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ABSTRACT: A porous magnetic quaternary chitosan salt (pre-CS/EPTAC/Fe;0,) was successfully prepared via a kind of novel method
of preadsorption and desorption. The physicochemical properties of pre-CS/EPTAC/Fe;O, were characterized by Fourier transform
infrared spectroscopy, scanning electron microscopy, and vibrating sample magnetometry. The adsorption of pre-CS/EPTAC/Fe;O,
for methyl orange (MO) showed much higher dye uptakes compared with Npre-CS/EPTAC/Fe;O, without the preadsorption and
desorption of MO, and the maximum adsorption capability for MO was 486.1 mg/g. Adsorption isotherms and adsorption kinetics
were well fitted by the Freundlich isotherm model and the pseudo-second order model, respectively. Thermodynamic parameters,
such as the standard free energy change, enthalpy change, and entropy change, were also calculated; this indicated that the adsorption
was spontaneous and exothermic. The introduction of MO preadsorption and desorption into the process of preparation improved
not only the adsorption of MO but also the adsorption of acid red 1 and orange G. Furthermore, pre-CS/EPTAC/Fe;O, particles
could be easily regenerated and remained almost constant (98.5%) for six cycles of adsorption and desorption. © 2016 Wiley Periodicals,
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INTRODUCTION

Azo dyes with properties of strong chemical stability, carcino-
genesis, teratogenesis, and mutagenesis are major pollutants
found in the effluents of the textile, plastic, article, leather, and
cosmetic industries.' Many azo dyes are difficult to degrade
because of their complex molecular structure and toxicity.>” So,
very small amounts of azo dyes not only cause greatly visible
color in water bodies and disturb biological processes but also
damage humans through mutagenic and carcinogenic effects.*
To control water pollution and alleviate the water crisis, the
removal of azo dyes has been paid more and more attention.

There are many kinds of techniques used for the treatment of dye-
containing wastewater; these include biological treatment,” coagu-
lation/flocculation,® chemical oxidation,” photocatalytic degrada-
tion,® ion exchange,” membrane filtration,'® and adsorption.''
Among the various techniques for dye removal from wastewater,
adsorption is an effective and economical method because of its
significant advantages of high flexibility, high efficiency, ease of
operation, low operating cost, and lack of secondary pollution.'?

Many materials are used to adsorb dye wastewater, including
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active carbon,'” resins,'"* zeolites,'"” and clays.'® However, they
have some disadvantages, such as a low adsorption capacity, long
adsorption time, and separation inconvenience; this limits their
applications in dye wastewater treatment.

Chitosan (CS), the N-deacetylated derivative of chitin, has a good
biocompatibility, lack of toxicity, and biodegradability.'” Because
chitosan contains a large number of reactive hydroxyl (—OH)
groups and amine (NH,) groups, it exhibits good potential for
anionic dye adsorption.'®'? Nevertheless, as the adsorption mate-
rial, chitosan is easy to lose, has a low mechanical strength, and
has a poor regenerative ability in actual applications; this limits its
widespread application.’” The combination of chitosan or its
derivatives with magnetic materials to a certain extent not only
has excellent adsorption performance, but also will give the mate-
rial certain mechanical strength, resistance to acid alkali and mag-
netic responsiveness.”**> Most of the literature has focused on the
preparation of magnetic chitosan with ordinary crosslinking
methods®>** and the surface modification of magnetic chito-
san.>*° In our previous work,”” magnetic quaternary chitosan
particles were prepared through inverse suspension crosslinking
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with Fe;O, as the nucleus and glutaraldehyde as the crosslinking
agent. The obtained magnetic quaternary chitosan material
showed good performance in azo dye adsorption.

