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Adsorption of Rhodamine B onto O-Carboxymethylchitosan-
N-Lauryl

Maria Claudia Tonelli Largura, Aline Debrassi, Helen Helena dos Santos,
Alyni Terreiro Marques, and Clóvis Antonio Rodrigues
Núcleo de Investigações Quı́mico-Farmacêuticas (NIQFAR), Universidade do Vale do Itajaı́
(UNIVALI), Itajaı́, Santa Catarina, Brazil

The adsorption of a cationic dye (rhodamine B; RB) on
O-carboximethyl-N-acetylated (L-CMCh) in aqueous solution was
investigated. The effect of the process parameters such as the contact
time, pH, and temperature are reported. Both temperature and pH
influence dye adsorption. To determine the adsorption capacity, the
equilibrium adsorption data were analyzed by the Langmuir,
Langmuir-Freundlich, and Redlich-Peterson isotherm models. The
results showed better agreement with the Langmuir-Freundlich model
than the other models. The maximum adsorption capacity of RB for
L-CMCh was determined as 38.5mgg�1 at pH 8.5 and 25�C. The kin-
etic results follow a pseudo-second-order rate equation. The activation
energy value for adsorption of RB on L-CMCh was found to be
52.0kJmol�1. The negative values of Gibbs free energy and enthalpy
show the adsorption to be spontaneous and exothermic. The negative
value of the enthalpy for adsorption of RB onto L-CMCh shows
the adsorption to be exothermic.

Keywords carboxymethylchitosan-N-acetylated; equilibrium
adsorption; kinetic adsorption; rhodamine B

INTRODUCTION

Different kinds of synthetic dyestuffs arising from many
sources, such as the textile, dyestuff, leather, rubber, plas-
tic, cosmetics, and paper industries are present in waste-
water effluents. Even small amounts of dyes in water may
have a serious environmental impact, as many are toxic
to aquatic creatures and humans. As synthetic dyestuffs
have mostly aromatic structures and are biologically
non-degradable, special techniques to remove them from
wastewater are required (1,2).

Several methods for removing dye pollution from waste-
water have been investigated, activated sludge (3), photo-
degradation (4), and ozonation (5). Of these, adsorption
has been found to be one of the most successful treatment
methods.

Various materials have been developed for this purpose
—activated carbon (6,7) peat (8), alumina (9), cellulose-
based wastes (10), formaldehyde and sulphuric acid treated
sawduts (11), sepiolite (2), chitosan (1,10,12–15), meso-
porus (16), algae-manufacturing waste (17), bottom ash
and deoiled soya (18–21).

Despite the fact that activated carbon is one of the most
effective adsorbents, its high cost poses a barrier to its
application for the large-scale treatment of effluents, so
interest is growing in the application of low-cost adsor-
bents (22,23). Biopolymers are a suitable option for this
purpose due to their biodegradable characteristics and tol-
erable cost. Chitosan, a biopolymer obtained from the dea-
cetylation of chitin, has been widely used as an adsorbent
of dyes and metal ions, due to its amino and hydroxyl
groups, which serve as coordination sites (12,24–26).

The aim of this investigation was to study the adsorption
of the cationic dye Rhodamine B (RB), from aqueous
solution at different pH values and temperatures onto a
hydrophobic-modified chitosan derivative. The kinetics
of adsorption was determined using pseudo-first-order,
pseudo-second-order, and intraparticle diffusion, and the
thermodynamic parameters were determined. The Langmuir,
Langmuir-Freundlich, and Redlich-Peterson equations
were applied to fit the equilibrium isotherms.

EXPERIMENTAL

Materials

The chitosan (Ch) was purchased from Purifarma,
São Paulo, SP, Brazil. The degree of deacetylation was
79% and the average molecular weight was 565 kDa,
determined by the viscosimetric method. The other
reagents used were all analytical grade from Vetec Quimica
Fina, Rio de Janeiro, Brazil, and all the solutions were
prepared with distilled water.

Synthesis of O-Carboxymethylchitosan-N-Lauryl
(L-CMCh)

O-carboxymethylchitosan (CMCh), with a carboxy-
methylation degree of 22%, was prepared in accordance
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with the methods described in the literature (27). The
L-CMCh was synthesized by modification of the method
described by Tien et al. (2003) (28) to synthesize N-acylated
chitosan. 5 g of CMCh was dispersed in 600ml of distilled
water to total solubilization. The pH was adjusted to 7.0 by
the addition of NaOH. Lauroyl chloride (20mL) (Aldrich,
Milan, Italy) was then added. After 6 h, the solution was
neutralized (pH 7.0) and precipitated with acetone. The
precipitate was collected by filtration, washed with meth-
anol, and purified with acetone using a Soxhlet extractor.
Finally, the product was dried under vacuum.

