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a  b  s  t  r  a  c  t

A  chitin  hydrogel  with  concentration  3 wt%  (CG3)  was  successfully  prepared  from  chitin  solution  dis-
solved  in  8 wt%  NaOH/4  wt%  urea  aqueous  system  at low  temperature  by  crosslinking  with  5  wt%
epichlorohydrin.  The  experimental  results  revealed  that  CG3  exhibited  high  efficiency  to  remove  dye
(malachite  green)  from  aqueous  solution,  as  a result  of  their  microporous  structure,  large  surface
area  and  affinity  on  the  dye.  The  equilibrium  process  was  described  well  by  the  Langmuir  isotherm
model,  showing  a monolayer  adsorption.  From  kinetic  experiments,  the  adsorption  process  followed  the
eywords:
hitin hydrogel
alachite green

dsorption

pseudo-second-order  kinetic  model,  indicating  that  the  overall  rate  of  dye  uptake  could  be  controlled
by  external  mass  transfer  at  the beginning  of adsorption,  while  intraparticle  diffusion  controlled  the
overall  rate  of  adsorption  at  a  later  stage.  The  activation  energy  calculated  from  Arrhenius  equation
and the  result  of  SEM  and  FTIR  indicated  that  the  adsorption  of  malachite  green  on the  CG3  was  phys-
ical  process.  This  work  provided  an  attractive  adsorbent  for removing  of  the  hazardous  materials  from
wastewater.

Crown Copyright ©  2012 Published by Elsevier B.V. All rights reserved.
. Introduction

Environmental problems have become a global concern because
f their impact on public health. Nearly 25% of the diseases facing
umans today occur because long-term exposure to environmen-
al pollution, including air, soil, and water pollution [1].  Dyeing
ffluent is one of the largest contributors to textile field and such
astewater has a seriously destructive impact on the human
ealth [2].  Dyes, such as malachite green (MG), have been found
o be useful in many industrial applications, it is highly effective
gainst important protozoal and fungal infections, and aquaculture
ndustries have been using malachite green extensively as a topical
reatment by bath or flush methods. In addition, it is also used as a
ood coloring agent, food additive, and a medical disinfectant and
nthelminthic as well as a dye in silk, wool, jute, and leather cotton,
aper and acrylic industries [3].  To prevent dyes discharge and
ontamination, the removal of dyes from aqueous environment via
arious methods such as advance oxidation [4],  photocatalysis [5],

dsorption [6],  membrane filtration [7],  and coagulation [8],  have
een reported. Among these methods, the adsorption technique

s especially attractive because of its high efficiency, simplicity
f design, and ease of operation [9].  Many adsorbents have been

∗ Corresponding author. Tel.: +86 27 87219274; fax: +86 27 68762005.
E-mail addresses: lnzhang@public.wh.hb.cn, linazhangwhu@gmail.com

L.  Zhang).

304-3894/$ – see front matter. Crown Copyright ©  2012 Published by Elsevier B.V. All ri
oi:10.1016/j.jhazmat.2012.01.010
tested on the possibility to lower dye concentrations from aqueous
solutions, such as activate carbon, clay, peat, chitin, silica, and
others [10,11].

Chitin is an abundant biomacromolecule, existing in different
crustaceans, mollusks, algae, insects, fungi, and yeasts on earth
[12,13]. Because of the linear (1,4)-�-N-acetyl glycosaminoglycan
structure with two hydroxyl groups and an acetamide group, chitin
is highly crystalline with strong hydrogen bonding, and is very diffi-
cult to dissolve in common solvents [14]. This biopolymer has been
extensively investigated as adsorbents for the removal of hazardous
materials from wastewater, and its efficient adsorption potential
can be attributed to high hydrophilicity and high chemical reac-
tivity due to large number of functional groups [15]. Recently, we
demonstrated that NaOH/urea aqueous solution can dissolve chitin
via a freezing/thawing method to obtain chitin solution [16–18].
Moreover, pure chitin hydrogel has been successfully prepared
[14], showing excellent mechanical properties and biocompatibil-
ity. Thus we  are very interested in preparing chitin hydrogel for
wastewater treatment. In this work, we  attempted to prepare novel
adsorbing material – chitin hydrogel through dissolving it in 8 wt%
NaOH/4 wt% urea aqueous solution and then to cross-link it by
epichlorohydrin (ECH) [19,20]. This study reported, for the first
time, the feasibility of chitin as low-cost alternative adsorbent for
malachite green color removal from aqueous solution. The effects of

