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Adsorption of food dyes acid blue 9 and food yellow 3 onto chitosan was optimized. Chitosan was obtained
from shrimp wastes and characterized. A full factorial design was used to analyze the effects of pH, stirring
rate and contact time in adsorption capacity. In the optimal conditions, adsorption kinetics was studied
and the experimental data were fitted with three kinetic models. The produced chitosan showed good
characteristics for dye adsorption. The optimal conditions were: pH 3, 150 rpm and 60 min for acid blue 9

and pH 3, 50 rpm and 60 min for food yellow 3. In these conditions, the adsorption capacities values were
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210mgg~! and 295 mgg! for acid blue 9 and food yellow 3, respectively. The Elovich kinetic model was
the best fit for experimental data and it showed the chemical nature of dyes adsorption onto chitosan.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Chitosan, a de-N-acetylated analog of chitin, is a heteropolysac-
charide consisting of linear b-1,4-linked GlcN and GIcNAc units
(Harish Prashanth & Tharanathan, 2007). Due to properties such as,
biocompatibility and biodegradability, chitosan is used in a wide
range of applications, including effluent treatment (Srinivasan &
Viraraghavan, 2010). The use of chitosan for dye removal from
effluent is based on three factors: First, due to the fact that the
chitosan-based polymers are low-cost materials obtained from
natural resources and their use as biosorbents is extremely cost-
effective. Second, the adsorption capacities are high and higher
adsorption rates are found. The third factor is the development of
complex materials by chitosan (Crini & Badot, 2008).

Over a hundred thousand commercially available dyes exist and
more than 7 x 10° tons are produced annually (Elwakeel, 2009),
consequently, large quantities of dyes are emitted into effluents
from various industries, for example the textile and food industries
(Piccin, Vieira, Gongalves, Dotto, & Pinto, 2009). The colored dye
effluents are considered to be highly toxic to the aquatic biota and
affect the symbiotic process by disturbing the natural equilibrium
by reducing photosynthetic activity and primary production due to
the colorization of water (Gupta & Suhas, 2009). It is rather difficult
to treat dye effluents because of their synthetic origins and their
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mainly aromatic structures, which are biologically non-degradable
(Srinivasan & Viraraghavan, 2010). Adsorption is found a good way
to treat industrial waste effluents, it has significant advantages in
comparison with conventional methods, especially from econom-
ical and environmental viewpoints (Crini & Badot, 2008; Gupta &
Suhas, 2009; Li et al., 2010; Shimei, Jingli, Ronglan, & Jide, 2006;
Srinivasan & Viraraghavan, 2010).

Many studies have been developed on dyes adsorption
onto alternative adsorbents, for example, reactive red 141
(Sakkayawong, Thiravetyan, & Nakbanpote, 2005); reactive black 5
(Elwakeel, 2009); acid green 25 (Gibbs, Tobin, & Guibal, 2003); acid
orange 10, acid red 73 and acid green 25 (Cheung, Szeto, & McKay,
2009); methyl orange (Li et al., 2010); basic green 4 (Shimei et al.,
2006) and methylene blue (Han et al., 2010). Most of dye adsorp-
tion studies are relative to textile dyes (Chatterjee, Chatterjee,
Chatterjee, & Guha, 2007; Han et al., 2010; Sakkayawong et al.,
2005; Shimei et al., 2006; Uzun, 2006), whereas, food dyes are
little investigated. In addition, dye adsorption onto chitosan is com-
monly studied through kinetic and thermo chemical analysis, and
a full factorial design is rarely used.

The present study aimed to produce chitosan with appropri-
ate characteristics for dyes adsorption and to optimize adsorption
of the food dyes acid blue 9 and food yellow 3 onto chitosan in
batch systems. In the optimal conditions, it was verified adsorption
kinetic. The effects of factors such as pH, stirring rate and con-
tact time on adsorption capacity were investigated through surface
response methodology. Adsorption kinetic were evaluated accord-
ing to adsorption reaction models. In addition, scanning electron
microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS)
were used to compare the adsorption behavior of both dyes.
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2. Material and methods
2.1. Chitosan production methodology

The adsorbent used in this work was a chitosan powder,
obtained from shrimp (Farfantepenaeus brasiliensis) wastes. Firstly,
chitin was obtained by demineralization, deproteinization and
deodorization steps. Chitosan paste was obtained by alkaline
deacetylation of chitin followed by purification according to Weska,
Moura, Batista, Rizzi, and Pinto (2007). Chitosan paste was dried to
obtain a chitosan powder (Halal, Moura, & Pinto, 2010).

