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ABSTRACT

In this investigation, batch adsorption was utilized to get rid of the anionic azo dye from an aqueous
solution. Adsorbents based on zeolite NaX were used. The results showed that zeolite NaX adsor-
bents achieved greater removal efficiency with values of 72.34%. According to the findings, with
R?=0.9958, adsorption model using the Langmuir isotherm showed a greater correlation coefficient.
When the Freundlich, Temkin, and Langmuir isotherm adsorption models were assessed. According
to type Langmuir isotherm adsorption, 0.42187 mg/g was established as the maximal absorption of
azo dye. The Langmuir isotherm model’s equilibrium parameter (R ) values showed that all R, values
were between 0 and 1, demonstrating the favorability of the Langmuir isotherm. Pseudo-first-order
and pseudo-second-order models were used to examine adsorption kinetics. It was discovered that
the pseudo-first-order kinetics of the zeolite NaX adsorption rates were supported, with R? values
of 0.9894 for the high connection. The outcomes demonstrated zeolite NaX’s moderate dye removal
efficiency.
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1. Introduction

The textile sector is now recognized as a substantial and
serious cause of water quality issues by discharging large
volumes of effluent into surface water bodies since it cre-
ates large volumes of highly contaminated wastewater [1,2].
Considering its chemical makeup, which consists of organic
compounds, colors, and detergents, this type of wastewa-
ter is also seen as dangerous and highly polluted [3,4]. The
widespread use of organic dyes in the paper, textile, and
apparel industries has resulted in severe environmental

* Corresponding author.

contamination [5,6]. Common organic pollutants identi-
fied in aquatic habitats include dyes, drugs, surfactants,
phenols, and pesticides [7,8]. Numerous environmental
issues arise as a result of the discharge of this highly pol-
luted effluent into aquatic environments. For example, it
produces unpleasant colors and smells [9], inhibits sun-
light penetration, which is bad for aquatic life [9,10], and
lowers the concentration of dissolved oxygen [11]. Azo-
dye is regarded as dangerous to humans because to the
possibility of it causing thyroid cancer, eczema, migraines,
blurred vision, itching, hyperactivity, and other medical
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and behavioural problems [12]. Contrarily, azo dyes may
degrade into long-lasting hazardous byproducts after they
are received [13]. Membrane separation, anaerobic or aer-
obic treatment, coagulation, electrochemical oxidation,
chemical oxidation, microbial degradation, filtering, and
chemical oxidation are some of the (chemical, physical, and
biological) methods used to get rid of this colour [14-17].
The drawbacks of some of these methods include signif-
icant expenses, the creation of secondary pollutants, and
labour-intensive, unsuccessful processes, and low removal
rates [18]. Adsorption has been utilized more frequently
than other approaches to remove synthetic colors from
aqueous effluents due to its ease of use, capacity to regener-
ate the adsorbents, immunity to hazardous compounds, low
cost, and treatment efficacy even with diluted solution [19-
23]. Additionally, it does not produce sludge, in contrast to
chemical precipitation or coagulation—flocculation processes
[24]. Zeolite NaX was first used in many of chemical indus-
tries as ion exchangers, adsorbents, or catalysts to remove
organic pollutants such colors from industrial effluent [25].
An indisputable advantage of zeolites is their low influence
on aging, especially when exposed to radiation [26]. The
adsorbents must also be sufficient for removing different
types of color.

This study looked at the efficiency of zeolite NaX as a
commercial adsorbent for batch-level azo dye adsorption
from industrial wastewater. The pH, contact time, dye con-
centrations, and adsorbent dose were some of the variables
we examined. Isotherm and kinetic experiments were also
performed to evaluate the dye removal process’ efficacy
and the adsorbents’ capacity. The theoretical framework
provided by this study can be used to increase the efficacy
of commercial materials as adsorbents in the reduction of
anionic dye pollution.

2. Materials and methods
2.1. Chemicals

Anionic dye, also known as E102, FD&C Yellow 5,
or Acid Yellow 23, was provided by the Sigma-Aldrich
Company of Germany and has a molecular weight of 534.4.
426 nm is the wavelength of it. A stock dye solution was
created using the dye (0.5 g) and water, each liter of dis-
tilled water contains 0.5 g of color. The resulting mixture
was adjusted to obtain the test starting concentrations after
being compared to industrial effluent concentrations at
the Main Corporation of the Textile Iraqi Sector. pH values
were then controlled using 97% and 98% pure NaOH and
HCI, respectively, obtained from Sigma-Aldrich Company
(Germany). Zeolite NaX (purity 99.9%) was acquired from
Central Drug House in Iran.