the initial MG  concentration, reaction temperature and pH on MG
adsorption onto chitin hydrogels were studied. Adsorption kinet-
ics, isotherms and thermodynamic parameters were also evaluated
and discussed.

ghts reserved.
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the contact time, and then gradually increased until equilibrium.
In addition, the curve of the contact time is smooth and continuous
leading to saturation, indicating the possible monolayer coverage
of MG  on the surface of the sorbent [27].
H. Tang et al. / Journal of Hazardo

. Experimental

.1. Materials

Chitin was supplied by Zhejiang Golden-Shell Biochemical Co.,
td., China. The weight-average molecular weight (Mw) of chitin,
as measured by dynamic light scattering (DLS, ALV/CGS-8F, ALV,
ermany) in 5% LiCl/DMAc (w/w), were 5.0 × 105 [14]. Its degree of
cetylation (DA) was calculated to be 95% from the nitrogen content
ccording to DA = 1 − [(WC/WN − 5.14)/1.72] × 100%, where WC/WN

s the ratio of carbon to nitrogen. Epichlorohydrin (ECH) (1.18 g/mL)
as of analytical-grade, and was used without further purification.
ll of the chemical agents including H2SO4, NaOH, HCl, Pb(NO3)2,
gCl2, CuSO4·5H2O were of analytical grade and were purchased

rom commercial sources in China.

.2. Preparation of chitin hydrogels

To prepare the chitin solutions, 3 g chitin was immersed in 97 g
f 8 wt% NaOH/4 wt% urea/88 wt% water and stored under refrig-
ration (−20 ◦C) for 8 h, then resultant frozen solid was thawed
nd stirred extensively at room temperature. The freezing/thawing
ycle was repeated three times to obtain a transparent chitin solu-
ion, with polymer concentration of 3%. Subsequently, 0.05 mL ECH
s cross-linker was added to 1 g of the chitin solution, stirred at
oom temperature for 0.5 h to obtain a homogeneous solution, and
hen kept at room temperature for 1 h to transform into hydrogels.
inally, the hydrogels were immersed in distilled water for 3 days
o remove NaOH and urea. The chitin hydrogel samples were coded
s CG3, according to the chitin concentration of 3 wt%.

.3. Characterization

FTIR of the CG3 sample before and after dye adsorption was
ecorded with a spectrum one FTIR Spectrometer (model 1600,
erkinElmer Co., USA). Pressed pellets were prepared by grinding
he powder specimens with KBr in an agate mortar.

The surface and fracture section of the CG3 sample were
bserved by using a scanning electron microscope (SEM, Hitachi, S-
70, Japan). CG3 was frozen directly in liquid nitrogen, immediately
napped, and then freeze-dried under vacuum. The cross-section
f the CG3 was coated with carbon and gold, to be observed and
hotographed.

.4. Adsorption studies

The efficiency of the removal of MG  from aqueous solutions by
G3 was studied recording to the adsorption isotherms, kinetic
xperiments and effects of pH. Adsorption isotherms were mea-
ured by using batch equilibrium method. Adsorption experiments
ere carried out in 250 mL  beakers containing 40 mL  with differ-

nt MG concentrations for 48 h. Concentrations of MG  in aqueous
olution were from 0.2 to 1.4 mmol  L−1. To each beaker, the same
mount of CG3 (weight = 10 g) was added, and then all the beakers
ere sealed to minimize evaporation.

