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Abstract

The present study aimed to reduce environmental pollution by using a natural and cheap adsorbent for the removal of Reactive
Orange 122, an anionic dye harmful to the environment, from wastewater in the textile industry. The zeolite mineral, abundant
in Turkey, easily accessible, and cost-effective, was first utilized for this purpose. However, it was concluded that sufficient
adsorption was not provided in the treatment of reactive dyes due to the structure of the natural zeolite mineral. Therefore,
to increase the adsorption efficiency of zeolite minerals, published techniques were utilized to modify it with chitosan, and
chitosan/zeolite composite was prepared. The adsorbents were characterized by using Fourier transform infrared spectroscopy
(FTIR), scanning electron microscopy (SEM) and Brunauer—-Emmett—Teller (BET) analysis. The study also examined the
influence of various parameters including pH, contact time, and temperature on the adsorption of RO122 dye. Furthermore,
the adsorption equilibrium was analyzed by evaluating kinetic and isotherm models. In comparison to the pseudo first-order
model, the pseudo-second-order model was determined to be the best-fitting model with a coefficient of determination of
0.999. The study also examined two isotherm models, namely Langmuir and Freundlich, to adjust the equilibrium data to
achieve optimal alignment. The Freundlich model demonstrated superior efficacy as an adsorption isotherm compared to
the Langmuir isotherm model, as evidenced by a coefficient of determination (R?) of 0.9941.
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1 Introduction

Today, water is at a critical point, because of increasing
water pollution due to urbanization, population growth,
people’s lack of consciousness, and changes in the global
climate. This increase in water pollution is a threat to society
and nature [1].

The release of chemicals used in manufactured industrial
products back into nature increases water and environmental
pollution. More specifically dyes used in the textile, paper,
pharmaceutical, and tannery sectors significantly pollute
water resources [2, 3]. Approximately 10-25% of the dyes
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used in the textile industry are lost. When dyes are mixed
with water, they change the color of the water, and naph-
thalene, benzene, and other aromatic compounds found in
dyes that have a carcinogenic effect appear, causing harm to
humans and environmental health [4].

Worldwide, approximately 60 thousand tons of dye are
discharged into the environment as waste annually, and 80%
of this dye is the azo group. The wastewater discharged in
the textile industry is approximately 900 million tons per
year [5]. Treatment of these dyes, therefore, may reduce
harm to the environment and humans. Treatment is possi-
ble biologically, physically, or chemically, each of which
has different advantages and disadvantages from each other.
For example, in traditional biological water treatment, the
removal rate is low, while chemical and physical methods
can be costly [5-7].

Among various water treatment techniques, the adsorp-
tion method is relatively cheap and easy. In addition to
these advantages, many kinds of substances can be used
as adsorbents. In recent years, alongside increasing
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environmental problems, a number of studies have been
conducted on adsorption [8]. Activated carbon is one of
the most widely used adsorbents because it has high effi-
ciency and can also be used on many different types of
dyes. However, due to the high production cost of acti-
vated carbon, its use is limited from an industrial point of
view. Thus, instead of activated carbon, it is necessary to
find an easily accessible adsorbent that is cheaper and also
has high efficiency. Many adsorbents can be used econom-
ically, for example, peat, natural clay, fly ash, chitosan,
and polymeric resins [9-11].

The objective of the current study was to address envi-
ronmental pollution by utilizing a natural and affordable
adsorbent for the removal of Reactive Orange 122, an envi-
ronmentally harmful anionic dye. Zeolite mineral, abundant
in Turkey and readily available at a low cost, was chosen
for this purpose. However, it was determined that the natu-
ral zeolite mineral’s structure did not provide sufficient
adsorption capacity for treating reactive dyes. To enhance
the adsorption efficiency of zeolite minerals, it was therefore
deemed necessary to modify them with chitosan. As a result,
chitosan/zeolite composites were prepared and investigated
in the study. The novelty of this study was the method the
adjustment of pH of the solution at the final stage of the chi-
tosan/zeolite composite was performed by using acid solu-
tion to prevent the use of excess distilled water. Adsorption
tests were performed by varying three key parameters: pH,
temperature, and adsorbent dosage. These parameters were
investigated to evaluate their influence on the adsorption
process.