Determining the Degree of Acylation

The degree of N-acylation was determined by FT-IR
from the band transmittance area at 2840 cm�1 (ascribed
to the CH2 group) of lauroyl groups incorporated in
L-CMCh. To determine the degree of N-acylation of
L-CMC, the band area at 2840 cm�1 was used, with a stan-
dard curve prepared with different concentrations of lauric
acid. Powdered samples of L-CMCh and lauric acid were
compressed with KBr to obtain a disk (100mg) for FT-IR
analysis. For each sample or standard curve point, at last
three disks were used to obtain a statistical evaluation.
The FT-IR spectra were recorded using a Bomen BM
100 spectrophotometer (Quebec, Canada).

Adsorption Study

Adsorption Isotherms

Adsorption isotherms were determined using batch
methods. For the batch experiments, 0.020 g of Ch or
L-CMCh was added to 20mL of RB dye ([RB]¼ 1.0 to
50.0mgL�1 or 50.0 to 500.00mgL�1) in a buffer solution
CH3COO=CH3COONa (0.1M) for the lower pH range
(4.5; 5.5), and NaH2PO4=Na2HPO4 (0,1M) for pH 6.5,
7.5, and 8.5. The solutions were stirred with thermostat-
ting for 60min. Afterwards, the samples were filtered and
the dye concentration was determined using a Spectrovi-
sion UV-visible DB-1880S spectrophotometer (China), at
the wavelength of 526 nm. The amount of dye adsorbed
was calculated from difference of initial concentration
and the equilibrium concentration of dye. In order to
obtain the thermodynamic parameters, the same procedure
was performed at solution temperatures of 25, 35, 45,
and 55�C.

Kinetics Experiment

The kinetic study was carried out by stirring 0.020 g of
L-CMCh or Ch into 20mL of Rhodamine B at 25mgL�1

in a buffer solution NaH2PO4=Na2HPO4 (0,1M) pH 8.5.
The flasks were stirred for variable times (15–360min).
Aliquots of solution were removed at regular intervals,
and the amount of dye adsorbed was determined as
described above. The kinetic experiments were carried out
at solution temperatures of 25, 35, 45, and 55�C.

Effect of pH on Adsorption

The influence of dye solution pH on the adsorption pro-
cess was investigated over a pH range of 4.5–8.5. The dye
solutions were prepared in a buffer solution CH3COO=
CH3COONa (0.1M) for the lower pH range (4.5; 5.5),
and NaH2PO4=Na2HPO4 (0,1M) for pH 6.5, 7.5, and 8.5.

RESULTS AND DISCUSSION

Characterization of L-CMCh

O-carboxymetylchitosan-N-lauryl (L-CMCh), Fig. 1,
was synthesized using lauroyl chloride and its chemical
structure was characterized by FT-IR. The FT-IR spec-
trum of L-CMCh. Figure 2 shows the characteristics
of O-carboxymethylchitosan at: 3455 cm�1 (nas OH),
1590 cm�1 (d NH), and 1740 cm�1 (�C=O of �COOH).
In addition, the L-CMCh spectrum showed new character-
istic absorption peaks at 2950 cm�1 (nas CH2), 2870 cm

�1

(ns CH2), 1450 cm
�1 (d CH2), confirming the alkyl substi-

tution in chitosan.
The degree of substitution of L-CMCh was 0.69� 0.04,

as determined by an IR method (28).

Effect of Initial RB Concentration

The dye concentration plays an important role in the
adsorption capacity of the adsorbent. The influence of
the initial RB concentration is shown in Fig. 3. Clearly,
the adsorption capacity of L-CMCh increases with the
concentration range of the dye. Figure 3 shows that the
amount of RB adsorbed to be 33mg g�1 and 90mg g�1

for the lower and higher concentration ranges, respectively.
The increase in adsorption capacity with dye concentration
is due to an increase in the driving force of the concen-
tration gradient, as the dye concentration is increased (29).