The concentration of MG in the aqueous solutions was deter-
ined with UV spectrophotometer. The amount of MG  adsorbed

n CG3 was calculated by the following equation [21]:

e = (c0 − ce)V
W

(1)
here qe is the amount of MG adsorbed onto the unit amount of the
G3 (mmol  g−1), c0 is the initial concentration of MG (mmol L−1),
e is the final or equilibrium concentration of MG  (mmol  L−1), V is
he volume of MG  solution (L) and W is the weight of CG3 (g).
terials 209– 210 (2012) 218– 225 219

Kinetic experiments were performed by using different beakers
containing around 10 g of CG3 in 40 mL of the dye solution
(0.8 mmol  L−1). At desired time intervals, the remaining amount
of dye in the aqueous solution was  then determined by UV spec-
trophotometery.

To study the effect of pH on the dye removal by CG3, the experi-
ments were carried out at different pH ranging from 3 to 10. Tested
samples were prepared by adding 10 g of CG3 to 40 mL  of a dye solu-
tion (0.8 mmol  L−1), pH was  adjusted by using NaOH or HCl, and the
pH was regularly measured. After 48 h, the resultant solutions were
analyzed. In order to obtain thermodynamic parameters, the same
procedures were also performed at the solution temperatures of
283, 293 and 303 K.

3. Results and discussion

3.1. Effect of pH on adsorption of MG  onto CG3

The influence of pH on the MG  adsorption onto CG3  was  stud-
ied while the MG concentration and adsorption time were fixed
at 0.8 mmol  L−1 and 20 h, respectively. Fig. 1 shows the effect of
pH on equilibrium adsorption of the MG dye on the CG3. The
results revealed that the physical adsorption occurred between
pH 3 and 7, and the equilibrium adsorption of the MG dye on
the CG3 achieved to maximum at pH 7. At pH less than 3 there
was  very small amount of removal of dye by the adsorbent. It
can be explained by the fact that at this acidic pH, H+ may  com-
pete with dye ions for the adsorption sites of adsorbent, formed
MGH+2 species [21–23],  thereby inhibiting the adsorption of dye.
Above the pH value of 8, the adsorbed amount of MG  was slightly
higher that at pH 7, and remained almost constant. However, this
was  as a result of the interaction between cationic MG  and the
hydroxyl ions in the aqueous solution [24], leading to the weaken-
ing of the MG  color due to the producing white precipitate of MG
[25,26].

3.2. Effect of contact time on adsorption of MG  onto CG3

Fig. 2 shows the dependence of the qe value of MG  for adsorption
onto CG3 versus the contact time at different initial concentrations.
The qe increased rapidly in the initial stages with an increase of
Fig. 1. The effect of pH on the MG adsorption into CG3 at 283, 293 and 303 K.
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Fig. 2. The effect of contact time on the MG adsorption into CG3 at 283, 293 and
303  K.
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Fig. 3. Adsorption isotherms of MG on CG3 at 283, 293 and 303 K.

.3. Adsorption isotherms

Adsorption isotherm expressed the relationship between the
ass of dye adsorbed at constant temperature per unit mass of

he sorbent and the liquid phase dye concentration. To quantify
he sorption capacity of sorbent for MG sorption, two-parameter
quations namely Langmuir and Freundlich have been adopted in
his work. Fig. 3 shows the MG sorption isotherms at 283, 293
nd 303 K, respectively. The results indicated that the qe values
ncreased slightly with an increase of dye concentration. For exam-
le, the qe values of CG3 increased from 0.006 to 0.036 mmol  g−1,
hereas the dye concentration increased from 0.2 to 1.4 mmol  L−1

t 303 K. The amount of MG adsorbed on CG3 was raised by increas-
ng temperature.