2.2. Preparation and properties of adsorbent

In this work, 1.3 mm-diameter zeolite NaX
[Na,, (AlO,), (Si0,),,,] with a bulk density of 650 g/L. was
used. Prior to use, zeolite NaX was cleaned with water,
treated with a 1 M MgCl, solution, and dried at 373 K. The
pH of the mixture was thereafter changed continuously
using solutions of sodium hydroxide and hydrochloric acid.
Furthermore, laboratory-grade chemicals were employed

for experimentation, whereas analytical-grade chemicals
were used for analysis. Throughout the entire investigation,
deionized water was used.

2.3. Batch adsorption experimental setup

In this investigation, batch adsorption experiments
were carried out to determine the ideal conditions for azo
dye removal at an ambient temperature of 23°C, a vari-
ety of adsorbents, a pH range of 2 to 10, 0.1-0.5 g of adsor-
bent, and other ingredients. 5-45 mg/L of dye was present
in the samples. 50 mL of the measurement solution was
then added to 100 mL beaker with a predetermined the
amount of synthetic material at its starting concentration
of dye and pH. A mechanical shaker (the German-made
Heidolph Unimax 1010 Model, which continually shook at
150 rpm) was used to shake the test solution until the pH
values were as required using either 1 M NaOH or 1 M HCL.
After the interval duration was established, samples were
taken and centrifuged for 10 min to distinguish the adsor-
bent from the mixture at 2,500 rpm. A double-beam spec-
trophotometer and spectrophotometric equipment (Jenway
6850, Germany) were used to measure the amount of dye
still present in the supernatant at 426 nm. The percent-
age of dye elimination was calculated using the following
equation:

C,-C
Percentage of dye removal = % x100% (1)

0

where C (mg/L) is the starting concentration of dye and
C, (mg/L) the equilibrium concentration.

2.4. Isotherms adsorption

Isotherm adsorption determines the state of equilib-
rium between the sorbate and the adsorbent. the ratio
of the amount remained in the solution to that which has
been adsorbed at equilibrium and constant temperature.
To select the most appropriate model to be used throughout
the design phase, data on isotherm must be proportioned
appropriately with different isotherm models [27]. In this
work, Langmuir, Freundlich, and Temkin’s three isotherm
models were investigated. Eq. (2) represents the Langmuir
model equation:

C. L& @

9 Ve G

where C, (mg/L) is the azo dye concentration, g, (mg/g) equi-
librium adsorption capacity, and b (L/mg) the equilibrium’s
Langmuir constant. It is possible to calculate the maximum
capacity of adsorption (g, (mg/g)), employing a (C/q) vs.
C, plot and its slope and intercept. Such a formula suggests
that an azo dye monolayer was applied to the face of the
adsorbent surface of the zeolite NaX, which has been used
successfully in several adsorption processes. The separa-
tion factor known as dimensionless equilibrium constant
(R,) has the following form [28,29]:

R, = L
1+0C,
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The value of R, indicates four possible conditions of
the isotherm: (1) favorable (R, < 1), (2) unfavorable (R, > 1),
(3) linear (R, =1), or (4) irreversible (R, = 0) [30].

Furthermore, at constant energy, heterogeneous sur-
faces serve as the foundation for the Freundlich isotherm
and does not impose any restrictions on the formation of
monolayers. A heterogeneous system is defined by the
Freundlich isotherm, an empirical equation. The linearized
Freundlich isotherm’s equation is:

1
Ing, = ;lnCe +Ink, 4)

where k. and 1/n are the adsorption capacity at a given
concentration and the adsorption intensity, respectively.

One of the characteristics of the Temkin isotherm
model that is well displayed is the relationship that exists
between the particle that is being absorbed and the adsor-
bent. The models presented below as Eq. (5) were devel-
oped using this model:

q,=BInC, + BInA (5)
RT
= ©

The constants A and B, which are comparable to the
Temkin constants for the heat of adsorption (b) (J/mol)
and the gas constant R (8.314 mol/K), respectively, were
calculated by plotting g, vs. InC,. B is a Temkin isotherm
constant equivalent, while T is the absolute temperature
in K. By considering the adsorption, a Temkin graph of
the g, vs. InC, is produced. using a spectrophotometer
and the previously indicated connection, as well as its
derived parameters [31].