2 Materials and methods

2.1 Chemicals

Natural zeolite was supplied with the support of “Tusorb”
company located in Turkey. Zeolite in the form of a 40
and 100-micron powder was used in the study. Chitosan
(degree of deacetylation: min 75%; low molecular weight
(50.000-190.000 Da)) was supplied by AFG Scientific. The
chemical structure of the Reactive Orange 122 (RO122)
(C5,H,(CIN;Na,04S5) is shown in Fig. 1. The dye solu-
tions were prepared by dissolving 0.1 g RO122 powder in 1
L distilled water for use in the experiment. NaOH and HCI
were used for pH adjustment.

2.2 Preparation of chitosan/zeolite composite
In the present study, pure zeolite and a chitosan/zeolite
composite were used as adsorbents for RO122 removal.

The chitosan/zeolite composites were prepared according
to Lin and Zhan method as follows: 8 g of chitosan was
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Fig.1 The chemical structure of Reactive Orange 122

dissolved in 400 mL of a 2 wt.% solution of acetic acid.
40 g of zeolite was dispersed in 400 mL of distilled water
for 30 min. Then, the zeolite suspension was mixed with
chitosan solution and stirred for 1.5 h at room tempera-
ture. After the pH of the mixture was adjusted to 9 by
using 2 M sodium hydroxide solution the stirring process
was over. Finally, the resulting chitosan/zeolite composite
was allowed to precipitate, washed with distilled water
until it reached a neutral pH, this is called DZC, and dried
at 105 °C [12]. Furthermore, due to the use of excess
distilled water in the pH setting of the solution, a slight
modification was done, the novelty of this study, and the
adjustment of pH of the solution at the final stage of the
chitosan/zeolite composite was performed by using 3 M
HCI, this is called HZC. After the drying process, the
chitosan/zeolite composite was milled and pulverized.

2.3 Characterization of chitosan/zeolite composite

The functional group of the composites was investigated by
ATR-FTIR in the region of 400-4000 cm™! before and after
adsorption at 1 cm™!. The surface morphology of the com-
posites was analyzed using scanning electron microscopy
(SEM). Brunauer—-Emmett-Teller (BET) analysis theory
is usually related to surface area, while the Barrett-Joyner-
Halenda (BJH) model is usually used for porosity [13]. BET
and BJH analyses were performed to measure BET surface
area, single point total and BJH cumulative pore volume,
and BET pore diameter to study the adsorption properties of
zeolite, chitosan, DZC, and HZC materials. For the analysis,
the samples were dried in an oven at 70 °C for 24 h and
then degassed at 150 °C for 1 day. Moreover, the adsorbent’s
point of zero charge (pHpzc) was assessed in 0.01 M KNO,
solutions. The pH value of solutions was adjusted within
the 2—12 range using dilute solutions of 0.1 M HCI and
NaOH. Subsequently, a specified quantity of the adsorbent
was introduced into each 50 mL of the pH-adjusted solu-
tions in glass reactors, and the mixture was stirred for 24 h
at ambient temperature. Finally, the recorded pH values of
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the solutions were graphed against the initial pH to ascertain
the pHpzc value [14].

2.4 Adsorption experiments

Adsorption experiments were conducted at various solu-
tion pH values, adsorbent amounts, and temperatures in
batch mode. One hundred milliliters of 100 ppm RO122
solution were placed in 250 mL Erlenmeyer flask. The
initial pH of the solution was adjusted to the desired value
by adding either HC1 or NaOH solutions. After reaching
the desired temperature, required amount of the adsorbent
was put into the Erlenmeyer and shaken on an orbital
shaker equipped with thermostat at a speed of 200 rpm.
After pre-defined time intervals, the aqueous sample was
centrifuged, and the residual concentration of RO122
solution in the supernatant was measured by a UV/Vis
spectrophotometer at 4,,,, 488 nm.