The Langmuir isotherm model is valid for monolayer adsorp-

ion onto a surface with a finite number of identical sites. It is
epresented in the following form [28]:
1
qe

= 1
qmax

+ 1
qmaxb

1
ce

(2)

able 1
angmuir and Freundlich parameters for MG  adsorption into CG3.

Langmuir parameters 

qmax (mmol  g−1) b (L mmol−1) R2

283 K 0.058 2.77 0.9
293  K 0.081 2.5 0.9
303  K 0.092 2.15 0.9
Fig. 4. Langmuir isotherms (a) and Freundlich isotherms (b) for MG adsorption on
CG3 at different temperatures.

where qmax is the maximum adsorption at monolayer coverage
(mmol  g−1) and b is the Langmuir adsorption equilibrium constant
(L mmol−1), reflecting the energy of adsorption.

The Freundlich isotherm model is an empirical equation assum-
ing that the adsorption process takes place on heterogeneous
surfaces. It is represented in the following form [28]:

ln qe = 1
n

ln ce + ln KF (3)

KF and 1/n  are the Freundlich characteristic constants, indicating
adsorption capacity and adsorption intensity, respectively.

Fig. 4a shows Langmuir isotherms for MG adsorption. The cal-
culated results of Langmuir isothermal adsorption parameters for
the adsorption of MG  are summarized in Table 1. The qmax val-
ues gave approximate evaluation of the adsorption amount of MG

on the CG3. It was  revealed that the CG3 adsorbent exhibited high
adsorption capacity for the MG organic dye in the aqueous solution.

Fig. 4b shows Freundlich (Fig. 5b) isotherms for MG  adsorption.
The Freundlich constant (1/n) is related to the sorption intensity

Freundlich parameters

1/n  KF (mmol g−1) R2

965 0.66 0.018 0.9984
936 0.59 0.010 0.9648
973 0.69 0.017 0.9755
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Table 2
Kinetic parameters for MG adsorption into CG3 at different temperatures.

283 K 293 K 303 K

The pseudo-first-order
k1 (h−1) 208 26.02 5.04
q1 (mmol  g−1) 0.045 0.011 0.074
R2

1 0.9934 0.9815 0.9875

The  pseudo-second-order
k2 (g mmol−1 h−1) 0.11 0.19 0.57
q2 (mmol  g−1) 0.021 0.025 0.027
R2

2 0.9996 0.9993 0.9997

Intraparticle diffusion
kp (mmol  g−1 h−0.5) 0.103 0.095 0.067
ig. 5. Intra-particle diffusion plots for MG adsorption at different temperatures.

f the sorbent. When, 0.1 < 1/n  ≤ 0.5, adsorption is wonderful;
.5 < 1/n  ≤ 1, it is easy to adsorb; 1/n  > 1, there is difficult to adsorb
29]. As shown in Table 1, the 1/n  was 0.66 at 283 K; 0.59 at 293 K;
.69 at 303 K. The 1/n  value of MG lied in the range from 0.5 to 0.7

ndicating that MG  could be easily to be adsorbed on the CG3. The
G adsorptive behavior on CG3 was better fitted by Langmuir equa-

ion under the concentration range studied (correlation coefficient,
2 > 0.99). It indicated that MG adsorbed on CG3 as a monolayer
dsorption.

.4. Adsorption kinetics

The research of adsorption kinetics describes the dye uptake
ate and evidently this rate controls the residence time of adsorbent
ptake at the solid-solution interface [30]. In our findings, several
inetic models including the pseudo first order equation, pseudo
econd order equation, intra-particle diffusion model and Bangham
odel were applied to find out adsorption mechanism.

.4.1. The pseudo-first order equation and the pseudo-second
rder equation

The process of dye removal from aqueous phase by a certain
dsorbent may  be represented by pseudo-first-order kinetics or
seudo-second-order kinetics [31,32].

