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ABSTRACT

In this study, batch adsorption study was utilized in evaluating the potential suitability of quaternized
chitosan immobilized bentonite (BT) as an adsorbent in the adsorption of anionic pollutants, Cr(VI),
and methyl orange (MO) from aqueous solutions. The adsorptive behaviors of Cr(VI) and MO were
examined as a function of the ratio of quaternized chitosan to BT, adsorbent dosage, solution pH,
initial Cr(VI) (or MO) concentration, and contact time. The adsorption equilibrium for both Cr(VI)
and MO was reached quickly. Adsorption isotherms for Cr(VI) and MO were well described by the
Langmuir isotherm, while the pseudo-second-order kinetic model provided good kinetic data fitting.
Furthermore, the results show that this adsorbent exhibited higher adsorption capacity for MO than
Cr(VI). It appears that this anionic Cr(VI) favored the electrostatic interactions with this adsorbent
while the anionic MO dye may interact with this adsorbent by electrostatic interactions and the hydro-

gen bonding.
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1. Introduction

The heavy metal ions and dyes are two kinds of common
pollutants in water body. Their discharge may be toxic or
poisonous for human health and animals even at low con-
centrations. Therefore, the removal of both pollutants from
wastewaters is currently one of the most important envi-
ronmental tasks for research and technology development
on water management [1]. Numerous techniques have been
utilized for the removal of metals and dyes from solution,
which include biological treatment, adsorption, coagulation/
flocculation, chemical oxidation, membrane separation, and
ion exchange. Among these methods, adsorption has been
found to be a superior technique in terms of cost, simplicity
of design and operation, effectiveness, and insensitivity to
toxic substances [2]. Various materials such as activated car-
bon [3,4], zeolite [5,6], clay, polymer [7], and nanomaterials
[8-10] have been extensively applied for pollutants removal.

* Corresponding author.

Bentonite (BT) clay has great potential as adsorbent due
to its large quantities, low-cost, chemical and mechanical
stability, high specific surface area, and structural proper-
ties [11]. However, BT weakly adsorbs anionic pollutants
due to repulsion between the anions and the negative charge
on the edge of the BT sheet. Modification of clay through
acid treatment, composting with biopolymers, calcinations,
functionalization, and pillaring are among several ways that
effort has been made by researchers to enhance its usability
beyond its application in natural form. Among these modi-
fying methods, the combination of BT and biopolymer gets
much attention currently due to high adsorption capacity and
regeneration [12]. Quaternized chitosan is a water-soluble
derivative of chitosan, and it has several desirable character-
istics such as biocompatibility, biodegradability, bioactivity,
and non-toxicity. Besides, it contains many active functional
groups that serve as efficient sites to bind pollutants, espe-
cially anionic pollutants, thus it is itself a good adsorbent
due to its unique properties [13]. However, using pure qua-
ternized chitosan as an adsorbent has several disadvantages

1944-3994/1944-3986 © 2017 Desalination Publications. All rights reserved.



436 P. Hu et al. / Desalination and Water Treatment 65 (2017) 435—442

such as being costly and low chemical stability. Meanwhile,
it is apt to loss due to its water solubility. The combination of
quaternized chitosan with other materials like BT is consid-
ered to be an effective method [7,14], which could reduce the
cost of adsorbents without affecting the adsorption capacity
of quaternized chitosan due to the possible intercalation of
quaternized chitosan in BT.

In this study, the quaternized chitosan immobilized BT
was prepared and characterized. Anionic pollutants Cr(VI)
and MO were chosen as a model heavy metal anion and
anionic dye, respectively. Chromium, a kind of typical metal
elements, exists in the environment in the trivalent state or
in the hexavalent state as the Cr(VI) anions: HCrO,, CrO7,
and Cr,0,>. As a strong oxidizing agent and a potential
carcinogen, it can have teratogenic and mutagenic effects
for plants and animals [15]. Methyl orange (MO) was cho-
sen as a model dye in this study because MO is a common
water-soluble azo dye that is widely used in the chemical,
textile, and paper industries. MO is an anionic dye and
presents a serious environmental hazard [16]. The adsorp-
tive removal of Cr(VI) and MO from aqueous solutions was
investigated by a batch method. Experimental parameters
affecting the adsorption process such as solution pH, initial
Cr(VI) (or MO) concentration, adsorbent dosage, and contact
time were studied. Besides, the adsorption isotherms and
kinetics were also discussed.

