The mix-
ture in flask was heated in oil bath at 60˚C for 7 h.
Then, the mixture was poured into a beaker of 250mL
and its pH was adjusted to 7.0 with the addition of
0.1M acetic acid with stirring. The mixture was filtered
and the precipitate was dissolved in distilled water.
Then, the mixture was filtered and the precipitate was
purified by acetone. Lastly, the mixture was filtered
and the product was washed with ethanol (70%) and
anhydrous alcohol and was dried (Scheme 1). This
process was done eight times and the products
obtained were blended.
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Scheme 1. Route of the synthesis of modified chitosan.

Table 1
Results related to the percent adsorption of BG (Co: 50 ppm) and MB (Co: 50 ppm) from aqueous solution by chitosan,
CMA, CPA, and CTA

BG% MB%

Chitosan CMA CPA CTA Chitosan CMA CPA CTA

9.82 19.91 41.07 70.57 41.65 38.24 43.38 71.86
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Fig. 2. Effect of temperature on the adsorption of: (a) BG and (b) MB from aqueous solution by CTA.
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2.3. Comparison of chitosan and modified chitosans

Chitosan, chitosan modified with maleic anhydride
(CMA), chitosan modified with phthalic anhydride
(CPA) and chitosan modified with trimellitic anhy-
dride (CTA) were compared according to their capa-
bilities to adsorb BG and MB. For this aim, the
samples of 0.1 g of adsorbents with the samples of
50mL of BG (Co: 50 ppm) and MB (Co: 50 ppm) were
individually shaked at room temperature and at a
shaking rate of 140 rpm for 24 h.

2.4. Kinetic studies

Kinetic experiments related to the effect of tem-
perature on the adsorption of BG and MB from
aqueous solution by CTA were performed at natural
pHs (4.88 for BG and 6.20 for MB) of solutions.
Acid, base, or buffer solution was not added into
the solutions of adsorbates. The samples of 0.1 g of
CTA with the samples of 50mL of each dyestuff
(Co: 50 ppm for BG and Co: 50 ppm for MB) were
shaken with a shaker (J.P. SELECTA, S.A., SPAIN)
at different time intervals. Absorbance values with a
SHIMADZU UV-120-02 spectrophotometer were
measured at kmax = 632 nm for BG and kmax = 669 nm
for MB.

The effect of pH on the adsorption of BG and MB
from aqueous solution by CTA was similarly investi-
gated. The pHs of BG solutions were precisely
adjusted to 4.35, 4.56, and 4.88 by using 0.1M HCl,
respectively. As for the pHs of MB solutions were
roughly adjusted by using NaH2PO4/Na2HPO4 and
NH3/NH4Cl buffer solutions, and then they were pre-
cisely adjusted to 6.0, 7.0, and 8.0, respectively, by
using either 0.1M HCl or 0.1M NaOH. Detailed
kinetic study related to the effect of pH on the adsorp-
tion of BG by CTA could not be done because the
color of BG solution was being darkened when acid
or acidic buffer solution was added, and it was being
cleared when base or basic buffer solution was added.
Due to these reasons, the effect of pH on the adsorp-
tion of BG by CTA was studied in a narrow pH range
and as single point.

2.5. Isotherm study

Firstly, the adsorption isotherm of each dyestuff at
298K was determined. For this purpose, the samples of
0.1 g of CTA with the samples of 50mL of solutions
having different initial concentrations (Co) prepared
from the stock solutions of each dyestuff were shaken
for their equilibrium contact times at 298K and
140 rpm. After this shaking, the absorbance values of
solutions remaining without adsorption were mea-
sured. Then, the adsorption isotherms of each dyestuff
were determined at 313 and 328K at the same shaking
rate.

3. Results and discussion

3.1. Results of percent adsorption

Results related to the percent adsorption of BG
and MB from aqueous solution by chitosan, CMA,
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Fig. 4. Effect of pH on the adsorption of: (a) BG and (b)
MB from aqueous solution by CTA.
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CPA, and CTA are given in Table 1. Both BG and MB
by CTA are much more adsorbed at room tempera-
ture.

3.2. Effect of temperature and pH

BG by CTA is more adsorbed at 313K according to
other temperatures, whereas MB by CTA is more
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Fig. 5. Plots of the pseudo-first-order model of kinetic curves related to the adsorption of: (a) BG and (b) MB from
aqueous solution by CTA.
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Fig. 6. Plots of the pseudo-second-order model of kinetic curves related to the adsorption of: (a) BG and (b) MB from
aqueous solution by CTA.
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adsorbed at 298K according to other temperatures
(Fig. 2). The effect of temperature on the adsorption of
BG by CTA is interesting because the amount of BG
adsorbed at 313K is more than the amounts of BG
adsorbed at 298 and 328K. At the first look this situa-
tion can be explained with neither physical adsorption
nor chemical adsorption. This result was understood
after adsorption isotherms were determined. This situ-
ation is explained in isotherm section. MB is more
adsorbed on CTA at lower temperature. This result
shows that the adsorption between MB and CTA is a
physical adsorption. FTIR spectrum in Fig. 3 confirms
this result because the FTIR spectra of CTA and CTA
adsorbed MB are similar. Namely, there is not an
important peak related to chemical interaction in the
FTIR spectrum of CTA adsorbed MB.