The pseudo-first-order kinetic equation is expressed in the
orm:

1
qt

=
(

k1

q1

)  (
1
t

)
+ 1

q1
(4)

The pseudo-second-order kinetic equation is expressed in the
orm:

t

qt
= 1

k2q2
2

+
(

1
q2

)
t (5)

here qt is the amount of MG  adsorbed (mmol  g−1) on CG3 at var-
ous time t, q1 the maximum adsorption capacity (mmol  g−1) for
he pseudo first order adsorption, k1 the pseudo-first-order rate
onstant for the adsorption process (h−1), q2 the maximum adsorp-
ion capacity (mmol  g−1) for the pseudo-second-order adsorption,
2 the rate constant of pseudo-second-order for the adsorption
g mmol−1 h−1). The k1, k2, q1, q2 and correlation coefficients R2

1

nd R2

2 of MG  under different conditions were calculated from these
lots, and are given in Table 2. The values of adsorption capacity,
2, calculated from the pseudo-second-order kinetic equation are
ore close to the values observed experimentally, qe than q1. In
C  (mmol  g−1) 0.012 0.03 0.036
R2

p 0.9871 0.9889 0.9848

addition, the coefficients (R2
1) for pseudo-first-order kinetic model

are between 0.9815 and 0.9934 and the correlation coefficients
(R2

2) for pseudo-second-order kinetic model are between 0.9993
and 0.9997. From these results, the adsorption system obeys the
pseudo-second-order kinetic model [33].

3.4.2. Intra-particle diffusion model
Adsorption is a multi-step process involving transport of solute

molecules from the aqueous phase to the surface of the solid par-
ticles of adsorbent, and then diffusion of the solute molecules into
the interior of the pores, which is likely to be a slow process, and is
therefore, rate determining. The intra-particle diffusion parameter,
kp (mmol  g−1 h−0.5) is defined by equation

qt = kpt0.5 + C (6)

where kp is the intra-particle diffusion rate constant
(mmol  g−1 h−0.5) and C is a constant. According to this model
qt versus t0.5 should be linear if intra-particle diffusion is involved
in the adsorption process [34]. The plot of qt against t0.5 may
present a multi-linearity correlation, which indicates that three
steps occur during adsorption process. The first sharper portion is
transport of dye molecules from the bulk solution to the adsorbent
external surface by diffusion through the boundary layer (film
diffusion). The second portion is the diffusion of the dye molecules
from the external surface into the pores of the adsorbent. The third
portion is the final equilibrium stage, where the dye molecules
were adsorbed on the active sites on the internal surface of the
pores and the intra-particle diffusion starts to slow down due
to the solute concentration getting lower and lower in solution
[35,36].

In Table 2, the correlation coefficients (R2
p) for the intra-particle

diffusion model were between 0.9848 and 0.9871, indicating that
the intra-particle diffusion was  not the only rate controlling step,
other process could control the rate of adsorption. From Eq. (6),
if pore diffusion is the rate limiting step, then a plot of qt against
t0.5 must give a straight line with a slope that equals kp and the
intercept value c represents the resistance to mass transfer in the
external liquid film.

Fig. 5 shows the pore diffusion plot of MG adsorption on CG3.
Clearly, the plots are multilinear, containing at least three linear
segments. The linear portions of curves did not pass through the
origin, suggesting that pore diffusion is not the step controlling
the overall rate of mass transfer at beginning of adsorption. The
boundary layer effect may  control the rate of mass transfer in the
time period of the first linear segment, this conclusion could be
corroborated by the analysis of data from Boyd’s model [37–39].
The model of Boyd is expressed as:

F = 1 − 6
�2

exp(−Bt) (7)
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Table 3
Thermodynamic parameters for adsorption of MG  into CG3.