2. Experimental set-up
2.1. Chemicals and reagents

BT powder with a particle size of 200 mesh was acquired
from the chemical factory of Shentai, Xinyang, Henan, China.
Chitosan [weight-average molecular weight = 100,000 Da,
degree of deacetylation = 90%] was purchased from the
Sinopharm Group Chemical Reagent Limited Company
(China). Quaternized chitosan and N-2-hydroxypropyl
trimethyl ammonium chloride chitosan were prepared
according to our previous literature [17]. Potassium dichro-
mate and MO were obtained from Aladdin (analytical grade).
A stock MO solution of 1,000 mg/L was prepared by dissolv-
ing 1.00 g of MO in 1 L of distilled water. MO concentrations
were measured using a UV-vis spectrometer at a wavelength
corresponding to the maximum absorbance for MO: 464 nm.

Stock chromium solution of 1,000 mg/L was prepared by
dissolving 2.829 g of potassium dichromate in 1 L of distilled
water. The chromium concentration was determined by a
double beam UV-vis spectrophotometer (Unicam UV-2) at
540 nm. All other chemical reagents used in this study were
of analytical grade. pH value of MO (or Cr(VI)) solutions was
adjusted by adding 0.1 M HCI or NaOH solutions.

2.2. Synthesis of quaternized chitosan immobilized BT

Quaternized chitosan (1.5 g) was dissolved in 50 mL of
distilled water. About 1 g of BT was added and then stirred
for 5 h at room temperature. The mixture was coated in
culture vessels and then dried at 60°C to form membranes.
Subsequently, these membranes were soaked in ethyl alco-
hol solution with 2.5 wt% glutaraldehyde (GLA) solution.
Cross-linking reaction occurred for 15 h at 60°C and then the

complex was washed using distilled water to remove any
free GLA and dried in the oven at 60°C for 10 h. After drying,
the complex with 100 mesh of particle size was collected and
utilized for the batch experiments. The resultant complex
was referred to as quaternized chitosan immobilized BT. The
interaction among GLA, quaternized chitosan, and BT was
depicted in Fig. 1.

2.3. Methods of characterization

The point of zero charge (pH ) for the quaternized
chitosan immobilized BT was determined according to the
method described by the solid addition method [18]. The
modified BT (0.1 g) was shaken in 50.00 mL of a 0.01 mol/L
NaCl solution for 24 h. The initial pH values (pH) were
adjusted in the pH range from 1 to 9 by adding appropriate
amounts of 0.1 mol/L HCI or 0.1 mol/L NaOH solution. After
24 h of shaking, the final pH values were measured (pH).
The difference between the initial and final pH (pH-pH)) was
plotted against the initial pH (pH) and the point at which
pH~pH= 0 was taken as the pH . The FTIR spectra of sam-
ples dispersed in KBr disks were recorded at room tempera-
ture using a FTIR spectrometer (Shimadzu 4100) in the wave
number range of 400-4,000 nm™.

2.4. Batch adsorption experiments of quaternized chitosan
immobilized BT

The adsorption of MO (or Cr(VI)) onto the quaternized
chitosan immobilized BT was conducted by a batch proce-
dure. The factors affecting the adsorption of MO and Cr(VI)
including the ratio of quaternized chitosan to BT, initial MO
(or Cr(VI)) concentration, adsorbent dosage, pH value of ini-
tial MO (or Cr(VI)) solutions, and contact time were inves-
tigated. The adsorption experiments were carried out in
a thermostated shaker. A certain amount of adsorbent was
dispersed in 50.00 mL of MO (or Cr(VI)) solution and shaken
for predetermined time. After adsorption, the samples were
collected by filtration, and the concentrations of the residual
MO (or Cr(VI)) in the filtrates were measured.
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Fig. 1. Scheme for the preparation of quaternized chitosan immo-
bilized bentonite composite.
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For kinetic study, MO (or Cr(VI)) solutions with various
concentrations were shaken with 0.1 g of adsorbent at 298 K
and natural pH for predetermined intervals of time. After the
fixed time interval was attained, the adsorbent was separated
by filtration and the filtrate obtained was analyzed to deter-
mine the MO (or Cr(VI)) concentration and the adsorption
capacity was calculated accordingly.

For isotherm study, the adsorption experiments were car-
ried out by shaking MO (or Cr(VI)) with various concentra-
tions and 0.1 g of adsorbent dosage at different temperatures
(298, 308, and 318 K). After equilibrium, the adsorbent was
separated by filtration and MO (or Cr(VI)) concentration in
the filtrate was analyzed.