In this study, to improve the adsorption rate and adsorption
capacity of the magnetic quaternary chitosan, a novel method
of preadsorption and desorption of methyl orange (MO) was
introduced into the process of preparation to gain a kind of
porous magnetic quaternary chitosan material (pre-CS/EPTAC/
Fe;0,). The preparation conditions, characterization, adsorption
properties for MO in aqueous solution, and regenerability of
pre-CS/EPTAC/Fe;0O, were studied and discussed. These
research results could provide new insights into the preparation
of advanced adsorbents.

EXPERIMENTAL

Materials

Chitosan, with a deacetylation degree of 94.68%, was purchased
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). MO
(C14H14N3S0;Na, (maximum absorption wavelength) 4. = 465 nm),
acid red 1 (AR1; CigHi3N; NaOgS), Ama = 505nm), and orange G
(OG; C16H10NoNa,04S5, Amax = 478 nm) were purchased from Alad-
din Reagent Co., Ltd. (Shanghai, China). All other chemical
reagents were AR-grade reagents.

Preparation of Pre-CS/EPTAC/Fe;0,

Magnetic quaternary chitosan salt with preadsorption and
desorption (pre-CS/EPTAC/Fe;0,) was prepared with a molar
ratio of CS/EPTAC to Fe;0, of 2:1 by the suspension crosslink-
ing technique. Briefly, quaternary chitosan salt (CS/EPTAC, sub-
stitution degree =0.98) was obtained by the reaction of
chitosan with 2,3-epoxypropyl trimethylammonium chloride
(EPTAC). Fe;O4 was prepared by coprecipitation.”® Then, 0.2 g
of CS/EPTAC was dissolved in 20 mL of distilled water, and a
specified amount of Fe;O, was added to this solution. After
ultrasonic dispersion, a certain amount of MO was added and
mixed for 1h with stirring. Then, 50 mL of liquid paraffin and
2.5mL of Span80 were added. The mixture was stirred for
30min at 30 °C. Afterward, 3.0mL of 50% v/v glutaraldehyde
was added as a crosslinker, and the mixture was continuously
stirred for 2.5h at 60 °C. Finally, the magnetic quaternary chito-
san salt was purified by magnetic field separation, washed with
petroleum ether, ethanol, 0.1 mol/L sodium hydroxide solution,
and distilled water in turn for the removal of the organic
solvent and the residual MO. The products were dried in vacuo
at 40 °C for 24h. For comparison, CS/EPTAC/Fe;O, without
preadsorption and desorption (Npre-CS/EPTAC/Fe;O4) was
prepared under identical conditions.

Characterization of Pre-CS/EPTAC/Fe;0,

The IR spectra of the samples were obtained with Fourier trans-
form infrared (FTIR) spectroscopy (IFS55, Bruker, Germany),
and the bands were changed from 4000 to 400 cm™'. The surface
morphology was analyzed with scanning electron microscopy
(SEM; SSX-550, Shimadzu, Japan). The samples were coated with
a thin gold layer. The magnetic properties were measured on
with vibrating sample magnetometry (VSM; MPMS-7, Quantum
Design) at room temperature (298 K).
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Batch Adsorption Experiments

Adsorption Kinetics, Isotherms, and Thermodynamics. Batch
adsorption experiments were carried out in 150-mL flasks.
According to the previous research conclusions,” a certain con-
centration range of MO solutions at pH 3.0 were prepared. Then,
20 mg of adsorbent was immersed in a 50-mL solution. The solu-
tions were oscillated in incubator shakers with a 150-rpm shaking
speed. Thus, the adsorption kinetics and adsorption isotherms
were studied at 298 K. At specified time intervals, the dye con-
centrations before and after adsorption were measured with an
ultraviolet—visible spectrophotometer (UV2000, Unico Co., Ltd.,
China), and the adsorbents were collected by a magnetic field.

The equilibrium adsorption capacity (Qe mg/g) and removal
rate (RR; %) were calculated according to egs. (1) and 2%%

Q.- (Co—C.)V W
m

RR= (CO_CE)V (2)
m

where Cy and C, are the initial and equilibrium concentrations
of the dye in the solution (mg/L), respectively; V is the volume
of the solution (mL); and m is the mass of adsorbent (g).