2.2. Chitosan characterization

Chitosan powder was characterized according to molar weight
(Mw), deacetylation degree (%DD), particle size (Dp) and infra-
red ray analysis (FT-IR). Scanning electron micrographs (SEM) and
energy dispersive X-ray spectroscopy (EDS) were carried out with
chitosan before and after the adsorption process.

Chitosan molar weight was determined by viscosimetric
method. Reduced viscosity was determined by Huggins equation,
and converted in molar weight through Mark-Houwink-Sakurada
equation (Eq. (1)) (Zhang & Neau, 2001):

n=KM, (1)

where 7 is intrinsic viscosity (mLg~1), My is molar weight (Da),
K=1.81x10"3mLg ! and o« =0.93 (Zhao, Zhang, & Zeng, 2003).

The grain-size analysis of the chitosan powder was carried out in
a standardized mesh screen. The average diameter was calculated
by the Sauter definition (Foust, Wenzel, Clump, Maus, & Andersen,
1980) (Eq. (2)):

1

5Sauter = m (2)

where Ds,yter is the average diameter of Sauter (m), Dy,; is the arith-
metic average diameter between two screens (m) and X; is weight
fraction of particle size Dp,; (%).

Characteristic bands of chitosan and deacetylation degree (%DD)
were verified through FT-IR analysis. Chitosan samples were mac-
erated and submitted to the spectroscopic determination in the
infra-red ray region (Prestige 21, the 210045, Japan) using the tech-
nique of diffuse reflectance in potassium bromide (Sakkayawong
et al., 2005). Deacetylation degree was determined according to
Eq. (3) (Cervera et al., 2004):

%DD = 87.8 — [3AH’} (3)
A_on

where Ac—g is the absorbance of CO group, A_gy is the absorbance

of —OH group and %DD is the deacetylation degree (%).

Chitosan powder before and after the adsorption process
was characterized by scanning electron microscopy (SEM) (Jeol,
JSM-6060, Japan) (Chatterjee et al., 2007) and energy dispersive
X-ray spectroscopy (Pioneer, S2 Ranger, Germany) (Moghaddam,
Moghaddam, & Arami, 2010).

2.3. Adsorbate

Two food dyes were used in this study, the azo dye food yel-
low 3 (color index 15985, molar weight 452.4gmol-!) and the
triarylmethane dye acid blue 9 (color index 42090, molar weight
792.8 gmol~1) (Plury chemical Ltd., Brazil). The food dyes chemical
structures are presented in Fig. 1. All the other reagents utilized
were of analytical-reagent grade. Distilled water was used to pre-
pare all solutions.
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Fig. 1. The chemical structures of (a) acid blue 9 and (b) food yellow 3.

2.4. Batch experiments

Chitosan powder samples (250 mg, dry basis) were diluted in
0.80L of distilled water and had the pH corrected (pH 3, 4 and 5)
through the 50 mL of buffer disodium phosphate/citric acid solution
(0.1 molL~1), which did not present interaction with the dyes. The
solutions were agitated for 30 min so that the pH reached equilib-
rium, which was measured before and after the adsorption process
(Mars, MB10, Brazil). 50 mL of a solution containing 2 gL~ of dyes
was added to each chitosan solution, being completed to 1L with
distilled water, thus, the initial dye concentration was approxi-
mately 100 mgL~! (Piccin et al., 2009).

The experiments were carried out in a jar test (Nova ética,
218 MBD, Brazil), under agitation (50 rpm, 150 rpm and 250 rpm)
and ambient temperature (25 4 1 °C). Aliquots were withdrawn in
preset time intervals (20 min, 40 min and 60 min), and the dye
concentration was found by means of spectrophotometer (Quimis,
Q108 DRM, Brazil) at 408 nm and 480 nm for acid blue 9 and food
yellow 3, respectively. All experiments were carried out in replicate.

The adsorption capacity (q), valid when the solute remaining in
the liquid filling the pores is negligible, was determined according
to Eq. (4) (Crini & Badot, 2008):

G -G
q_im 1% (4)
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Table 1
Experimental design and results according to the 33 full factorial design.