The adsorption capacity for chitosan/zeolite compos-
ites at any time ¢ (g, mg/g) was calculated using the fol-
lowing equation:

qF(Q C,)V W
m

where C,, and C, are the concentrations of RO122 in aque-

ous solution at initial time and at any time ¢, respectively

(mg/L); V is the volume of dye solution (L); m is the mass

of adsorbent (g). The dye removal efficiency was calculated

using the following equation:

. CO B Ct
RemovalEfficiency(%) = c x 100 2)
0
Each experiment was repeated three times and the
results were given as an average value within the range
of + 5% experiment reproducibility.

2.5 Adsorption kinetic and isotherm models
2.5.1 Adsorption isotherms

The investigation of established interactions between
an adsorbent and a given adsorbate greatly relies on the
adsorption isotherm, which effectively portrays sorption
capacities as a function of the equilibrium adsorbate con-
centration at a constant temperature [15, 16]

In this study, adsorption data were fitted two-parameter
isotherm models of Langmuir and Freundlich isotherm:s.
The underlying assumption of the theoretical Langmuir
sorption isotherm is that maximum adsorption takes place
when a saturated monolayer of solute molecules exists on

the surface of the adsorbent, and the energy of adsorption
remains constant. The Langmuir equation can be employed
to describe chemisorption. The following equation is used:
C. 1 + 1

9e Dmax X KL

Qmax Ce (3)
where C, is the concentration of dye solution at equilibrium
(mg/L); g, is the amount of adsorbate per unit mass of adsor-
bent at the equilibrium or adsorption capacity at equilibrium
(mg/g); Gmax 1s monolayer of maximal adsorption capacity
(mg/g); K; is the adsorption capacity constant (L/mg) [17].
The application of the Freundlich isotherm extends to
heterogeneous systems and is not limited to monolayer for-
mation. The Freundlich equation predicts that the concentra-
tions of dyes on the adsorbent will increase as long as there
is an increase in the dye concentration in the liquid phase.
Freundlich equation can be written as follows [16]:

1
Ing, = InK,; + —InC
9. f n e (4‘)

where K; indicates adsorption capacity (mg/g) and n is
parameter related to the intensity of adsorption, which var-
ies with the heterogeneity of adsorbent [18].

2.5.2 Adsorption kinetics

Adsorption kinetics refers to the time dependence of adsorption
on solid surfaces. Kinetic models enable us to investigate the
adsorption rates and time needed to reach the adsorption equi-
librium [19]. The data were modeled using pseudo-first-order
kinetic model and pseudo-second-order kinetic model. The
pseudo-first-order model describes how the adsorption capac-
ity of solid-liquid systems varies with time can be expressed as:

dg,

m=h@fﬂJ ®)

The linear form of the pseudo-first-order kinetic model
by integrating the Eq. 5 is given as follows:

In(q, — q,) = Ing, — kit (6)

where ¢, is the amount of dye removed per unit mass of
adsorbent at any time ¢ (mg dye/g solid); k; is pseudo-first-
order adsorption rate constant (1/min); ¢ time (min) [20].

The pseudo-second-order kinetic model, also referred to
as the Ho model, postulates that the rate of adsorption is
directly proportional to the square of the number of remain-
ing free surface sites [21]:

dq
— =kle.~a) )
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where k, is the second-order adsorption rate constant (g
mg~! min~!). This model can be linearized as:

SREENNY
4q; kzqez de (8)

3 Result and discussion
3.1 Characterization of DZC and HZC

FT-IR results of chitosan, natural zeolite, DZC, HZC, and
DZC after the adsorption (DZC-2), HZC after the adsorption
(HZC-2) were shown in Fig. 2. As expected, zeolite has SiO,
asymmetric Si,O peak is observed at a wavelength around
1000-1100 cm™", and symmetric Si,O between wavelengths
700 and 800 cm™"! are shown for zeolite, DZC, HZC, DZC-2,
HZC-2. The density of the SiO peak varies for each sub-
stance. The SiO peak of the zeolite is the highest; there has
not been much change in the SiO density between HZC and
HZC-2, but there is a density difference between DZC and
DZC-2. In all other substances except chitosan, O—H bend-
ing of water peaks is shown wavelength 1627 cm™!. The
composite materials, which are DZC, HZC, DZC-2, and
HZC-2, have a little peak at around wavelength 2875 cm™!
that represented a C-H bond that comes from the chitosan.
O-H stretching peaks are at 3300-3600 cm ™! and Brgnsted
acid sites are shown at peaks around 3600 cem~! [22, 23].