The amounts of BG and MB adsorbed on CTA
decreased when pH decreased (Fig. 4). BG and MB
are cationic dyestuffs. The number of CTA particles
having positively charged amino group increases
while pH decreases. Thus, more electrostatical repul-
sion at lower pHs occurs between cationic BG and MB
dyestuffs with positively charged CTA particle, and as
a result the amount of BG and MB adsorbed on CTA
decreased when pH decreased.

3.3. Adsorption kinetics

Kinetical data related to the effect of temperature
were analyzed by using the pseudo-first-order Eq. (1)
[38], the pseudo-second-order Eq. (2) [39], and the
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Fig. 7. Plots of the intraparticle diffusion model of kinetic curves related to the adsorption of: (a) BG and (b) MB from
aqueous solution by CTA.

Table 2
The pseudo-first-order rate constants (k1), the pseudo-second-order rate constants (k2), and the intraparticle diffusion rate
constants (kp) related to the adsorption of BG and MB from aqueous solution by CTA

T (K) BG MB

k1 r2 k2� 103 r2 kp r2 k1 r2 k2� 102 r2 kp r2

(min�1) (gmg�1min�1) (mg g�1min�1/2) (min�1) (gmg�1min�1) (mgg�1min�1/2)

298 – – 7.41 0.9846 3.67 0.9089 – – 3.64 0.9996 – –

313 – – 4.94 0.9989 2.22 0.9675 – – 7.59 0.9999 – –

328 – – 0.45 0.9795 3.03 0.9557 – – 35.38 0.9997 – –
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intraparticle diffusion Eq. (3) [40] rate equations
(Figs. 5–7). Constants k2 and kp related to the adsorp-
tion of BG by CTA from Figs. 6 and 7 and constants
k2 related to the adsorption of MB by CTA from Fig. 6

logðqe � qÞ ¼ log qe � k1
2:303

t ð1Þ

t

q
¼ 1

k2q2e
þ t

qe
ð2Þ

q ¼ kpt
1
2 ð3Þ

log k2 ¼ logA� Ea

2:303R

1

T
ð4Þ

were calculated, respectively (Table 2). Constants k1
related to the adsorption of BG because of linearity
was not obtained in Fig. 5 and constants k1 and kp
related to the adsorption of MB because of linearity
was not obtained in Figs. 5 and 7 could not be calcu-
lated. It was seen that kinetical data related to the
adsorption of BG and MB fitted the pseudo-second-
order rate equation. As can be seen from k2 constants,
BG is adsorbed faster at lower temperature, whereas
MB is adsorbed faster at higher temperature. Con-
stants k2 related to the adsorption of MB by CTA were
applied to Eq. (4) [41] and the activation energy (Ea)
from Fig. 8 was calculated as �62.1 kJmol�1. The Ea

related to the adsorption of BG by CTA could not be
calculated because k2 constants were decreased with
temperature.
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Fig. 8. Plot of log k2 vs. 1=T related to the adsorption of
MB from aqueous solution by CTA.
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H. Karaer and _I: Uzun / Desalination and Water Treatment 51 (2013) 2294–2305 2301



3.4. Adsorption isotherms

Fig. 9 shows the isotherms related to the adsorp-
tion of BG and MB from aqueous solution by CTA.
Adsorption isotherm at 298K related to BG fitted
Langmuir adsorption isotherm Eq. (5) [42], whereas
adsorption isotherms at 313 and 328K related to BG

qe ¼ qm
bCe

1þ bCe

ð5Þ

Ce

qe
¼ 1

qmb
þ Ce

qm
ð6Þ

DG ¼ �RT ln b ð7Þ

fitted S-b adsorption isotherm according to isotherm
classification proposed by Giles et al. [43]. Langmuir
adsorption isotherm fits physical adsorption with
monolayer, whereas S-b adsorption isotherm fits phys-
ical adsorption with multilayer. BG is more adsorbed
at 313K due to its adsorption isotherm changed with
temperature. Isothermal data related to the adsorption
of BG by CTA at 298K were applied to Langmuir
linear adsorption isotherm (Eq. (6)) (Fig. 10) and the
isotherm constants are calculated (Table 3). Then,
constant b in Table 3 related to the adsorption of BG
by CTA at 298K was applied to Eq. (7) [41] and Gibbs
free energy change ðDGÞ was calculated as
�8.04 kJmol�1. This result shows that the adsorption
of BG on CTA at 298K is spontaneous.