2.5. Desorption and reusability

The feasibility of reusing the quaternized chitosan immo-
bilized BT adsorbent was investigated by using 0.5 mol/L
NaOH as an effluent solution. Typically, 0.1 g adsorbent was
first saturated with Cr(VI) (100 mg/L) and MO (200 mg/L) for
1 h. The saturated adsorbent was then separated by filtration
and the filtrate was analyzed accordingly. The Cr(VI)- and
MO-loaded adsorbents were subsequently agitated for 3 h
with 50 mL of 0.5 mol/L. NaOH, separated and washed thor-
oughly with deionized water. The regenerated adsorbents
were dried in an oven at 60°C and used in the subsequent
adsorption/desorption experiments.

3. Results and discussion
3.1. FTIR spectra analysis

FTIR spectra of BT and cross-linked quaternized chi-
tosan, quaternized chitosan immobilized BT and the samples
loaded by MO and Cr(VI) are shown in Figs. 2(A) and (B),
respectively. In the spectrum of BT, the peak at 3,623 cm™ was
assigned to a stretching band of the inner OH unit within the
clay structure, and the peak at 3,455 cm™ was related to the
OH vibration of water molecules. The characteristic peaks
corresponding to the phyllosilicate structure of BT appeared
between 470 and 1,160 cm™. A broad peak between 1,045
and 1,160 cm™ was attributed to the characteristic stretching
vibration of the Si-O [19], and the peak at 525 cm™ belonged
to the angular deformation of Si-O in the tetrahedral sheet.
The peaks from 915 to 794 cm™ corresponded to the octa-
hedral layers of BT. In the spectrum of cross-linked quat-
ernized chitosan, a broad intense peak near 3,441 cm™ was
due to the stretching vibrations of O-H and N-H groups.
The peaks at 2,922 and 2,876 cm™ corresponded to the C-H
stretching vibrations of the alkyl group. The peaks at 1,643
and 1,564 cm™ were associated to the stretching vibrations of
amide and amine groups, respectively. The peak at 1,482 cm™
was attributed to the methyl of the ammonium groups in
quaternized chitosan [20].

After BT interacted with cross-linked quaternized chi-
tosan, the intensities of the characteristic peaks of the amine
and ammonium groups decreased and was accompanied by
slight shifts as compared with those of cross-linked quater-
nized chitosan The intensities of the characteristic peaks of
BT changed and this was accompanied by the changes in the
positions of these peaks in comparison with the spectrum
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Fig. 2. (A) FTIR patterns of bentonite (a) and cross-linked qua-
ternized chitosan (b). (B) FTIR spectra of quaternized chitosan
immobilized bentonite (a) and the samples loaded by Cr(VI) (b)
and MO (c).

of BT. These results indicated that the amine and ammonium
groups in cross-linked quaternized chitosan mainly partici-
pated in the reaction with BT.

After the complex was loaded by Cr(VI), the peak
attributed to the stretching vibration of amide group shifted
from 1,642 to 1,638 cm™, while the peak at 1,486 cm™ was
shifted to 1,489 cm™ with the decreased intensities. These
changes indicated the quaternary ammonium and amide
groups were involved in the adsorption of Cr(VI). Meanwhile,
the characteristic peaks of BT were changed slightly whether
in the intensities or the positions as compared with that of the
complex before Cr(VI) adsorption. However, after the com-
plex was loaded by MO, the characteristic peaks of the amine
and quaternary ammonium groups decreased in the intensi-
ties and even disappeared, and the intensities and positions
of the characteristic peaks of BT were different from those
of the complex before MO adsorption. These results indi-
cated the quaternary ammonium and amide groups from
quaternized chitosan as well as hydroxyl groups in BT were
related to MO adsorption. Besides, a new peak at 1,372 cm™
attributed to aromatic nitro compound was detected, indicat-
ing the presence of MO molecules on the adsorbent surface
[12]. Therefore, the mechanism for Cr(VI) adsorption was
mainly the electrostatic interaction, while the mechanism for
MO adsorption involved the electrostatic interaction and the
hydrogen bonds between this adsorbent and MO.
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3.2. Effect of the ratio of quaternized chitosan to BT on Cr(VI)
(or MO) adsorption