Temperature (K) �H◦ (KJ mol−1) �S◦ (J mol−1 K−1) �G◦ (kJ mol−1)

283 K 20.99 80.1 −1.89
293 K −2.52
303 K −3.3

(8.314 J mol K ), T absolute temperature (K). The activation
energy (Ea) can be calculated from Arrhenius equation, which is
used to determine the type of adsorption. As shown in Fig. 8, the
Ea for MG adsorption on CG3 was 37.18 kJ mol−1. Generally, low
Fig. 6. Boyd plots for MG  adsorption at different temperatures.

here F is the fractional attainment of equilibrium, at different
imes, t, and Bt is a function of F

 = qt

qe
(8)

here qt and qe are the dye uptake (mmol  g−1) at time t and at
quilibrium, respectively.

Eq. (7) can be rearranged to

t = −0.4977 − ln(1 − F) (9)

Fig. 6 shows the values of Bt were calculated from Eq. (9) and
lotted against time t. The linearity of this plot can provide available

nformation to distinguish intra-particle diffusion and boundary
ayer effect (film diffusion) rates of adsorption. If a plot of Bt versus

 is a straight line passing through the origin, then adsorption will
t layer effect. The plots are linear only in the initial period of
dsorption and do not pass through the origin, indicating that exter-
al mass transfer is the rate limiting process in the beginning of
dsorption and then is the intra-particle diffusion.

.5. Thermodynamic parameters of adsorption

Both enthalpy and entropy are the key factors to be considered in
ny process design [40]. It is essential to clarify the change of ther-
odynamic parameters to evaluate the feasibility and endothermic

ature of the adsorption process, such as standard free energy
�G◦), enthalpy change (�H◦), and entropy change (�S◦). Gibbs
nergy change, �G◦ are estimated by applying thermodynamic
quation [41].

G◦ = −RT ln Kd (10)

The van’t Hoff equation can be used to calculate the values of
H◦ and �S◦;

n Kd = �S◦

R
− �H◦

RT
(11)

here Kd is the equilibrium constant at temperature T, R gas con-
tant (8.314 J mol−1 K−1), T absolute temperature (K). The Gibbs free
nergy indicates a spontaneous and favorable adsorption process.
s shown in Table 3, the values of �G◦ for adsorption of MG  were
1.89, −2.52 and −3.3 kJ mol−1 at 283, 293 and 303 K. The �G◦

alue is negative at all studied temperatures, inferring that the

dsorption of MG  on CG3 would follow a spontaneous and favorable
rend. The �G◦ value decreased with an increase in the temperature
rom 283 K to 303 K. This revealed an increase in adsorption of MG
ith increasing temperature [42]. In addition, more energetically
Fig. 7. van’t Hoff plot for MG adsorption on CG3.

favorable adsorption occurred 303 K [43]. �H◦ and �S◦ were calcu-
lated from the slope and intercept of van’t Hoff plots of ln Kd versus
1/T. From Fig. 7, the �H◦ and �S◦ values were 20.99 kJ mol−1 and
80.1 J mol−1 K−1, respectively. The positive value of �H◦ suggested
the endothermic nature of the adsorption process. The positive
value of �S◦ suggested good affinity of MG towards the CG3 and
increased randomness at the solid-solution interface [44].

Arrhenius equation is expressed as below

ln k2 = ln A − Ea

RT
(12)

where k2 is the rate constant of pseudo-second order adsorp-
tion (g mg−1 h−1), A the Arrhenius factor, R gas constant

−1 −1
Fig. 8. The Arrhenius plot for MG adsorption on CG3.
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Fig. 9. SEM photographs of the CG3 (cross-section) before (a) and after (b) adsorption of MG.
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FTIR spectrum is a useful tool to identify hydrogen bonding.
The FTIR spectra (500–4000 cm−1) of the CG3 before and after
adsorption are shown in Fig. 11.  Usually, the major peak for
Fig. 10. Photograph of the CG3 (a), the adsorption p

ctivation energies (5–40 kJ mol−1) are characteristic of physical
dsorption, while high ones (40–800 kJ mol−1) suggest chemisorp-
ions [45]. Therefore, the physical adsorption mechanism occurred
ere, and there was an energy barrier in the adsorption process
3,46].