FIG. 1. Modification of chitosan with lauroyl chloride.
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Effect of Adsorbent

The adsorption capacities of RB onto L-CMCh and Ch
are shown in Fig. 4. The equilibrium adsorption shows that
the maximum amount of RB adsorbed by Ch was
3.5mg g�1, while the other hand, the maximum amount
of RB adsorbed by L-CMCh was 33mg g�1. The difference
in the amount of dye adsorbed can be attributed to intro-
duction of O-carboxyl and N-lauroyl groups in the chito-
san chain. The introduction of carboxyl groups can
greatly improve the ionic interaction with cationic dye,
resulting in increased adsorption capacity. The introduc-
tion of a lauryl group to the chitosan molecule led to sig-
nificant changes in the chitosan properties, especially an
increase in hydrophobicity. In this case, the adsorption of
dye is the result of a hydrophobic interation between the
RB and alkyl groups present in L-CMCh.

Effect Temperature on Adsorption

The effect of temperature on the adsorption rate of RB
on L-CMCh was investigated at 25, 35, 45, and 55�C.
Figure 5 shows the results of the equilibrium adsorption
experiment carried out at different temperatures. The
adsorption of RB by L-CMCh decreased from 33mg g�1

to 27mg g�1, as the temperature of the solution decreased,
indicating the exothermic nature of the process. This
decrease in adsorption may be the result of an increase
of the desorption step in the adsorption mechanism. A
similar observation was reported previously for adsorp-
tion of methylene blue on active carbon (30), adsorption
of malachite green on chitosan beads (15), eosin Y by

FIG. 3. Effect of concentration range on adsorption of RB dye onto

L-CMCh. Range dye concentration 1.0–50.0mgL�1, sample dose

0.020 g=25mL, pH 8.5, temperature 25�C and equilibrium time 60min.

Insert: range concentration dye 50.0–500.00mgL�1.

FIG. 2. FT-IR spectrum of O-Carboxymethylchitosan-N-Lauryl.
FIG. 4. Effect of type of adsorbent in RB adsorption. Range dye

concentration (1.0–50.0mgL�1), sample dose 0.020 g=25mL, pH 8.5

temperature 25�C and equilibrium time 60min.

FIG. 5. Adsorption isotherm of RB dye onto L-CMCh at different

temperature. Range dye concentration (1.0–50.0mgL�1), sample dose

0.020 g=25mL, pH 8.5 and equilibrium time 60min.
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chitosan hydrobeads (13), and congo red onto chitosan
hydrobeads (14).

Effect pH Value on Adsorption

The pH of the solution affects the surface charge of the
adsorbents as well as the degree of ionization of the dye.
The influence of pH on the adsorption of RB by L-CMCh
was studied, to gain further insight into the adsorption pro-
cess. The adsorption of RB was studied in a pH range of
4.5–8.5.

Figure 6 and Table 1 show the effect of pH on the
adsorption of RB onto L-CMCh. The plots indicate that

the adsorption of RB by both adsorbents increased with
an increase in the pH of the solution. RB is a cationic
dye and in acid solution, cationic L-CMCh repulses the
cationic dye, thereby reducing the adsorption of RB onto
L-CMCh. However, as the pH is increased the adsorption
increases. This can be explained by the electrostatic interac-
tion that exists between the negatively charged surface of
the adsorbent due to the �NH2 free groups in Ch and
�COO� and �NH2 in L-CMCh, and RB, a cationic dye.
On the other hand, the appreciable amount of RB adsorp-
tion on L-CMCh throughout the pH range suggests a
strong involvement of different adsorption mechanisms,
principally the hydrophobic interaction between the aro-
matic residues of the dye and lauryl groups of adsorbent.
A similar observation has been reported for the adsorption
of methylene blue onto yellow passion fruit peel (31), mala-
chite green onto chitosan beads (15), and methyl violet and
methylene blue onto sepiolite (2).

Adsorption Isotherm

The adsorption isotherm indicates how the dye mole-
cules are distributed between the liquid phase and solid
phase when the adsorption process reaches equilibrium.
Three different adsorption isotherms were tested to find
the most suitable one: the Langmuir, the Langmuir-
Freundlich and the Redlich-Peterson.

The experimental values of the isotherms were used in
this non-linear form of Langmuir equation (1). This equa-
tion is valid for monolayer adsorption. The model contains
a limited number of sites and predicts a homogeneous
distribution of adsorption energies (32).