To investigate the effect of the ratio of quaternized chi-
tosan to BT on Cr(VI) (or MO) adsorption, this ratio changed
from 0.3 to 1.8. The adsorption experiments were conducted
at 298 K using 200 mg/L MO and 100 mg/L Cr(VI) solutions.
As shown in Fig. 3, single BT had low removal toward both
Cr(VI) and MO, while single cross-linked quaternized chi-
tosan showed relatively high removal toward Cr(VI) and
MO. The removal of Cr(VI) and MO increased significantly
when the ratio of quaternized chitosan to BT in this complex
increased from 0 to 1.5. Beyond 1.5, increasing this ratio had
no significant effect on the adsorption of Cr(VI) or MO. An
increase in this ratio indicates an increase in the content of
quaternized chitosan or a decrease in BT content. Therefore,
the quaternized chitosan acted as an important factor for
Cr(VI) and MO adsorption. Considering the cost of quater-
nized chitosan and the removal of Cr(VI) and MO together,
the ratio of quaternized chitosan to BT was fixed at 1.5 in this
complex and used for the preparation of adsorbents.

3.3. Effect of adsorbent dosage on Cr(VI) (or MO) adsorption

For this test, the adsorption experiments were performed
at 298 K using 200 mg/L MO and 100 mg/L Cr(VI) solutions.
As shown in Fig. 4, the removal increased from 51.2% to 90.6%
for Cr(VI) and from 79.0% to 97.4% for MO, respectively,
when the adsorbent dosage increased from 0.05 to 0.1 g. This
increase in removal may be attributed to the increasing sites
available for adsorption as increasing adsorbent dosage [21].
However, the removal remained almost constant beyond 0.1 g
of adsorbent dosage. The constant removal resulted from the
adsorption of Cr(VI) and MO saturated. This study utilized
0.1 g of adsorbent dosage for the following experiments.

3.4. Effect of initial MO (or Cr(VI)) concentrations on MO
(or Cr(VI)) adsorption

The adsorption experiments were carried out in single
and binary systems at 298 K. 0.1 g of adsorbent was added
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Fig. 3. Effect of the ratio of quaternized chitosan to bentonite on
Cr(VI) (or MO) adsorption.

to 50 mL aqueous solution and continuously agitated at
200 rpm for 60 min. The results were presented in Fig. 5, the
removal toward Cr(VI) decreased from 96.4% to 47.3% with
increasing initial Cr(VI) concentration from 50 to 300 mg/L.
This decrease in removal can be explained by the fact that
at low concentrations, the ratio of available sites to initial
concentration was high, thus the removal enhanced, while at
high concentrations, this ratio became low, and these sites
was not enough for the adsorption of Cr(VI) ions, thus the
removal decreased [22]. However, the removal toward MO
had no significant decrease with increasing initial MO con-
centrations, this trend may be attributed to the sufficient sites
for MO adsorption in the range of MO concentrations tested.

3.5. Effect of pH value of MO (or Cr(VI)) solutions on MO
(or Cr(V1)) adsorption

The initial pH of a system is known to be an important
parameter for adsorption due to the influence of pH value
of solutions on the adsorbent surface properties and exist-
ing forms of adsorbates. To investigate the effect of pH value
on MO (or Cr(VI)) adsorption, the adsorption experiments
were performed at 298 K. 0.1 g of adsorbent was added to
50 mL 200 mg/L MO solution (or 100 mg/L Cr(VI)) and con-
tinuously agitated at 200 rpm for 60 min. Fig. 6 shows that the
removal toward Cr(VI) and MO decreased obviously with an
increase in pH values of solutions from 3 to 11. This indicates
that the adsorption of Cr(VI) and MO on this adsorbent was
favored at lower pH value. The pH dependence of Cr(VI)
(or MO) adsorption can largely be related to the type and
ionic state of these functional groups in adsorbent and also
on the existing forms of Cr(VI) (or MO) in solution. As we
know, the existing form of Cr(VI) is greatly dependent upon
the pH and concentration of the solution. At pH between 3
and 6, Cr,0,> and chromate (CrO,*) exist in equilibrium and
under alkaline conditions (pH > 8), it exists predominantly as
HCrO, [23]. However, MO is attributed to anionic dye, and
the sulfonate groups of MO (-SO,Na) were dissociated and
converted to anionic dye ions -S5O, in aqueous solution. The
value for pH_ _ of this adsorbent was obtained at 6.5 or so
(see Fig. 7). The surface of the adsorbent will be negatively
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Fig. 4. Effect of adsorbent dosage on Cr(VI) (or MO) adsorption.
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Fig. 6. Effect of pH value of MO (or Cr(VI)) solutions on MO (or
Cr(VI)) adsorption.

charged above pH  _and positively charged below pH,,. At
low pH values (<pl]zlpzc), the surface of this adsorbent was pos-
itively charged, which facilitated the adsorption of Cr(VI) (or
MO) adsorption due to the electrostatic attraction between
Cr(VI) ions (or MO) and positively charged adsorption sites,
thereby increasing Cr(VI) (or MO) adsorption. With increas-
ing pH (>pszc)’ a decline in removal may be ascribed to the
repulsive force between the negatively charged surface of
this adsorbent and Cr(VI) ions (or MO) as well as the com-
petitive adsorption of abundant OH ions.