To obtain the thermodynamic parameters, adsorption experi-
ments were conducted further at 298, 308, and 318 K. Mean-
while, the other conditions were unchanged. After adsorption for
120 min, the dye concentrations were measured via ultraviolet—
visible spectrophotometry.

Adsorption for Other Azo Dyes. The adsorption for ARl and
OG were carried out in 150-mL flasks at 298 K. Dye solutions
(50 mg/L) at pH 3.0 were prepared. Then, 20 mg of pre-CS/EPTAC/
Fe;0, and 20mg of Npre-CS/EPTAC/Fe;0, were immersed in
50-mL solutions, respectively. The solutions were oscillated in incu-
bator shakers with a 150-rpm shaking speed for 120 min. At speci-
fied time intervals, the dye concentrations before and after
adsorption were analyzed.

Recycling Experiments. The recovering and recycling experi-
ments were performed at 298 K on the basis of the dye adsorp-
tion differences under different pH conditions. The dyes loaded
by pre-CS/EPTAC/Fe;O,4 were recovered with 20% NaOH aque-
ous solutions in incubator shakers with a 150-rpm shaking
speed for 24 h. Then, the regenerated adsorbents underwent the
next adsorption cycle. The adsorption—desorption of the MO
dye was conducted for six cycles.

RESULTS AND DISCUSSION

Characterization

FTIR Analysis. The FTIR spectra of Npre-CS/EPTAC/Fe;0, and
pre-CS/EPTAC/Fe;0, are shown in Figure 1. The FTIR spectra
of in Figure 1(a) and 1(b) were very similar; this indicated that
the preparation process did not destroy the major function
groups of CS/EPTAC/Fe;0,. A characteristic strong and broad
band appeared around 3400cm ™' (in all of the spectra) corre-
sponded to the combination of —OH stretching vibrations,
N—H extension vibrations, and the interhydrogen bonds of
polysaccharides. The spectra of Npre-CS/EPTAC/Fe;0, exhib-
ited the typical peak for the —CHj deformation vibrations of
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Figure 1. FTIR spectra of (a) Npre-CS/EPTAC/Fe;0, and (b) pre-CS/
EPTAC/Fe;0,.

the quaternary ammonium group at 1460 and 1680cm™; the
peak at 2900 cm ™' was attributed to the —CHj stretching vibra-
tions, and this basically coincided with the literature.® As shown

c.0.2 mmol of MO ;

— %

Figure 2. SEM of pre-CS/EPTAC/Fe;O, with different amounts of pread-
sorption and desorption.
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H-Magnetic field intensity (kOe¢)
Figure 3. VSM of pre-CS/EPTAC/Fe;0, and Fe;O,.

in Figure 2(b), the intensities of these bands decreased after pread-
sorption and desorption: this result confirmed the interaction of
MO and these groups. The peak appearing at a wavelength close
to 568cm” ' was assigned to Fe—O stretching vibrations in
Fe;0,%Y; this confirmed the presence of Fe;O, in pre-CS/EPTAC/
Fe;0,.

SEM Analysis. Figure 2 shows the SEM images of pre-CS/EPTAC/
Fe;0, under different amounts of MO of preadsorption and
desorption. It was obvious that in the surface morphology of dif-
ferent adsorbents existed obvious differences with the changes in
the amount of MO. Without MO [Fig. 2(a)], the sizes of the
adsorbent particles were small, and the surface had no obvious
cavities under an electron microscope. With the increase in MO
amount, the adsorbent particles size also gradually increased, and
the surfaces of particles had a lot of cavities. Among them, when
the addition amount of MO was 0.2 mmol [Fig. 2(c)], the cavities
on the particle surface were relatively regular and similar to a
honeycomb. These adsorbent particles had a better dye adsorption
performance, as discussed later.