It is seen that the peak of the primary amine is at
3345 cm™!, which shows N-H stretching in the FT-IR
spectra of chitosan. The peak 3295 cm™' refers to the O-H
stretching bond in the chitosan molecule. It shows the C-H
bonds between 2840 and 3000 cm™'. Based on the graph, it
appears that chitosan exhibits a distinct peak. At the same

time, the chitosan/zeolite composite (DZC, DZC-2, HZC,
HZ(C-2) also have a small peak here. As expected, there is no
C-H peak in the zeolite. The presence of a secondary amide
molecule is observed at peak 1640-1680 cm™'. The N-H
bending is observed around 1590 cm™~!. Bending of O-H
bonds is observed between 1330 and 1420 cm™!, while the
peak observed at 1317 cm™! indicates the aromatic amine
group. C-O stretching of primary alcohols is observed in the
range between 1050 and 1085 cm~! [22, 24, 25].

The scanning electron microscope (SEM) of chitosan,
natural zeolite, DZC, HZC, and dye-adsorbed DZC (DZC-
2) and HZC (HZC-2) were shown in Fig. 3. While chitosan
has a kind of smooth surface, zeolite does not have a smooth
surface. After the composition process, DZC and HZC have
both smooth and irregular non-smooth surfaces. After the
dye removal process, the surface of the DZC and HZC
adsorbents has become slightly porous. The reason for the
appearance of such a pore structure is due to the attachment
of RO122 to the surface of the DZC and HZC. Following
dye removal, the adsorbent’s micro surface changed, indicat-
ing that there had been structural modifications.

Table 1 shows that the BET surface area of zeolite, which
has a porous structure, is the highest as expected, while the
surface area of chitosan is quite low, 41.0525 and 0.1219 m%/g,
respectively. There was not much change in the BET surface
area between the composite materials DZC and HZC, and as
expected, it gives a value between the surface area of zeolite
and chitosan, 25.1192 and 25.5191 m?%g, respectively. Exam-
ining the volume, Vgp, and Vg, datasets reveal nominal dis-
parities in the volumetric capacities of zeolite, DZC, and HZC.
In stark contrast, the volumetric profile of chitosan markedly
exhibits a significantly small magnitude. Dygr pore diameters
of DZC and HZC were the largest, followed by zeolite and
chitosan, 9.5151, 9.5389, 7.5285, and 6.5885 nm, respectively.

Fig.2 FT-IR results of all
composites
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Fig.3 SEM images; chitosan A
(A), natural zeolite (B), DZC
(C), HZC (D), DZC-2 (E),
HZC-2 (F)

The determined pHpzc value for chitosan/zeolite compos-
ite was 6.3, indicating that when the solution pH was below
6.3, the net surface charge of the adsorbent was positive. In

Table 1 BET and BJH analysis of zeolite, chitosan, DZC, and HZC

Sample  Sgpr (M%/2)*  Vgpa (cm*/2)° Vi (cm¥/g)°  Dgpyp (nm)?
Zeolite  41.0525 0.077266 0.149324 7.5285
Chitosan  0.1219 0.000201 0.000677 6.5885
DzC 25.1192 0.059753 0.140682 9.5151
HZC 25.5191 0.060856 0.130399 9.5389

“BET surface area
bSingle point adsorption total pore volume of pores
“BJH adsorption cumulative volume of pores

4BET adsorption average pore diameter

such instances, the sorption of anionic dyes was heightened
due to the electrostatic attraction between the positively
charged surface of composite and the negatively charged
surface of reactive dyes. Conversely, when the solution pH
exceeded the pHpzc, the surface of composite became nega-
tively charged. As a result, the adsorption capability of chi-
tosan/zeolite composites diminished for anionic solutes [14].