3.6. Effect of contact time on Cr(VI) (or MO) adsorption

The effect of contact time on the adsorption of Cr(VI) (or
MO) by this adsorbent was studied using Cr(VI) (or MO)
solutions with different concentrations, and the results are
shown in Fig. 8. For whether MO or Cr(VI), the adsorption
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Fig. 7. Determination of pH  of quaternized chitosan immobi-
lized bentonite.

was initially rapid, and then slowed. The rapid adsorption at
the initial stage may be attributed to a large number of vacant
surface sites available for adsorption. The adsorptive sites
became less and less during the process of adsorption, and
the remaining vacant surface sites were difficult to occupy
because of the repulsive forces between the dye molecules
(or Cr(VI)) on the adsorbent and the bulk phase. Besides, the
longer time was required for equilibrium with increasing
MO concentrations, while the adsorption for Cr(VI) showed
the contrary trend. The equilibrium time for MO and Cr(VI)
adsorption was 60 and 30 min, respectively, in the range of
MO (or Cr(VI)) concentrations tested.
The adsorption kinetics may be described by the pseu-
do-second-order model, which is generally given as follows:
! = ! 3 +lt
9 ka. a.

ey
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where k, is the rate constant of pseudo-second-order
adsorption (g/(mg min)). The slope of the plot of t/q, vs. t
gives the value for the calculated adsorption capacity at
equilibrium (qml), whereas the intercept gives the value for
the rate constant (k,). The values of k, correlation coeffi-
cients, Docal and g, e, AT€ listed in Table 1. From Table 1, the
pseudo-second-order model had high correlation coefficient
(R*>0.9999). Besides, the g,  from the pseudo-second-order
model was very closely s1m11ar to the g,  whether for MO
or for Cr(VI) adsorption by this adsorbent Therefore, the
pseudo-second-order model may be applied to predict the
kinetic behavior of MO and Cr(VI) adsorption. In addi-
tion, the values of k, for the adsorption of MO were found
to decrease with the increase of MO concentration, sug-
gesting that the time required for equilibrium at high MO
concentration was relatively prolonged. However, the values
of k, for Cr(VI) adsorption increased with an increase in Cr(VI)
concentration, suggesting that the shorter time was required
for equilibrium at high Cr(VI) concentration. These results
were consistent with the above phenomena mentioned.

3.7. Adsorption isotherms

The equilibrium sorption data of MO and Cr(VI) on this
adsorbent were investigated using the adsorption isotherm
models via, Langmuir and Freundlich. The linear form of
Langmuir equation is given as follows:

g;i.{.& (2)
qe Qb Q

where C, is the equilibrium concentration (mg/L); g,is the
amount adsorbed at equilibrium (mg/g); Q is the maximum
amount of adsorption with complete monolayer coverage on
the adsorbent surface (mg/g); and b is the Langmuir constant,
which is related to the energy of adsorption (L/mg). From the
linear plots of C /g, against C, Q, and b values can be calcu-
lated from the slope and intercept, respectively.

The linear form of Freundlich equation is expressed as
follows:
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Pseudo-second-order parameters of MO and Cr(VI) adsorption
by the quaternized chitosan immobilized bentonite

Adsorbates Concentration k, Deca Dyenp R?
(mg/L)
MO 100 0.277 49.70  49.63 1.0000
300 0.049 1492 1489  1.0000
500 0.014 2494 2482 1.0000
Cr(VI) 100 0.308 4589  45.00 0.9999
200 0.387 68.26  68.46 0.9999
300 0.412 72.62 7256 0.9999
1
logg, =logK, +—logC,
" ®)

where C_is the equilibrium concentration (mg/L) and g,is the
amount adsorbed at equilibrium (mg/g). K [(mg/g)(L/mg)'n]
and 7 are Freundlich constants related to adsorption capac-
ity and heterogeneity factor, respectively. K, and n values can
be calculated from the intercept and slope of the linear plots
between logC, and logg, for the removal of both adsorbates
using this adsorbent.