VSM Analysis. Saturation magnetization is a crucial factor for
successful magnetic separation. The saturation magnetization
curves of Fe;O, and pre-CS/EPTAC/Fe;0, are displayed in
Figure 3. Obviously, the zero remanence and coercivity were
close to zero; this indicated that pre-CS/EPTAC/Fe;O, and
Fe;0, were superparamagnetic. The saturation magnetization
value of pre-CS/EPTAC/Fe;O, (11.0 emu/g) at room tempera-
ture was lower than that of Fe;0, (74.3 emu/g). The reason was
ascribed to the low content of Fe;O, in pre-CS/EPTAC/Fe;0,.
Moreover, under the action of a magnetic field, pre-CS/EPTAC/
Fe;O,4 could have been completely attracted toward the magnet
from the aqueous solution within a few seconds. The result
suggests that in comparison with the adsorbent separated from
water by gravity, pre-CS/EPTAC/Fe;0, showed significantly
improved the separation and collection properties with a
magnetic field.

Removal of MO and Other Azo Dyes

Adsorption Comparisons of the Adsorbents with Different
Amounts of Preadsorption and Desorption. The adsorbents
with different preadsorption and desorption amounts of 0.0, 0.1,
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Figure 4. (a) Adsorption effect of the adsorbents with different preadsorp-
tion amounts of MO and (b) adsorption rate comparisons of pre-CS/
EPTAC/Fe;0, (with a 0.2 mmol preadsorption amount of MO) and
Npre-CS/EPTAC/Fe;0, for MO at 298 K. Adsorbent dose =20 mg, initial
MO concentration = 50 mg/L, solution volume = 50 mL, pH 3.0, and con-
tact time = 120 min.

0.2, and 0.3 mmol MO were prepared in accordance with the pre-
vious method. The adsorption comparisons of MO onto the
adsorbents were carried out with pH 3.0 at an initial MO concen-
tration of 50mg/L and an adsorbent dose of 20mg/50mL for
120 min. Figure 4(a) clearly showed a sharp increase in Q. with
increasing MO amount from 0.0 to 0.2 mmol, and a slight
decrease in Q. with increasing MO amount from 0.2 to 0.3 mmol.
The result indicates that the optimum uptake was acquired at 0.2
mmol and the maximum Q, was found to be 139.8 mg/g. In addi-
tion, the adsorption rate curves of pre-CS/EPTAC/Fe;O, (with a
0.2-mmol preadsorption amount of MO) and Npre-CS/EPTAC/
Fe;O, are shown in Figure 4(b). It was obvious from our observa-
tions that the adsorption of MO onto pre-CS/EPTAC/Fe;0,
approached equilibrium at 20 min and remained constant for the
following 120 min; this was much faster than Npre-CS/EPTAC/
Fe;0, (120 min). The removal rate of adsorption equilibrium of
pre-CS/EPTAC/Fe;0, (98.8%) was higher than that of Npre-CS/
EPTAC/Fe;0, (84.6%). From the previous discussion of SEM, the
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increased the

adsorbent-specific surface area and further improved the absorp-

tion performance.

Adsorption Kinetics. The adsorption kinetic curves

were

obtained at pH 3.0 and Cy’s of 20, 40, 60, and 80 mg/L. Figure 5
shows the adsorption kinetic curves of MO onto pre-CS/

EPTAC/Fe;O,. We found that the adsorption
onto pre-CS/EPTAC/Fe;0, was relatively fast.
increased sharply from 0 to 20min and
decreased until the adsorption equilibrium
120 min). Additionally, an obvious increase in

process of MO
The adsorption
then gradually
approached (at
the initial con-
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centrations of MO extended the adsorption equilibrium times;
this suggested the dye concentration was also an important fac-
tor influencing the adsorption rate. To obtain the adsorption
information of MO onto pre-CS/EPTAC/Fe;0,, pseudo-first-
order [eq. (3)] and pseudo-second-order [eq. (4)] were used to
fit the experimental data. The linear forms of the two models
are expressed as follows®*:

K
lg(Qe= Q)= 5= +1gQ. 3)
i:it-i-; (4)
o o' ke

where Q, is the dye amount adsorbed at time ¢ (mg/g); K;
(min~") and K, (g-mg_l-min_l) are the rate constants of
pseudo-first-order and pseudo-second-order models, respectively;
and t is the time (min).