2.5. Adsorption kinetics models

The adsorption rate constant can be calculated using
the pseudo-first-order Eq. (7) [32]:

In(q, -q,)=Inqg, Kt @)

where g, and g, (mg/g) are the amounts of azo dye
adsorbed at equilibrium and ¢ is time (min), k, (min) is the
pseudo-first-order adsorption rate constant.

Another sort of kinetic model that clarifies the kinet-
ics of the adsorption process is pseudo-second-order [33].
The form of this kinetic equation is as follows:

t 1 t

= + —
q, ka4,

®)

where (g) is the equilibrium adsorption capacity and
k, (g/mg-min) is the second-order constant, respectively.
The intraparticle diffusion model is in Eq. (9) [34]:

g, =kt +C )

where k, (mg/g'min®®) indicates the constant for the intra-
particle diffusion rate, while C indicates the constant related

to intraparticle diffusion. If a line can be drawn when plot-
ting g, vs. 1%, it signifies that the adsorption process is lim-
ited to intraparticle mass transfer. But if a number of linear
plots can be drawn using the same data, it demonstrates
that the adsorption process has been greatly influenced
by the multiple phases associated with the aforemen-
tioned stages. The values of C indicate the boundary layer
thickness, with a lower values of the intercept signifying
that the boundary layer has less of an effect [35].

3. Results and discussions
3.1. Batch adsorption

The effects of numerous variables, including con-
tact time (10-140 min), pH (2-10) beginning concentra-
tion of azo dye (5-45 mg/L), and the speed of shaking
(100-180 rpm), were studied using dosages of zeolite NaX
adsorbents (0.1-0.5 g).

3.1.1. Effect of contact time

Fig. 1 shows how changing the contact duration from
10-120 min has an effect on the percentage of dye removal
at 5 mg/L. The percentage removal increased as contact
duration increased and eventually stabilized. This could be
the result of zeolite NaX reaching equilibrium. As demon-
strated, initially rising then falling over time, the rate of
azo dye adsorption. In contrast to the latter, slower rate of
azo dye adsorption, the surface of the adsorbent had less
active sites than was required early on [36]. Similar trends
for dye removal [37] and organic acid removal [38] from a
variety of adsorbents have been documented in the litera-
ture. Adsorption of the dye and adsorbents achieved equi-
librium after 120 min of contact time. The removal efficiency
for an azo dye concentration of 5 mg/L using zeolite NaX
was 57.75%.

3.1.2. pH effects

The pH is one of the most crucial factors in the proce-
dure of adsorption since it can affect the properties of the
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Fig. 1. Effect of contact time on adsorption of azo-dye at azo dye

concentrations = 5 mg/L, pH = 5, temperature = 23°C, zeolite
NaX adsorbents dose = 0.3 g, and shaking rotary speed =200 rpm.
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metal in solution and the load of the active sites on the sur-
face [39]. In this study, the impact of pH on the adsorption
of the azo dye adsorption was examined. The pH range
for the azo dye adsorption experiments was 2-10, and the
temperature was 23°C. According to Fig. 2, pH 2 had the
highest removal efficiency when it came to dye adsorption
by zeolite NaX, whereas pH 10 had the lowest. The exis-
tence of anionic azo dye in decomposed shape as dye ions
in aquatic fluids can be utilized to explain this. Anionic azo
dye includes an intense electrostatic draw to the positively
charged objects of zeolite NaX at low pH levels, boosting dye
absorption. Adsorbent surfaces become negatively charged
and the positive charge sites on them contract at high pH
values. In this case, there was some electrostatic repulsion,
which caused some azo to be absorbed from the water
solution [40,41]. Additionally, OH- ions successfully com-
pete with dye ions when pH rises to lessen dye adsorption.
Studies utilizing corn silage to study dye adsorption have
found that when pH increases, dye adsorption efficiency
decreases [42]. Zeolite NaX indicated clearance rates of
66.97% at 0.2 g/100 mL dye after 120 min at lower pH values.