3.2 Effect of contact time

Contact time is usually a factor in adsorption transfor-
mation processes. To determine the contact time of the
adsorption process, adsorption experiments were per-
formed by using natural zeolite, DZC, and HZC at pH 2
and 25 °C. Figure 4 shows the effect of contact time on
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Fig.4 RO 122 concentration adsorbed by natural zeolite, DZC, and
HZC against time. (T=25 °C, pH=2, 1 g/100 mL adsorbent amount,
and 100 ppm initial RO122 concentration)

the adsorption process of RO122 onto natural zeolite and
chitosan/zeolite composites.

As can be seen from Fig. 4, the effect of contact time on
the adsorption capacity of natural zeolite, DZC, and HZC
for RO122 removal was studied between 5 and 120 min. The
dye removal percentage was increased as the contact time
increased until equilibrium. The removal percentage increased
rapidly in the first 5 min and then gradually up to 60 min. This
phenomenon can be attributed to the initially vacant surface
sites available at the beginning of the adsorption process. As
time progresses, the repulsive forces between the dye mol-
ecules adsorbed on the surface of zeolite/chitosan composites
and the solution phase intensify. Consequently, it becomes
increasingly challenging for the remaining vacant surface sites
to be occupied, resulting in a deceleration of the adsorption
rate until it eventually reaches a plateau. Therefore, the opti-
mum contact time was found to be 60 min.

The RO122 removal percentage for natural zeolite was
20.8% after 120 min contact time (Fig. 4). That is why it is
not usable for reactive dye adsorption. On the other hand, the
removal percentages for DZC and HZC were found as 72.2%
and 60.4%, respectively, at the end of 120 min. However,
there was not much change after 60 min for the chitosan/zeo-
lite composites as seen from Fig. 4. Therefore, it was decided
to carry out the adsorption experiments by using DZC and
HZC composites with the optimum contact time of 60 min.

3.3 Effect of solution pH

As is known, the pH of the dye solution plays a criti-
cal role in the adsorption process because it affects
both aqueous charge distribution and the surface bind-
ing site of the sorbent. So, the effect of solution pH on

@ Springer

100

\

80 4

60 -

Removal %

40 A

—e—DZC

20 4 HZC

1 2 3 4 5 6 7
pH

Fig.5 Effect of solution pH on RO122 adsorption onto DZC and
HZC (T=25 °C, 1 g/100 mL adsorbent amount, 100 ppm initial
RO122 concentration)

the adsorption of RO122 on DZC and HZC was inves-
tigated in the pH range 2—6, while initial dye concen-
tration (100 mg/L) and temperature (20 °C) were kept
constant. The results are shown in Fig. 5. As can be seen
in this figure, the adsorbed RO122 increased with increas-
ing solution pH and reached its maximum at pH =4 for
both zeolite/chitosan composites. The observed phenom-
enon can likely be attributed to the electrostatic force of
attraction between the zeolite/chitosan composites and
dye molecules. Reactive dyes, predominantly azo-based
chromophores with various reactive groups, interact with
the active groups on the surface of the composites. When
released into an aqueous solution, reactive dyes form
colored anions. Thus, maximum removal of these dyes is
achieved under acidic conditions due to the electrostatic
force of attraction between the positively charged active
groups on the composites’ surface and the negatively
charged dye anions in the solution. At lower pH levels, an
increased concentration of hydrogen ions is present in the
solution, acting as bridging ligands between the dye mol-
ecules and the surface of the composites. As pH increases,
the zeolite surface is more negatively charged, which
results in induced electrostatic repulsion due to changed
chemistry of adsorbent active group and a decline was
observed in sorption process [26]. The maximum adsorp-
tion capacity of the RO122 takes place at around pH 4,
which was therefore selected for all further adsorption
experiments.