The linearized forms of pseudo-first-order and pseudo-second-
order kinetics model are given in Figure 6. Table I shows the fit-
ting results obtained from two models. As indicated in Table I,
the correlation coefficients (R%s) of the pseudo-second-order
model (0.9992-0.9998) were higher than those of the pseudo-
first-order model (0.8576-0.9610). The measured equilibrium
adsorption capacity values of Q. (49.4, 97.9, 145.5, and
187.2mg/g) obtained through the experiments were close to the
values of Q. (50.2, 101.0, 151.5, and 196.1 mg/g) calculated with
the pseudo-second-order model equation. Thus, the pseudo-
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Figure 5. Adsorption curves for different concentrations of MO on pre-
CS/EPTAC/Fe;O4 at 298 K. Adsorbent dose=20mg, solution volu-
me = 50mL, pH 3.0, and contact time = 120 min.
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Figure 6. Pseudo-first-order and pseudo-second-order for the adsorption
of MO on pre-CS/EPTAC/Fe;O, at 298 K.

second-order model was suitable for describing the adsorption
kinetic behavior. In addition, K, decreased gradually with
increasing MO concentration. This may have been because the
adsorption competition of MO molecules at lower concentra-
tions was smaller than the competition at higher concentrations.
Consequently, the adsorption rate was decreased.”

Adsorption Isotherms. The adsorption of MO onto pre-CS/
EPTAC/Fe;0,4 at pH3.0 for Cy’s ranging from 20 to 200 mg/L
was performed for 120 min to reach the equilibrium state. To
study the adsorption mechanism and evaluate the adsorption
properties of pre-CS/EPTAC/Fe;0,, the Langmuir [eq. (5)] and

where Q,, is the maximum capacity (mg/g); Ky (L/mg) and K
[mg/g-(L/mg)""] are the Langmuir and Freundlich isotherm
constants, respectively; and # is the heterogeneity factor.

Figure 7 shows the adsorption isotherms of MO on pre-CS/EPTAC/
Fe;0,. The calculated K; and Kvalues are summarized in Table II. It
was obvious that the Freundlich isotherm had a higher R* value
(0.9810) than the Langmuir isotherm (R* = 0.9613); this indicated
that the adsorption on the surface of pre-CS/EPTAC/Fe;0, was mul-
tilayer adsorption. This was because, in addition to the electrostatic
attraction between MO and pre-CS/EPTAC/Fe;O,, there were other
forces, such as van der Waals forces, hydrogen bonding, and coordi-
nation effects. K [179.1 mg/g-(L/mg ™ ")""] reached high values; this
represented the greater binding capacity between MO and pre-CS/
EPTAC/Fe;0,. Additionally, the value of 1/n (0.38) was less than 1;
this suggested that the adsorption of MO on pre-CS/EPTAC/Fe;O,

Table I. Kinetic Parameters of MO Adsorption on Pre-CS/EPTAC/Fe;O, at 298 K

Pseudo-first-order

Pseudo-second-order

Ky X 108 K> % 10°
Co (mg/L) Q. (mg/g) (min) Q. (mg/g) R? (g-mg~-min?) Q. (mglg) R?
20 49 4 447 6.3 0.8576 683.8 50.2 0.9998
40 97.9 64.0 37.4 0.9576 293.8 101.0 0.9995
60 1455 56.4 58.2 0.9524 250.9 151.5 0.9995
80 187.2 511 99.6 0.9610 178.9 196.1 0.9992
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Table II. Fitting Results of the Adsorption Isotherm with the Langmuir and Freundlich Equations at 298 K