The isotherm parameters and the values correlation coef-
ficient were given in Table 2. From the isotherm data, the suit-
able adsorption isotherm for the sorption of MO and Cr(VI)
was found to be Langmuir isotherm and hence it could be con-
cluded that the monolayer adsorption on the homogeneous
surface of this adsorbent occurred. Meanwhile, for MO, the
value of Q decreased with the increasing temperature, sug-
gesting that the adsorption of MO onto this adsorbent was an
exothermic process. However, the adsorption of Cr(VI) onto
this adsorbent was not affected by temperature in the tempera-
ture range of the study. Some adsorbents with their respec-
tive adsorption capacities [24-33] for the removal of MO (or
Cr(VI)) have been given in Table 3. It is evident that this adsor-
bent had a relatively high adsorption capacity for both MO
and Cr(VI). It indicates that this adsorbent showed a potential
for the removal of MO and Cr(VI) from aqueous solutions.



P. Hu et al. / Desalination and Water Treatment 65 (2017) 435—442

Table 2

441

Langmuir and Freundlich isotherm parameters of MO and Cr(VI) adsorption by the quaternized chitosan immobilized bentonite

Isotherm models Langmuir Freundlich
Adsorbates Temperature Q b R? K. ([(mg/g)(L/ n R?
(K) (mg/g) (L/mg) mg)")
MO 298 699.3 0.125 0.9998 99.81 1.706 0.9952
308 657.9 0.144 0.9993 106.0 1.785 0.9908
318 633.0 0.150 0.9997 107.8 1.855 0.9934
Cr(VI) 298 72.36 0.190 0.9996 23.98 4.287 0.9612
308 73.21 0.188 0.9998 23.79 4.204 0.9577
318 73.42 0.146 0.9994 22.59 4.108 0.9755
Table 3 Cr(vi)
Adsorption capacities for Cr(VI) and MO by various adsorbents 100 1= Mo 7 2 7 w
Adsorbent Adsorption References 80 L 7
capacity (mg/g)
Cr(Vl) MO R 60}
Nanostructured proton - 427 [24] g
containing d-MnO, 5 ol
Poly-2-hydroxyethy ~ 400  [25] o
methacrylate-chitosan
functionalized-multi-walled 2or
carbon nanotube
CuO/NaA zeolite - 7949 [26] Fresh  1st 2nd Fresh 1st  2nd 3rd
Magnetic chitosan beads - 779 [27]
Surfactant modified silkworm _ 87.03 [28] Fig. 9.' Regeneration of quaternized chitosan immobilized
. bentonite.
exuviae
Amphoteric functionalized 171.86 - [29]
mesoporous silica 4. Conclusions
Modified kaolin clay 91.10 - [30] The quaternized chitosan immobilized BT was found to
B-cyclodextrin/ 68.41 - [31] be effective for the removal of MO and Cr(VI). This adsor-
ethylenediamine/magnetic bent showed higher adsorption capacity at the acidic pH. In
Graphene nanosheets 43 - 3] adsorption of both MO and Cr(VI) studies, the adsorption
Activated carbon/Chitosan 5354 ~ 33 equilibrium for Cr(VI) and MO was reached quickly. The
composite kinetic data were vyell fitted with the .pseudo—second-ordt?r
Quaternized chitosan 7236 6993 This work model. The adsorption data were described by the Langmuir

immobilized bentonite

3.8. Desorption study

The reusability of adsorbents is of great importance in
lowering the cost of wastewater treatment. For quaternized
chitosan immobilized BT, 0.5 mol/L. NaOH was selected as the
regeneration agent for desorption of Cr(VI) and MO adher-
ing on the composite sorbent. Three cycles of adsorption—
desorption studies were carried out accordingly. The removal
for MO was as high as 96% during these three cycles (Fig. 9).
As compared with the fresh adsorbent, the removal decreased
slightly. However, the removal decreased from 91.5% to 71.1%
after these cycles. Over three adsorption—desorption process,
the removal for Cr(VI) reduced dramatically. These results
suggested that the removal was affected by the number of
cycles for different adsorbates to some degree.

adsorption isotherm which indicates the homogeneous
nature of adsorption. The monolayer adsorption capacities
were obtained at 699.3 mg/g for MO and 72.4 mg/g for Cr(VI).
Besides, this adsorbent showed stronger binding for MO as
compared with Cr(VI). Electrostatic interaction between the
anions and the positive functional groups in this adsorbent
was the mechanism behind the adsorption. However, for MO
adsorption, the hydrogen bonding also existed.
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