As can be seen from Fig. 5, the removal percentage for
DZC at pH 4 is 99.5%, while at pH 6, it was 91.2%. On
the other hand, the removal percentage for HZC at pH 4 is
99.5%, while at pH 6, it was 96.7%. The removal percent-
age of HZC is greater than the removal percentage of DZC.



Biomass Conversion and Biorefinery

(@)

100

80 A
— 60 -
<
2
¢
g .
& 40 .
NS .
3
20 A .
0 T T T T T
0 10 20 30 40 50 60
Time (min)
¢+ 0lg 025¢g 05g lg

(b)

100

80 4

60 -

40 -

% Removal

20 4 *
0 T T T T T
0 10 20 30 40 50 60
Time (min)
*0lg 0,25 ¢ 05¢g lg

Fig.6 Effect of adsorbent amount on RO122 adsorption onto a DCZ
and b HZC (T=25 °C, pH=4, 100 ppm initial RO122 concentration)

This is probably due to the use of HCI instead of water in
the preparation of the zeolite/chitosan composite. There
are more H* ions in the HZC composite, and therefore, it
adsorbs better due to the excess of the number of OH™ ions,
while the medium is more basic.

3.4 Effect of adsorbent amount

The effect of adsorbent amount on the removal of RO122
was evaluated by varying the amount of the zeolite/chi-
tosan composites, which ranged from 0.1 to 1 g/100 mL.
Preliminary results showed that the maximum adsorp-
tion capacity was achieved at pH 4, so the influence of

100
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Removal %
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20 4

0 10 20 30 40 50 60

® Temperature 25°C Temperature 35°C Temperature 45°C

Time (min)

Fig.7 RO 122 Removal percentage values obtained at different tem-
peratures (0.25 g HZC, pH=4, 100 ppm initial RO 122)

adsorbent amount was tested at pH 4 and a temperature of
25 °C for 100 ppm initial RO122 concentration. The effect
of adsorbent amount on the adsorption of RO122 on DZC
and HZC is shown in Fig. 6.

Figure 6(a) demonstrates that the RO122 removal effi-
ciency of DCZ increased from 50.5 to 99.5% when the
amount of adsorbent was increased from 0.1 to 1 g/100 mL.
Figure 6(b) demonstrated that the RO122 removal efficiency
of HCZ increased from 45.6 to 99.5% when the amount
of adsorbent was increased from 0.1 to 1 g/100 mL. The
increase in adsorption active sites on the adsorbent surface
that occurs with increased adsorbent quantity is what causes
the increase in RO122 removal effectiveness. However, the
RO122 adsorption capacities for DCZ and HCZ decreased
with increasing adsorbent amount. The amount of RO122
adsorbed onto the unit weight of adsorbent decreases with
increasing adsorbent dosage because of a split in the flux
or concentration gradient between the concentration of
RO122 in the solution and the concentration of RO122 on
the adsorbent surface.

3.5 Effect of temperature

In this study, the effect of temperature on RO122 adsorp-
tion was investigated at temperatures of 25-35-45 °C with
pH=4 using 0.25 g of HZC adsorbent. According to the
experiment results, dye removal decreased from 83.2 to
70.8% when the temperature rose from 25 to 45 °C, as shown
in Fig. 7. Accordingly, it can be said that the exothermic
process controlled the RO122 dye adsorption using HZC
adsorbent. The reason for this behavior may be the deactiva-
tion of active sites on the composite at higher temperatures.
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Fig.8 Color change of RO 122 during the adsorption process a with
DZC and b with HZC

This deactivation leads to a decrease in the sorption capac-
ity of the composite at elevated temperatures. Kausar et al.
quoted same results for direct Rose FRN dye removal using
chitosan/clay composite [17].

In Fig. 8, the visuals of the RO122 dye removal with
respect to the time during the adsorption processes were
shown.