Experiment pH Stirring rate (rpm) Contact time (min) q acid blue 9 (mgg~1)2 q food yellow 3 (mgg=1)?
1 3 50 20 105.6 £ 0.5 2375+ 1.0
2 3 50 40 165.8 + 1.0 2728 £ 2.2
3 3 50 60 144.0 £ 0.7 2945 + 24
4 3 150 20 1343 £ 0.9 197.7 £ 0.6
5 3 150 40 181.7 £ 1.2 266.8 + 0.3
6 3 150 60 209.9 + 3.0 250.6 + 0.9
7 3 250 20 142.0 £ 2.5 207.2 £ 0.8
8 3 250 40 167.6 £ 1.0 2492 +1.9
9 3 250 60 1753 £ 2.0 246.5 + 1.4

10 4 50 20 86.3 £ 0.2 200.9 +£ 2.5

11 4 50 40 124.8 + 0.7 2199 +£ 2.0

12 4 50 60 124.8 + 1.7 2321+ 1.2

13 4 150 20 58.6 £ 0.2 1543 £ 0.8

14 4 150 40 107.3 £ 1.0 184.1 £ 0.6

15 4 150 60 135.5 + 0.4 203.1 +£ 0.5

16 4 250 20 47.1 £ 0.8 157.0 £ 2.3

17 4 250 40 140.7 £ 2.1 1855 £ 1.7

18 4 250 60 133.0 £ 2.0 192.2 £ 0.5

19 5 50 20 594 + 2.3 1413 £ 2.8

20 5 50 40 88.9 £ 04 1792 £ 2.4

21 5 50 60 543 +0.8 188.7 £ 1.2

22 5 150 20 80.4 +£ 0.3 173+ 1.9

23 5 150 40 115.0 £ 0.9 77.0 £ 0.5

24 5 150 60 86.8 + 0.6 458 + 0.9

25 5 250 20 50.9 + 0.2 115.0 £ 0.5

26 5 250 40 1522+ 1.4 115.0 £ 0.2

27 5 250 60 50.9 + 0.5 1624 £ 2.0

2 Mean =+ stantard error in replicate.

where ( is the initial dye concentration in liquid phase (mgL-1),
C; is the dye concentration in liquid phase at time t (mgL~1), m is
chitosan amount (g), q is the adsorption capacity (mgg~') and Vis
the volume of solution (L).

2.5. Statistical analysis

The influence of the variables (pH, stirring rate and contact
time) on adsorption capacity was studied employing a 33 full fac-
torial design (Myers & Montgomery, 2002). Runs were performed
at random. Experimental range and levels of the independent pro-
cess variables are shown in Table 1. Results were analyzed using
Statistica version 7 (StatSoft Inc., USA) software. The statistical sig-
nificance of the regression coefficients was determined by Student’s
test, the second order model equation was evaluated by Fischer’s
testand the proportion of variance explained by the model obtained
was given by the multiple coefficient of determination, R,

2.6. Kinetics analysis

In the optimal condition of the adsorption process, experiments
were carried out in order to obtain kinetic data (The experiments
were carried out in the same way as of Section 2.4, however,
aliquots were removed at 2, 4, 6, 8, 10, 15, 20, 25, 30, 40, 60, 80,
100 and 120 min.). All experiments were performed in replicate.
In order to elucidate adsorption kinetic, the pseudo-first order,
pseudo-second order and Elovich models were fitted to experimen-
tal data.

The pseudo-first order and pseudo-second order kinetic mod-
els assume that the adsorption is a pseudo-chemical reaction, and
adsorption rate can be determined, respectively, for the pseudo-
first, Eq. (5), and pseudo-second order, Eq. (6), equations (Qiu, Pan,
Zhang, Zhang, & Zhang, 2009):

qr = q1(1 — exp(—kqt)) (5)

d (6)

= /kad) + (t/a2)

where g is the adsorption capacity at time (min) ‘' (mgg~1), q1,
q> and q; (mgg1) are the adsorption capacities at equilibrium,
ki(min—1) and k(g mg~! min~1) are the pseudo-first and pseudo-
second order rate constants.

When the adsorption processes involves chemiosorption in
solid surface, and the adsorption velocity decreases with the time
due to covering of the superficial layer, the Elovich model, Eq. (7),
is one of the most used (Wu, Tseng, & Juang, 2009).

qr = %ln(l + abt) (7)

where “a” is considered the initial velocity due to (dq/dt=a) with
g¢=0(mgg-1min—')and b is the desorption constant of the Elovich
model (gmg~1).