3.1.3. Effect of adsorbent dosage

Fig. 3 depicts how the adsorbent dosage affected the
elimination of azo dye until 0.3 g, the percentage of azo dye
removal rises before falling. As adsorbent dose rises, less
dye is absorbed per unit of adsorbent weight, lowering the
adsorption capacity (mg/g). Adsorption capacity is reduced
in this situation as a result of high adsorbent concentration
and increased accessibility to active sites. As a result, dye
removal is constrained when adsorbent concentration is ris-
ing while dye concentration is steady [43]. As a result, zeo-
lite NaX adsorbents (0.3 g) was decided upon as the ideal
dosage. After 120 min and 5 mg/L concentration of azo dye,
zeolite NaX (0.3 g) had a 68.32% removal efficiency of azo dye.

3.1.4. Impact of azo dye’s initial concentration

When zeolite NaX 0.3 g/100 mL is used as an adsor-
bent, The effectiveness of the removal is shown in Fig. 4 in
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Fig. 2. Effect of pH on adsorption of azo-dye at contact
time = 120 min, azo dye concentrations = 5 mg/L, tempera-
ture = 23°C, zeolite NaX adsorbents dose = 0.3 g, and shaking
rotary speed = 200 rpm.

relation to the range 5-45 mg/L of azo dye concentration.
In the tests, 23°C, pH 2, and 120 min contact time were all
used. As the original azo dye concentration grew, it appeared
that the efficacy of azo dye removal dropped, as illustrated
in Fig. 4. The adsorbent layer was found to be saturated at
spots of adsorption [44]. Which was based on the hypothe-
sis of monolayer dye most likely developed at the interface
of adsorbent dye. The increase in azo dye starting concen-
tration facilitates additional interactions between azo dye
molecules and adsorbents. Thus, the pushing power of the
concentration gradient increases [45]. Zeolite NaX enabled
the elimination of the azo dye 68.32% at a concentration of
5 mg/L, compared to 46.56% at a concentration of 45 mg/L.

3.1.5. Shaking speed effects

By adjusting the speed of shaking from 100 to 180 rpm,
it was feasible to assess how the elimination of azo dye by
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Fig. 3. Effect of zeolite NaX adsorbent dose on adsorption
of azo-dye at contact time = 120 min, azo dye concentra-
tions = 5 mg/L, pH = 2, temperature = 23°C, and shaking rotary
speed =200 rpm.
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Fig. 4. Effect of initial azo-dye concentration at contact
time = 120 min, azo dye concentrations = 5 mg/L, pH = 2, tem-
perature = 23°C, zeolite NaX adsorbents dose = 0.3 g, and
shaking rotary speed = 200 rpm.
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0.3 g of zeolite NaX at pH 2 was impacted. The amount
of azo dye removed rose from 58.34% to 87.56% after the
speed of shaking was raised to 180 rpm with zeolite NaX,
as shown in Fig. 5. With quicker shaking rates, there was
a little decrease in the percentage of azo dye removal. The
cause of this rise is that the relationship of the dyes with the
surface of the adsorbent increased along with the shaking
speed, which sped up the reaction between the anionic dye
and positively charged adsorbents [46].

3.1.6. Optimum conditions

Using an adsorbent dosage of 0.3 g, 2 of pH, 5 mg/L
of starting dye concentration, 180 rpm of shaking, and
120 min of contact time, the optimal values for zeolite NaX
adsorbent were attained.

3.2. Adsorption isotherm

Fig. 6 shows the azo dye’s adsorption isotherms onto the
adsorbent zeolite NaX. The optimal adsorbents dose was
applied at 0.3 g of zeolite NaX during 120 min of stirring at
150 rpm, 23°C, and pH 2. Table 1 displays the correlation
coefficient values for the Temkin (A, B, and R?), Freundlich
(kf, n, and R?), and Langmuir (g, b, and R?) isotherms.
Additionally, the Langmuir isotherm model, which fits dye
adsorption on zeolite NaX the best and has a high R* value,
is mentioned [47]. According to Table 1, all of the equilib-
rium parameter (R,) values for the Langmuir isotherm model
were the value between 0-1, indicating that the Langmuir
isotherm is advantageous [48].

120
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5)

100 120 150 180
Speed (rpm)
Fig. 5. Effect of shaking rotary speed on azo-dye removal at con-

tact time = 120 min, azo dye concentrations = 5 mg/L, pH = 2,
temperature = 23°C, and zeolite NaX adsorbents dose = 0.3 g.