Adsorption isotherms related to MB fitted Freund-
lich adsorption isotherm (Eq. (8)) [44]. As it is known,
adsoption isotherm fits Freundlich adsorption iso-
therm when adsorbent surface is heterogenous. This
result indicates that CTA surface shows a heteroge-
nous structure for the adsorption of MB. Isothermal
data related to the adsorption of MB by CTA were

qe ¼ kC1=n
e ð8Þ

log qe ¼ log kþ 1

n
logCe ð9Þ

applied to Freundlich linear adsorption isotherm (Eq.
(9)) (Fig. 11) and the isotherm constants are calculated
(Table 3).
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Fig. 10. Langmuir linear plot related to the adsorption
isotherm of BG at 298K from aqueous solution by CTA.

Table 3
Isotherm constants related to the adsorption of BG and
MB from aqueous solution by CTA

T (K) BG MB

qm (mgg�1) b (Lmg�1) r2 k (L g�1) n (�) r2

298 10.91 25.69 0.9973 0.46 1.06 0.9936

313 – – – 0.21 1.50 0.9807

328 – – – 0.05 1.36 0.9915
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Fig. 11. Freundlich linear plots related to the adsorption
isotherms of MB from aqueous solution by CTA.
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3.5. SEM analysis

Fig. 12 shows the SEM micrographs of CTA, CTA
adsorbed BG, and CTA adsorbed MB taken with a

JEOL JSM-6335F field emission instrument. As it can
be seen from Fig. 12(a), CTA has a heterogenous sur-
face and macropores. The BET surface area (S) and

Fig. 12. The SEM micrographs of: (a) CTA, (b) CTA adsorbed BG, and (c) CTA adsorbed MB.
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pore volume (Vp) of CTA were measured as 1.728
m2 g�1 and 0.003 cc g�1, respectively, with a NOVA
4000e surface area and pore size analyzer. The BET
surface area value confirms that CTA has macropores.
CTA has became the owner of a more in order surface
after it adsorbed BG and MB (Fig. 12(b,c)). This result
shows that BG and MB have been physically adsorbed
on CTA.

4. Conclusion

Results related to the percent adsorption of BG
and MB from aqueous solution by chitosan, CMA,
CPA, and CTA show that both BG and MB by CTA
are more adsorbed at room temperature. BG at 313K
and MB at 298K by CTA are more adsorbed. The
amounts of BG and MB adsorbed on CTA decreased
when pH decreased. It was seen that kinetical data
related to the adsorption of BG and MB fitted the
pseudo-second-order rate equation. As can be seen
from k2 constants, BG is adsorbed faster at lower tem-
perature, whereas MB is adsorbed faster at higher
temperature. Ea related to the adsorption of MB by
CTA was calculated as �62.1 kJmol�1. Adsorption iso-
therm at 298K related to BG fitted Langmuir adsorp-
tion isotherm, whereas adsorption isotherms at 313K
and 328K related to BG fitted S-b adsorption isotherm
according to isotherm classification proposed by Giles
et al. �G value (�8.04 kJmol�1) shows that the
adsorption of BG on CTA is spontaneous at 298K.
Adsorption isotherms related to MB fitted Freundlich
adsorption isotherm.

Symbols

A –– Arrhenius constant

b –– Langmuir constant related to adsorption energy,
Lmg�1

C –– concentration of adsorbate at time t, ppm

Ca –– adsorbed concentration of adsorbate, ppm

Ce –– equilibrium concentration of adsorbate, ppm

Co –– initial concentration of adsorbate, ppm

Ea –– activation energy, kJmol�1

k –– Freundlich constant related to the capacity of
adsorbent to adsorb, L g�1

k1 –– the pseudo-first-order rate constant, min�1

k2 –– the pseudo-second-order rate constant,
gmg�1min�1

kp –– the intraparticle diffusion rate constant,
mgg�1min�1/2

n –– Freundlich constant related to the tendency of the
adsorbate to be adsorbed, �

q –– amount of adsorbate adsorbed at time t, mg g�1

qe –– amount of adsorbate adsorbed at equilibrium,
mgg�1

qm –– Langmuir constant related to the adsorption
capacity of adsorbent, mmol g�1

r –– correlation coefficient

R –– universal gas constant, Jmol�1K�1

S –– BET surface area, m2 g�1

T –– absolute temperature, K

t –– time, min

Vp –– pore volume, cc g�1

DG –– Gibbs free energy change, Jmol�1
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