The coefficient’s values of the kinetic equations were deter-
mined from fit of the models to the experimental data by nonlinear
regression, using the software Statistica 7.0 (StatSoft Inc., USA), its
fit were verified through the correlation coefficient (R?) and average
relative error (E) (Eq. (8)):

100 mqt,exp — qt,obs
E=— _ 8
n Zl dt,obs (8)

where Grexp and q;ops are the experimental values of adsorption
capacity in time “t” and obtained from kinetics models.

3. Results and discussion
3.1. Chitosan characterization

Chitosan showed My, 147 + 5 kDa and particle size of 70 + 5 um.
The FT-IR analysis was realized (figures are not shown) and were
observed peaks in 1556cm~! (-NH,), 1640cm~! (amide I band),
1020cm~! and 1080cm~! (C-N), 2933 cm~! (N-H). These peaks
are involved in the functional group of amine on chitosan polymer.
Inaddition, in 3470 cm~! the hydroxyl groups linked in the chitosan
structure were observed. In acid conditions, chitosan amino and
hydroxyl groups are responsible for dye adsorption (Crini & Badot,
2008). Chitosan %DD obtained from FT-IR analysis was 85 + 1%.
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Fig. 2. Pareto charts of (a) acid blue 9 adsorption capacity and (b) food yellow 3
adsorption capacity.

3.2. Optimization of food dyes adsorption

The experimental design and results according to the 33 full
factorial design were shown in Table 1.

Pareto chart (Fig. 2) was used in order to verify the significance
of pH, stirring rate, contact time and its interactions in adsorp-
tion capacity. In Fig. 2(a) it can be observed that for the acid blue
9 adsorption capacity, the linear effects of pH, stirring rate and
contact time were significant (p <0.05). A quadratic effect of the
pH, contact time and stirring rate were significant (p <0.05). For
food yellow 3 adsorption capacity (Fig. 2(b)), all main linear and
quadratic effects were significant (p < 0.05).

Egs.(9)and (10) show adsorption capacity of the acid blue 9 and
food yellow 3 respectively onto chitosan as a function of pH (x1),
stirring rate (x,) and contact time (x3). The non significant terms
(p>0.05) were removed from the equations.

Gacid = 139.7 +10.5x3 — 12.6x3 — 35.1x% — 35.9x1 + 6.1x,
+18.9x3 — 12.3x1x3 + 8.4x5X3 9)

Gfood = 171.2 — 10.5x3 +43.5x3 — 13.2x% — 65.5x;
—18.9xy +21.7x3 — 2.3X1X3 (10)

Analysis of variance and Fischer F-test of the models (Egs. (9) and
(10)) were carried out in order to verify the models prediction

Fig. 3. Response surfaces that represents (a) acid blue 9 adsorption capacity and (b)
food yellow 3 adsorption capacity as a function of stirring rate (x, ) and contact time
(x3) according to Eqgs. (9) and (10), respectively.

and significance. The acid blue 9 adsorption model (Eq. (9)) was
significant and predictive, calculated Fischer, (F.,c=19.9) is ten
times superior in relation to standard Fischer (Fgq =2.2) and coef-
ficient of determination R?=0.92. Similar behavior was observed
for the food yellow 3 adsorption model (Eq. (10)), calculated Fis-
cher (Fg,c =73.2) is twenty times superior in relation to (Fgg =2.5)
and coefficient of determination R? =0.95. Thus, response surfaces
based in the models were used to represent adsorption capacities.
Fig. 3(a) shows response surface of acid blue 9 adsorption capacity
and Fig. 3(b) shows response surface of food yellow 3 adsorption
capacity.