Cs ¼ ðKLqmCeqÞ=ð1þKCeqÞ ð1Þ

FIG. 6. Adsorption isotherm of RB dye onto L-CMCh at different pH

values. Dye concentration range (1.0–50.0mgL�1), sample dose 0.020 g=

25mL, pH 8.5, temperature 25�C and equilibrium time 60min. The full

lines represent the fits of experimental data to the Langmuir-Freundlich

isotherm (non-linear plot).

TABLE 1
Isotherm constants for the adsorption of RB on L-CMCh at different pH values and temperatures

Langmuir Langmuir-Freundlich Redlich-Peterson

KL

(mLg�1)
qm

(mg g�1) r2
KLF

(mLg�1)
qm

(mg g�1) c r2
KRP

(mLg�1)
aRP

(Lmg�1) c r2

pH
4.5 0.446 22.98 0.976 0.439 20.34 1.56 0.998 0.185 42.06 1.21 0.990
5.5 0.146 30.56 0.999 0.135 33.94 0.930 0.999 0.202 23.79 0.912 0.999
6.5 0.196 24.17 0.946 – – – – – – – –
7.5 0.254 22.04 0.989 0.243 20.92 1.14 0.991 0.143 32.61 1.11 0.993
8.5 0.507 39.38 0.985 0.516 38.58 1.05 0.986 0.296 54.77 1.12 0.988

T (�C) (pH 8.5)
25 0.507 39.38 0.985 0.516 38.58 1.05 0.986 0.296 54.77 1.12 0.988
35 0.246 41.38 0.994 0.245 41.94 0.982 0.994 0.259 39.99 0.988 0.994
45 0.337 39.80 0.966 0.359 31.84 1.63 0.994 0.0285 305.6 1.83 0.999
55 0.365 37.32 0.986 0.374 36.60 1.02 0.986 0.487 30.73 0.921 0.986
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where: Cs¼ amount of dye adsorbed (mg g�1); Ceq¼
equilibrium concentration of dye in solution (mgL�1);
KL¼ adsorption constant of Langmuir (Lmg�1); qm¼
maximum amount of dye adsorbed onto 1 g of adsorbent.

The Langmuir and Freundlich models may be combined
to give the composite Langmuir-Freundlich equation (2)

Cs ¼ ðKLFqmC
c
eqÞ=ð1þKCc

eqÞ ð2Þ

where: KLF¼ adsorption constant of Langmuir-Freundlich
(Lmg�1); c¼ heterogeneity parameter. As the equation has
three fitting constants, it describes the adsorption much
better. For independent non-interacting adsorption sites
corresponding to the Langmuir model, c is 1. When
c> 1, positive cooperativity is assumed, while when
0< c< 1, negative adsorption cooperativity is expected.

The Redlich-Peterson isotherm model combines ele-
ments from both the Langmuir and Freundlich equations.
The Redlich-Peterson isotherm incorporates the three
parameters, and can be applied either in homogeneous or
heterogeneous systems, Eq. (3)

Cs ¼ ðKRPaRPCeqÞ=ð1þKCc
eqÞ ð3Þ

where: KRP¼Redlich-Perterson adsorption constant
(Lmg�1); c¼ heterogeneity parameter, which lies between
0 and 1; aRP affinity coefficient (Lmg�1). If c is equal to
1, Eq. (3) reduces to the Langmuir isotherm equation,
while when the term KCc

eq is much >1, the Redlich-
Peterson isotherm equation can be approximated by a
Freundlich type equation (32). Values of c were found to
be higher than 1 for some conditions, which means that
the Redlich-Peterson model is not a suitable one to explain
this adsorption process (33).

Non-linear regression was used to determine the most
fitted isotherm, and the method of least squares was used
to fit the parameters of the isotherm. Table 1 summarizes
the isotherm constant determined for the three different
equilibrium isotherms tested, as well as the non-linear
correlation coefficients under different conditions. On the
basis of the correlation coefficient, the Langmuir-Freundlich
adsorption isotherm model was found to provide the best
prediction for the adsorption of RB onto L-CMCh. The plot
for the non-linear Langmuir-Freundlich isotherm is shown
in Fig. 5. Table 1 shows that the qm of RB adsorbed
onto L-CMCh decreases as the temperature increases. A
similar finding was previously reported for the adsorption
of acid dyes onto chitosan (34), adsorption of congo red
by chitosan hydrobeads (14), and malachite green on
chitosan beads (15).