3.6 Adsorptionisotherm

The collected data in the experiments studied under optimal
parameters by adding varying quantities of adsorbent to the

dye solution were used to analyze Langmuir and Freundlich
isotherms. Isotherm studies were carried out by contacting the
RO 122 dye solution at an initial concentration of 100 mg/L
and the HZC composite at concentrations of 0.1, 0.25, 0.5,
1 g/100 mL until it reaches equilibrium at 25 °C and pH=4.
The adsorption isotherm models of HZC are shown in Fig. 9.
The estimated parameters and statistical values of these mod-
els are presented in Table 2. By having a higher correlation
coefficient (R?) and a lower standard error than the Langmuir
isotherm in the tested range, the Freundlich isotherm model
was found to be the most accurate model.

In the Freundlich isotherm model, the constant 1/n rep-
resents the sorption intensity of the adsorbent and provides
insights into the mechanism of adsorption. In the present
study, the 1/n value was obtained as 0.33, indicating that
the isotherm is favorable for the adsorption of RO122. This
result suggests that the dye is primarily adsorbed onto the
heterogeneous surface of the adsorbent, and the adsorption
mechanism is likely chemisorption [27].

3.7 Adsorption kinetics

Kinetic modeling studies were performed utilizing the experi-
ments investigated under optimum parameters in order to make
a kinetic evaluation of the data gained in the experiments.
The mechanism of the adsorption process was studied using
pseudo-first order and pseudo-second order kinetic models.
The adsorption kinetic models of HZC are shown in Fig. 10.

Fig.9 Adsorption isotherm (a) 140 (b) 4.5
model of RO 122 by HZC a
Langmuir isotherm and b Fre- 1.20 A 401
undlich isotherm 3.5 4
1.00 1
3.0
L. 0380 | & 251
o =
O 060 2.0 1
s 15
0.40
1.0 A
<
0.20 05 |
0.00 4 T T 0.0 T T T
0 20 40 60 -2 0 2 4 6
Ce In Ce
Table 2 Isotherm H}O(.iel Langmuir 1sotherm
parameters and statistical values
for RO122 removal onto HCZ Isotherm equation R? c K; (L/mg) Ginax (ME/E)
C./q,=0.0203C,+0.11 0.9872 0.07980 0.1845 49.2611
Freundlich 1sotherm
Isotherm equation R? c K (mg/g) n
Ing,=0.3301(InC,) +2.5144 0.9941 0.06150 12.3592 3.0294
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The estimated parameters and statistical data of these models
were presented in Table 3. As seen from Table 3, among these
models, the pseudo-second-order kinetic model was found
to be the most suitable for all experimental data, with high
values for the coefficient of determination and low values for
the standard error. The pseudo-second-order kinetic model is
an approach that considers the sorption capacity of the solid
phase. It assumes that the sorption process follows a chem-
isorption mechanism, which involves the interaction of valence
forces. This interaction occurs through the sharing or exchange
of electrons between the sorbent (solid phase) and the sorbate
(substance being adsorbed) [28].

4 Conclusions

Composites made of zeolites showed better benefits than raw
zeolites for the adsorption of several hazardous substances
from water sources. In this study, zeolite/chitosan compos-
ite, aiming to increase the adsorption capacity, was used as
an adsorbent to remove RO122 textile dye. RO122 removal
has been studied under various experimental conditions. The
result shows that increased pH would increase the adsorption

Table 3 Parameter and

/ 9.95
statistical values of kinetic 9. (exp) (mg/g)

models Pseudo-first-order

q. (mg/g) 2.77

k, (min~") 0.1971
R? 0.7805
c 0.8595
Pseudo-second-order

q. (mg/g) 9.99
k, (min.g/mg) 1.9475
R? 0.9998
c 0.0299

capacity, while increased adsorbent dose would decrease the
adsorption capacity. The experimental data for RO122 is con-
sistent with the pseudo-second order kinetic model. Of the
adsorption isotherm models tested, the Freundlich one gave the
best fit to the experimental data for RO122. Finally, according
to the results, it can be concluded that zeolite/chitosan com-
posite can be employed as a novel, effective, and alternative
adsorbent for dye removal and other environmental pollutants.
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