The response surfaces (Fig. 3) are presented in pH 3, because,
for both dyes, negative strong linear effect of the pH showed that
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pH decrease caused an increase in adsorption capacity (Fig. 2).
This behavior can be explained due to the dye-chitosan inter-
actions in acid conditions proposed by Stefancich, Delben, and
Muzzarelli (1994). Under acidic conditions, hydrogen atoms (H*)
in the solution could protonate the amine groups (-NH,) of chi-
tosan, in addition, acid blue 9 and food yellow 3 were dissolved
and its sulfonate groups were dissociated, the adsorption pro-
cess then proceeded due to the electrostatic interactions between
dyes sulfonated groups and chitosan protonated amino groups. The
pH decrease caused protonation of more chitosan amino groups,
increasing adsorption sites, and consequently increasing adsorp-
tion capacity. A similar behavior was observed by Cheung et al.
(2009) in acid dye adsorption on chitosan nanoparticles. In this
research pH increase from 4 to 6 decreased adsorption capacity
ten-fold. According to Crini and Badot (2008) an optimal range
for dye adsorption onto chitosan is from 3 to 6, and below this
range, usually a large excess of competitor anions limits adsorption
efficiency.

In Fig. 3 it can be observed that a contact time effect is similar
for both dyes. The dye adsorption capacity increased with con-
tact time, reaching the equilibrium in about 60 min. This behavior
can be explained because during the process, chitosan surface was
progressively blocked by the dyes reaching pseudo-equilibrium in
about 60 min. According to Crini and Badot (2008), generally, the
adsorption capacity increases with time and, at some point in time,
reaches a constant value where no more dye is removed from the
solution. At this point, the dye amount being adsorbed onto the
material is in a state of dynamic equilibrium with the dye amount
desorbed from the adsorbent. Similar behavior was found by Gibbs
et al. (2003) in adsorption of acid green 25 onto chitosan, when,
1-2 h was sufficient to achieve complete recovery of the dye at
initial concentrations below 100mgL~!. Kamari, Ngah, and Liew
(2009) showed that optimum agitation period for the adsorption
of acid red 37 and acid blue 25 onto chitosan and chitosan-EGDE
beads were 100 and 140 min, respectively.

The stirring rate showed different behavior for each dye. For the
acid blue 9 adsorption, the stirring rate showed a quadratic behav-
ior reaching the maximum adsorption capacity at about 150 rpm
(Fig. 3(a)). When stirring rate increased from 50 rpm to 150 rpm,
chitosan boundary-layer resistance decreased and system mobil-
ity increased, increasing the adsorption capacity. From 150 rpm
to 250 rpm, adsorption capacity decreased. This behavior can be
explained due to the fact that chitosan-dye interactions are chem-
ical and physical (Chatterjee et al., 2007), so a high stirring speed
causes a break in physical chitosan-dye intermolecular interac-

X588  S8mm

18kU 1, 588 1B8xm

Fig. 5. Scanning electron micrographs (SEM): (a) chitosan before adsorption pro-
cess, (b) chitosan adsorbed with acid blue 9 and (c) chitosan adsorbed with food
yellow 3.

tions decreasing adsorption capacity. On the other hand, in the
food yellow 3 adsorption (Fig. 3(b)) the stirring rate increase from
50rpm to 150rpm occurred a decrease in adsorption capacity,
after 150 rpm, the stirring rate showed a small effect. The maxi-
mum value was reached in 50 rpm. Uzun (2006) observed that the
increase of stirring rate caused an increase in adsorption capacity
of reactive yellow 2, but the author verified an inverse behavior for
adsorption of reactive blue 5. This shows that two behaviors are
possible.

The optimal conditions for food dyes adsorption onto chi-
tosan were obtained determining the maximum point of surface
responses (Fig. 3). This way, the optimal process conditions for
adsorption of acid blue 9 onto chitosan were pH 3, 60min
and 150rpm, under this conditions adsorption capacity was
210mgg-1. The optimal process conditions for adsorption of food
yellow 3 onto chitosan were pH 3, 60 min and 50rpm, under
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Fig. 6. Energy dispersive X-ray spectrum (EDS): (a) chitosan before adsorption process, (b) chitosan adsorbed with acid blue 9 and (c) chitosan adsorbed with food yellow 3.

this condition adsorption capacity was 295 mg g~!. The adsorption
capacity of acid blue 9 was lower than food yellow 3. This occurs
because acid blue 9 molar weight is higher than food yellow 3 molar
weight, and acid blue 9 is more ramified, so, leading to a difficulty in
dye diffusion. This behavior was observed by Cestari, Vieira, Santos,
Mota, and Almeida (2004) in adsorption of anionic dyes on chitosan

beads. In this study they show that dimensions of the dye organic
chains, amount and positioning of the sulfonate groups of the dyes
influence dye adsorption by chitosan. The adsorption capacities
reached in this work are in the range found in literature for dye
adsorption onto chitosan. This range varies from 30 to 2500 mg g~
(Crini & Badot, 2008).
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Table 2
Kinetics models constants to the adsorption of acid blue 9 and food yellow 3 in the
optimal condition.