The qm value of RB on L-CMCh at 25�C and pH 8.5, was
much higher in comparison to the other adsorbents reported,
such as fly ash 4.37mgg�1 (35), coal ash 2.47mgg�1 (36),
surfactant-modified coconut coir pith 14,9mg=g (37)

zeolite 12.9mgg�1 (38), Jalshakti1 15.5mgg�1 (39), and
dried biomass of actived sludge 7.2mgg�1 (2), polyurethane
foam 3.2mg=g (40), baker’s yeast 25.0mg=g (41), Rhizopus
oryzae biomass 39.1mg=g (42).

Adsorption Kinetics

The contact time between the adsorbent and the dye is
of significant importance in the treatment of wastewater
by adsorption. Achievement of equilibrium within a short
space of time may indicate that an adsorbent might be
effective in wastewater treatment plant.

Figure 7 presents the adsorption kinetic curves of RB on
L-CMCh. On increasing the contact time, the amount of
dye absorbed increases rapidly over several minutes, reach-
ing its maximum value at about 120min. The adsorption
curves of the RB with contact time are single and smooth,
with continuous leading saturation. These curves indicate
the possible monolayer coverage of RB on the L-CMCh
surface. Zubieta et al. (16) have reported a 5 h equilibrium
adsorption time for RB adsorption on mesoporous
material. Similarly, a contact time of only 15min was
required to achieve the equilibrium adsorption of RB onto
dried biomass of activated sludge (2).

The kinetics of the adsorption process was studied at
25�C, 35�C, 45�C, and 55�C. The kinetics of dye adsorp-
tion on the L-CMCh was determined with different kinetic
models, such as the pseudo-first-order, the pseudo-second-
order, and intraparticle diffusion.

The pseudo-first-order equation, the so-called Lagergren
equation, is one of the most commonly used for the adsorp-
tion of solute from solution. The model is represented as
follows:

Ln ðqeq � qtÞ ¼ Lnqeq �K1t ð4Þ

FIG. 7. Effect of contact time on the adsorption of RB dye onto

L-CMCh at different temperatures. Dye concentration 25mgL�1 sample

dose 0.020 g=25mL, pH 8.5, and equilibrium time 60min.
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were, K1 is the rate constant of pseudo-first-order adsorp-
tion (mim�1) and qeq and qt denote the amounts of dye
adsorbed at equilibrium and at time t (mg g�1), respectively.

The pseudo-second-order equation based on the adsorp-
tion equilibrium capacity can be expressed as:

t

qt
¼ 1

K2q2eq
þ t

qeq
ð5Þ

where, K2 is the rate constant of pseudo-second-order
adsorption (mg g�1min�1).

The intraparticle diffusion model was tested to identify
the diffusion mechanism. According to the model:

qt ¼ KP t
1=2 þ C ð6Þ

were, KP is the intraparticle diffusion constant (mg g�1

mim�0.5) and C (mg g�1) is the intercept of the straight line
(30).

The straight line plots of three models for adsorption of
RB by L-CMCh are shown in Fig. 8. The parameters and
correlation coefficient were calculated from these plots,
under different temperature values. The results are shown
in Table 3.

As shown in Table 2, the pseudo-second-order equation
fitted well with the experimental data. The correlation coef-
ficient (r2) is between 0.990–0.999. On the other hand, the
r2 values for first-order and intraparticle diffusion equa-
tions were found to be slightly lower. The results show that
the adsorption of dyes by L-CMCh obeys the pseudo-
second-order kinetic model.

According to the intraparticle diffusion model, the
uptake plot should be linear if intraparticle diffusion is
involved in the adsorption process, and if these lines pass
through the point of origin. When the plots do not pass
through the origin, it can be concluded that intraparticle
diffusion is not the only rate controlling step for the
adsorption of RB onto L-CMCh.

The pseudo-second-order rate constant listed in Table 3
has been used to obtain the activation energy of RB
adsorption on L-CMCh using the Arrhenius equation (7)

LnK2 ¼ LnKo �
Ea

RT
ð7Þ

were, K2 is the rate constant of the pseudo-second-order
(mg g�1min�1); Ko is the Arrhenius factor, which is the
temperature independent factor; R is the gas constant
(8.314 Jmol�1K�1); T is the absolute temperature (K) of
the solution; and Ea is the activation energy (Jmol�1).