Langmuir Freundlich
Dye Qn (mglg) K. x 103 (L/mg) R? K [mg/g-(L-mg 1)/ 1/n R2
MO 486.1 667.8 0.9613 1791 0.38 0.9810
Table III. Comparison of the Adsorption Capacity of Pre-CS/EPTAC/Fe;O, with Those of Different Adsorbent Materials

Adsorption

Adsorbent capacity (mg/g) Reference
Chitosan/clay/Fez04 149.3 Cho et al.3®
Chitosan/organicrectorite-Fes04 composite microspheres 5.6 Zeng et al.3®
Chitosan/Al>Os/magnetic iron oxide nanoparticle composite 417.0 Tanhaei et al.®”
Magnetic maghemite/chitosan nanocomposite films 28.9 Jiang et al.?
Chitosan enwrapping nanosized y-Fe>0z and MWCNTs 66.1 Zhu et al.%8
HEMA-chitosan-MWCNT nanocomposite 306.0 Mahmoodian et al.3°
Pre-CS/EPTAC/Fe504 486.1 This study

MWCNT, multiwalled carbon nanotube.

was favorable. The maximum adsorption capacity calculated with
the Langmuir isotherm was 486.1 mg/g for MO. Compared to the
other chitosan-based adsorbents for MO adsorption presented in
Table III, the maximum adsorption capacity of pre-CS/EPTAC/
Fe;0, had a much higher value for MO uptake. The gained knowl-
edge will contribute a new idea for modification to improve the
adsorbent characteristics and performance.

Adsorption Thermodynamics. Thermodynamic  parameters
related to the intrinsic energy change of the adsorption, such as
standard free energy change (AG; kJ/mol), enthalpy change
(AH; kJ/mol), and entropy change (AS; ] mol "K', are usu-
ally calculated according to egs. (7) and 8:

ink="2H A4S )
RT ' R
AG=AH—TAS (8)

where T is the temperature (K), R (8.314 J-mol “K™!) is the
universal gas constant, and K is the thermodynamic equilibrium

57 F
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InK

54 [
531

52}

5.1 4 >
0.0031 0.0032 0.0033 0.0034
1T

Figure 8. In K ~ 1/T plots for MO adsorption on pre-CS/EPTAC/Fe;0,.
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constant for the adsorption, which can be obtained from the
ratio of Q. to C..

The obtained In K-1/T plots and thermodynamic parameter
values are shown in Figure 8 and Table IV, respectively. The
negative AG values in the entire temperature range (298-318 K)
demonstrated the MO dye adsorption was a exothermic and
spontaneous process. Also, the less negative AG at high temper-
ature suggested that the adsorption process was more spontane-
ous at low temperature. The negative AH (—15.8 kJ/mol)
indicated the exothermic nature of adsorption. Furthermore,
the negative AS (—6.3 J-mol 'K ™!) revealed the decreased ran-
domness at the adsorbent—adsorbate interface during the fixa-
tion of MO on the active sites of the pre-CS/EPTAC/Fe;O,.

Adsorption for Other Azo Dyes. It is well known that azo dyes
have similar molecular structures; this can result in similar
adsorption behaviors on adsorbents. Figure 9 shows the adsorp-
tion performances of pre-CS/EPTAC/Fe;O; and Npre-CS/
EPTAC/Fe;0,4 for AR1 and OG in 50-mL 50 mg/L solutions at
pH3.0. Obviously, the equilibrium removal rates of pre-CS/
EPTAC/Fe;0, for ARl and OG were both about 98.0%. These
values were higher than those of Npre-CS/EPTAC/Fe;O, (92.7
and 85.6%); this suggested a good adsorption performance for
pre-CS/EPTAC/Fe;0,.