.6. Adsorption interaction between molecules

SEM is one of the most widely used surface and cross-section
iagnostic tools. Fig. 9 shows SEM photographs of the CG3 (cross-
ection) before (a) and after (b) adsorption of MG.  The SEM results
isplayed well-defined, interconnected, three-dimensional porous
tructures with significant micropores with mean size of 20 �m.
oticeably, these pores had regular and very thin wall before
dsorption of MG,  suggesting the orderly aggregate of chitin chains.
he chitin having semi-stiff molecular chain played an important
ole in enhancing the strength of hydrogel. Namely, the relative
tiff chitin chains were contributed to support the pore wall to
ncage many MG,  whereas their OH and NHCOCH3 groups acted
s adsorbent of MG.  The pore size of CG3 after adsorption (Fig. 9b)
as obviously smaller than before (Fig. 9a). It was  indicated that the
alachite green was filled in the pore via an intermolecular inter-

ction. It was not hard to imagine that the porous chitin matrix was
ery suitable for the sorption of malachite green. There was a tight

inding between the dye and the adsorbent [3,24].

The pictures of the adsorption process of the dyes are shown
n Fig. 10.  The CG3 was very transparent (Fig. 10a), after 16 h, the

astewater changed to be almost colorless (Fig. 10b and c). The
s before (b) and after adsorption of MG  (c) at pH 7.

dyes MG  could be adsorbed by the CG3 within 4 h, supporting
the strong interaction between chitin and MG.  The results demon-
strated that the CG3 could purify water effectively to remove the
MG.
Fig. 11. FTIR spectra of CG3 before (a) and after (b) adsorption of MG.
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hitin are located at around 3430 cm−1 for O H stretching vibra-
ion, 3260 cm−1 for N H stretching vibration, 1660 cm−1 (amide
), 1623 and 1557 cm−1 (amide II) correspond to N H bending
ibrations [47]. Interestingly, MG-loaded CG3 exhibited charac-
eristic changes of the hydroxyl groups and the acetyl groups,
hich shifted from 3430, 1660 (amide I) and 1560 cm−1 (amide

I) before malachite green adsorption to 3420, 1670 and 1585 cm−1

fter adsorption. The small band at 3258 cm−1 was  due to stretch-
ng vibration of N H groups, which disappeared exactly in the
pectrum of Chit-MG. These changes could be owing to strong inter-
ction of MG with OH groups and acetyl groups. The bands at
890 cm−1 and 1388 cm−1 shown in Fig. 11 are assigned to the C H
tretching and bending vibration of polymer backbone, respec-
ively. There was significant decrease for the bands in the spectrum
f malachite green, and the bands were shifted from 2890, 1388
o 2876, 1380 cm−1. This can be considered as the evident for the
nteraction between chitin and MG.

. Conclusion

The CG3 absorbent was successfully prepared in 8 wt%
aOH/4 wt% urea aqueous solution via a freezing/thawing method

o dissolve chitin, and then by crosslinking with 5 wt%  epichlorohy-
rin. CG3 exhibited microporous structure, large surface area and
ffinity on malachite green, leading to the high uptake capacity
f dye. The relative stiff chitin chains were contributed to sup-
ort the pore wall to encage many MG,  whereas their OH and
NHCOCH3 groups acted as adsorbent of MG,  leading to the attrac-

ive adsorption for removing of MG wastewater. Moreover, the
dsorption of MG  was dependent on initial concentration, reaction
emperature and pH. The MG  adsorption capacity increased with
he increase of pH in the range of 3–8, where physical adsorption
ccurred. The adsorption equilibrium could be well described by
angmuir adsorption isotherms, namely monolayer adsorption on a
omogenous surface. The activation energy calculated from Arrhe-
ius equation and the result of SEM and FTIR indicated that the
dsorption of malachite green on the CG3 was further confirmed to
e physical process. Thermodynamic results indicated that process
as spontaneous and endothermic.
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