Table 1

3.3. Kinetics of adsorption

Adsorption assays were carried out to look at the kinet-
ics of various dye concentrations at an optimal adsorbent
dose at pH 2, 23°C, and 150 rpm agitation speeds over time
intervals of 10-140 min. The values of the pseudo-first-order
rate constant, k,, are reported in Table 2 and were derived
from the linear plots of In(g, — g,) vs. t (Fig. 7). The pseudo-
second-order parameters (k, and g ), which were determined
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Fig. 6. (a) Langmuir, (b) Freundlich and (c) Temkin isotherms.

Azo dye adsorption on zeolite NaX according to the Langmuir, Freundlich, and Temkin models

Adsorbents Langmuir constants Freundlich constants Temkin constants
J o (ME/8) b (L/mg) R? R, 1/n k, R? B A (L/mg) R?
Zeolite NaX 0.42187 0.025 0.996 0.88 0.949 0.14612 0.459 0.067 12.484 0.949
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Table 2

Constants of azo dye kinetics adsorption on zeolite NaX according to the pseudo-first-order, pseudo-second-order, and intra-

particle diffusion model

Adsorbents g, Pseudo-first-order constants

Pseudo-second-order constants

Intraparticle diffusion constants

(ms/e) , (mglg) k (g/mgmin) R g, (mg/g) k,(g/mgmin) R k, (mg/g-min’?) R?
Zeolite NaX 0.42187 0.437928  0.0042 0.989 0.170094  0.096061 0.9793 0.69 0.9463
0 q ) 80
02 0 20 40 60 80 100 120 140 0
o]  y=06911x+3489
0.4 R2=0.9463
- 0.6 ) S0
g 0.8 y =-0.0042x - 0.8257 %n 40 - A/k‘__i__; —A
-VJ. 2
g R? = 0.9894 Z 3 |
2 1 =2
20 |
1.2 10|
1.4 0

Time (min)

Fig. 7. Pseudo-first-order kinetic plot for adsorption of azo-dye
over zeolite NaX.
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Fig. 8. Pseudo-second-order kinetic plot for adsorption of
azo-dye over zeolite NaX.

using the slope and intercept from the plot of t/g, against
t (Fig. 8), were then assigned correlation coefficients in
Table 2. The excellent linearity of the pseudo-first-or-
der model was confirmed by the high R? values and
graphs. The pseudo-first-order model was suitable to
capture the adsorption kinetics of azo dye by zeolite NaX
because the azo dye adsorption was a procedure with sev-
eral stages that involved the adsorption onto the exterior
layer and penetration into the inside of adsorbents [49].

In order to better understand the mechanism and rate-
controlling mechanisms, the experimental findings were fit-
ted to the intraparticle diffusion model in accordance with
Eq. (9), as shown in Fig. 9. The larger slope of the dotted
lines in this area is indicative of a higher gradient of con-
centration, as illustrated by Fig. 9, which illustrates depen-
dency on external diffusion. This resulted from a decrease

0 1 2 3 4 5 6 7 8 9 10
Time"3 (min®5)

Fig. 9. Intraparticle diffusion model plot for adsorption of
azo-dye over zeolite NaX.

in the gradient of azo-dye concentration and saturation of
zeolite NaX external sites. Table 2 shows that k, values is
0.6911 mg/g-min® with determination coefficient R* = 0.9463.

4. Conclusion

According to the outcomes of the current experiment,
when performed under the same operating conditions,
using zeolite NaX was relatively efficient in removing azo
dye from aqueous solutions. As azo dye removal contin-
ued, contact duration, the speed of shaking, and adsorbent
dose all increased, whereas starting concentrations of azo
dye and pH declined. At 5 mg/L, pH 2, and 180 rpm, the
greatest quantity of azo dye was absorbed, which is com-
parable to a removal efficiency using zeolite NaX 72.34%
at 0.3 g/100 mL of adsorbents. The optimal contact time for
zeolite NaX was discovered after 120 min of exposure. The
higher correlation coefficient of the adsorption data made
it more compatible with the Langmuir model than with the
Freundlich and Temkin models. The equilibrium parameter
(R)) values for the Langmuir isotherm model revealed that
all R, values were between 0 and 1, demonstrating the ben-
efit of the Langmuir isotherm. This demonstrates that zeo-
lite NaX is only marginally successful at removing the azo
dye, which is uniformly dispersed in a monolayer coating
on the adsorbent’s exterior. The pseudo-first-order kinetic
model was validated using adsorption studies.
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