With the method of preadsorption and desorption to prepare
pre-CS/EPTAC/Fe;O4, we not only retained the characteristic
groups of quaternary chitosan salt but also increased the specific

Table IV. Thermodynamic Parameters at Different Temperatures

Dye T(K) AG(kJ/mol) AH (kJ/mol)  AS (Jmol~tK™1)
298 -13.92

MO 308 -13.86 -15.8 -6.3
318 -13.80
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surface area of material. The adsorption performance of pre-CS/
EPTAC/Fe;0, for MO and other azo dyes with similar struc-
tures was greatly improved.

Recycling Experiments. From a practical application point, the
recycling availability is a crucial evaluation factor for an excellent
adsorbent. Gorensek’s' research showed that a high temperature
(>333 K) and high pH (>10.0) may affect the hydrolysis of reac-
tive dyes and the adsorption. At the same time, the literature*"**
has shown the adsorption difference of reactive dyes on adsorb-
ents at different pHs could be used as the basis of adsorbent
regeneration. Preliminary research results show that the electro-
static forces between the magnetic particles and dyes abated
under alkaline conditions, the adsorption capacity was small, and
the removal rate was low. Therefore, the saturated adsorbents
were released and regenerated under alkaline conditions.

Desorption of pre-CS/EPTAC/Fe;0, loaded MO was demon-
strated with 20% NaOH aqueous solutions. The percentage of
MO desorbed reached 95.0%. The adsorption—desorption of
MO was conducted for six cycles. The results are illustrated in
Figure 10. The adsorption efficiency of pre-CS/EPTAC/Fe;0,
remained almost constant (98.5%) for six cycles; this indicated

100 [
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~ 60F
Z .
® 4ot —=— pre-CS/EPTAC/Fe,0,
--m--Npre-CS/EPTAC/Fe,0,
200 AR1
% 20 40 60 80 100 120
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o
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9 ¥
: 40} —=— pre-CS/EPTACIFe,0,
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0 - ; , . . |
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Figure 9. Adsorption rate comparisons of pre-CS/EPTAC/Fe;O, and Npre-
CS/EPTAC/Fe;0, for ARl and OG at 298 K. Adsorbent dose =20mg,
Cop = 50 mg/L, solution volume = 50 mL, pH 3.0, and contact time = 120 min.
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Figure 10. Recycling experiments for MO removal at 298 K. Adsorbent
dose =20mg, initial MO concentration =50 mg/L, solution volume =
50 mL, pH 3.0, and contact time = 120 min.

that there were no irreversible sites on the adsorbent surface
and pre-CS/EPTAC/Fe;O4 had an regeneration
performance.

excellent

CONCLUSIONS

In this study, pre-CS/EPTAC/Fe;O,, a kind of efficient and easily
recycled adsorbent, was prepared by a novel method and charac-
terized by several methods, and the adsorption properties of pre-
CS/EPTAC/Fe;0, for MO and other azo dyes were researched.

We found that the preadsorption and desorption of MO played
an important role in the adsorption of MO in aqueous solution.
The amount of MO of preadsorption and desorption influenced
the material morphology and adsorption effect. The optimum
removal rate was acquired at 0.2 mmol of MO. The adsorption
of MO onto pre-CS/EPTAC/Fe;O, was rapid and approached
equilibrium at 20 min; this was much faster than Npre-CS/
EPTAC/Fe;0, (120min). The kinetics and isotherm of MO
onto pre-CS/EPTAC/Fe;O, were described by the pseudo-
second-order and Freundlich isotherm model, respectively. The
maximum adsorption capacity calculated with the Langmuir
isotherm was 486.1 mg/g for MO. In addition, various thermo-
dynamic parameters, such as AG, AH, and AS, were calculated;
these showed adsorption to be a spontaneous and exothermic
process. For other azo dyes with similar structures, such as ARI
and OG, the adsorption efficiency was greatly improved. Fur-
thermore, pre-CS/EPTAC/Fe;O,4 could be rapidly separated by
an external magnetic field and efficiently regenerated by the
20% NaOH aqueous solution treatment. This treatment retained
a high removal efficiency in six successive cycles; this suggests
their potential application values in practical water treatment.
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