Kinetic model Acid blue 9 Food yellow 3
Pseudo-first-order
ki (min—1) 0.040 0.137
q1 (mgg™") 2452 289.7
E (%) 114 12.0
R? 0.965 0.893
Pseudo-second-order
ky (x10*gmg ' min~1) 1.5 5.8
g2 (mgg™) 297.3 3226
E (%) 5.7 6.7
R? 0.985 0.972
Elovich
a(x10°mgg ' min') 12.9 18.7
b(gmg1) 18.2 224.7
E (%) 0.4 0.4
R? 0.999 0.999

3.3. Kinetic analysis

In the optimal condition for each dye, adsorption kinetics was
investigated. Fig. 4 shows adsorption kinetics of acid blue 9 and
food yellow 3 in this condition.

InFig. 4, the kinetic curves showed that for both dyes, adsorption
was fast, reaching about 85% of saturation in 60 min. Later, adsorp-
tion rate decreased considerably. Fast kinetic is characteristic in
dye-chitosan systems and is desirable in wastewater treatment
because it provides high adsorption capacities in short times. The
kinetics models constants, coefficients of determination and aver-
age relative error are shown in Table 2.

In Table 2, the low values of average relative error (E <0.5%) and
the high values of coefficients of determination (R%>0.99) show
that the Elovich model was the best to represent adsorption kinetic
of both dyes onto chitosan. This suggests that adsorption of both
dyes onto chitosan was controlled by chemiosorption, and chitosan
was covered by superficial layer of the dyes. Similar behavior was
obtained by Wu et al. (2009) in adsorption of reactive red 222
onto chitosan. In their work Elovich model was the best to rep-
resent kinetic experimental data, indicating a chemical interaction
of dye—chitosan.

In order to compare adsorption behavior of both dyes, SEM
and EDS were carried out in chitosan before and after adsorption
process. Fig. 5 shows chitosan before adsorption process, chitosan
adsorbed with acid blue 9, and chitosan adsorbed with food yellow
3. SEM of chitosan before adsorption process, Fig. 5(a), showed that
the surface of unadsorbed chitosan was a typically wrinkled poly-
meric network with irregular pores. In addition a heterogeneous
surface area and porous internal structure were observed. After
adsorption of acid blue 9, (Fig. 5(b)), chitosan pores were not visible.
This shows that a dye thin layer has covered the entire external chi-
tosan surface. In chitosan adsorbed with food yellow 3, (Fig. 5(c)),
the dye had densely and homogeneously adhered to the chitosan
surface.

Energy dispersive X-ray spectrum (EDS) of chitosan before
adsorption process, chitosan adsorbed with acid blue 9 and chitosan
adsorbed with food yellow 3 are showed in Fig. 6.

The results of EDS analysis from an average of scanned points
showed that the elements of chitosan particles are: C, N and O
(Fig. 6(a)). After adsorption process (Fig. 6(b) and (c)), the appear-
ance of S can be observed, due to the trapped dye molecules
which contain sulphonic groups, indicating a chemical interaction
of dye-chitosan. The EDS analysis suggest that the adsorption of
acid blue 9 and food yellow 3 onto chitosan proceeded due to the
electrostatic interactions between dyes sulfonated groups and chi-
tosan protonated amino groups.

4. Conclusion

In this research, food dyes adsorption onto chitosan was
optimized. The optimal process conditions for the acid blue 9
adsorption were pH 3, 60 min and 150 rpm, and for the food yellow
3 adsorption were pH 3, 60 min and 50 rpm. In these conditions,
adsorption capacities values were 210mgg-! and 295mgg-1, for
acid blue 9 and food yellow 3, respectively.

In the optimal condition, adsorption kinetic was evaluated. The
Elovich kinetic model was the best in order to represent experimen-
tal data (R? >0.99 and E < 0.5%). This indicates that chitosan surface
was covered by food dyes and adsorption occurred by chemiosorp-
tion. SEM and EDS analysis indicated the chitosan surface coverage
and interaction between the sulphonate group of the dyes and the
amino group of the chitosan.
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