The plot of Ln K2 versus 1=T shown in Fig. 9, for
adsorption of RB onto L-CMCh, was applied to obtain
the Ea from the slope, which was found to be
52.0 kJmol�1 for RB adsorption. The Ea value is used to

identify the dominant type of adsorption, the diffusion
controlled process has an activation energy of between
25–30 Jmol�1. The magnitude of Ea also reflects the type

FIG. 8. (a) Pseudo-first-order kinetics for adsorption of RB onto

L-CMCh at different temperatures; (b) Pseudo-second-order kinetics for

adsorption of RB using L-CMCh at different temperatures; (c) Intra-

particle diffusion model kinetics for adsorption of RB using L-CMCh

at different temperatures. Dye concentration 25mgL�1 sample dose

0.020 g=25mL, pH 8.5.
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of adsorption, i.e., physical or chemical. The Ea value
ranges from 4 to 40 kJmol�1 for physisorption, while the
range was from 40 to 95.5 kJmol�1 for chemisorption.
The activation energy obtained for adsorption of RB by
L-CMCh of 52.0 kJmol�1 suggests that the adsorption
was not diffusion controlled, and that it was governed by
interactions of a chemical nature. Similar Ea values have
been reported for the study of malachite green adsorption
by chitosan (15).

Thermodynamic Parameters of Adsorption

The thermodynamic parameters, including the Gibbs
free energy change (DG0), enthalpy (DH0), and entropy

(DS0), were determined using the following equations and
represented as van’t Hoff equations

LnKD ¼ DS0

R
þ DH0

RT
ð8Þ

DG0 ¼ �RTLnKD ð9Þ

KD ¼ Cs

Ceq
ð10Þ

were, KD is the equilibrium constant; Ceq is the dye
equilibrium concentration; Cs the amount of dye absorbed;

TABLE 2
Kinetic fitting results for the absorption of RB on L-CMCh at different temperatures

Pseudo-first-order Peudo-second-order Intraparticle diffusion

T (�C) qe (mg g
�1) K1 (min�1) r2 qe (mg g

�1) k2 (mg g
�1min�1) r2 kp (mg g�1min�1=2) C (mg g�1) r2

25�C 1.39� 104 8.89� 10�3 �0.984 3.34� 104 2.68� 10�6 0.999 1.09� 103 1.79� 104 0.981
35�C 1.31� 104 1.75� 10�2 �0.958 3.20� 104 3.33� 10�6 0.998 8.36� 102 1.98� 104 0.996
45�C 3.16� 103 1.56� 10�2 �0.963 2.82� 104 1.01� 10�5 0.999 2.32� 102 2.46� 104 0.978
55�C 1.66� 104 1.04� 10�2 �0.955 3.38� 104 1.20� 10�6 0.993 1.58� 103 9.66� 103 0.967

TABLE 3
Thermodynamic parameters for adsorption of dyes by adsorbent

Temperature (K) DH0 (kJmol�1) DS0 (Jmol�1K�1) DG0 (kJmol�1) Ea (kJmol�1)

298 �19.3 4.17 �20.4 52.0
308 �20.9
318 �20.4

FIG. 9. Arrhenius plot for adsorption of RB onto L-CMCh. FIG. 10. van’t Hoff plot for adsoption of RB onto L-CMCh.
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R is the gas constant (8.314 Jmol�1K�1); T is the absolute
solution temperature (K).

From a plot of LnKD versus 1=T, Fig. 10 has a slope of
DH=R and intercept DS=R. The results are shown in
Table 3.

The results of the DGo for adsorption of RB by
L-CMCh, shown in Table 3, demonstrate that the adsorp-
tion of dye is spontaneous and that the system does not
gain energy from any external source. The negative value
of the enthalpy (DH0) for adsorption of RB shows the
adsorption to be exothermic, and the positive value
entropy (DS0) indicates an increase in the degree of free-
dom or increased disorder of the adsorption process. Simi-
lar results were also found for reactive dye adsorption onto
chitosan (12).

CONCLUSION

The effect of dye adsorption onto L-CMCh at equilib-
rium is better described by the Langmuir-Freundlich model.
The maximum adsorption capacities, at pH 8.5, were
38.5mg g�1. Measurements of its kinetics imply that dye
adsorption obeys the pseudo-second-order process. From
the thermodynamic study, the Ea value obtained for RB
L-CMCh is 52.0 kJmol�1. Therefore, the type of adsorption
between RB and L-CMCh can be considered as chemical
adsorption. The negative value of the DHo for adsorption
of RB shows the adsorption to be exothermic.
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geneous photocatalytic degradation of reactive dyes in aqueous

TiO2 suspensions: Decolorization kinetics. Chem. Engin. J., 149: 215.
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