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KEYWORDS Abstract The developing countries are suffering from the toxicity of different industrial effluents,
Nano bentonite: especially dyes that contaminate water systems. This study successfully explained the preparation
Adsorption isotherm; and characterization of nano bentonite to extract Direct Yellow Fifty (DY50). Direct Yellow 50
Kinetic studies; is an organic contaminant that may affect the quality of water. The characterization of prepared
Direct yellow 50; nanoparticles was done using Scanning electron microscopy (SEM), X-ray diffraction (XRD),
Wastewater and Fourier-transform infrared (FTIR). The impact of different operating conditions was studied

using different pH, dose, temperature, contact time, and initial DY 50 concentrations. The obtained
results indicated that nano bentonite could adsorb about 94 % at initial concentrations of 40 mg/L,
respectively. The optimum removal conditions were observed at an acidic pH (pH 3) using a sorbent
material dosage of 0.05 g for 4 h at 30 °C. The adsorption isotherm, kinetic analysis, and thermo-
dynamic behavior were studied using linear equation form, and the adjusted R*> was compared to
detect the preferred models. The adsorption behavior pseudo-second order kinetics, and fitted
Langmuir isotherm model, respectively, showed the chemisorption interactions between adsorbed
and sorbed molecules. Thermodynamic behavior indicated that the reaction was exothermic.
Finally, this study strongly recommended using nano bentonite for DY 50 removal from an aqueous
solution.
© 2022 The Author. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

E— Water is an essential polar solvent all over the world
E-mail address: calabbad@iau.edu.sa (Mahmoud et al., 2019). So, it can carry out a broad range
Peer review under responsibility of King Saud University. of inorganic and organic pollutants. The reuse of wastewater
is the most critical solution to overcome water sacristy prob-
lems (Brown et al., 2009). Soluble organic pollutants are the
most hazardous pollutants that all countries face, and they
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have difficulties getting red from these contaminants in eco-
nomic and fast ways (Cordell et al., 2009; Mahmoud et al.,
2018). Different organic contaminants may affect water qual-
ity, such as colour, pesticides, carbon, nitrogen, and sulfur pol-
lutants (Karam et al., 2020; Fan et al., 2009; Zhao et al., 2009;
Ho et al., 2002). Color contaminants are one of the most com-
mon water and wastewater contaminants. Direct yellow 50 is
one of these contaminants that may affect the quality of water
(Wawrzkiewicz et al., 2021). The existence of colour in water
and wastewater indicated a large number of organic carbons
in the water or wastewater (Karam et al., 2020).

Many technologies were used to remove organic contami-
nants in different ways (Ho et al., 2002). The degradation
and adsorption process is the most common treatment process
used for organic contaminants removal (Mahmoud et al.,
2020; Farahmandjou et al., 2015). Chemical coagulation, elec-
trocoagulation, biodegradation, and filtration are also used for
moderate organic and colour removal (Ghernaout, 2009).
Recently, nanotechnologies have been commonly used for
organic removal from wastewater (Cincinelli et al., 2015).

Direct dye is azo dye, which is comparable to acid dyes. Pri-
marily, dis-azo and tri-azo molecular game plans are com-
monly used due to direct dyes, besides a strong
predominance of non-metallized natures to every shade inde-
pendently (Alabbad, 2021). These sorts of dyes are usually
used in numerous industries as essential colorants because of
the simplicity of the products they provide, as well as the wide
assortment of cost-effective and easily accessible items. In this
manner, direct dyes have been widely utilized in various indus-
tries as of late, too (Derudi et al., 2007; Mo et al., 2008). Direct
Yellow 50 is an example of a synthetic diazo dye made by
Boruta-Zachem (Poland). Cellulosic fibers or their blends
can be dyed using the water-soluble dye DY 50, which is com-
monly used in the textile industry. DY50 has a molecular
weight of 956.82 g/mol. Soluble in water and slightly soluble
in ethanol. It is primarily used for cotton, viscose, and silk dye-
ing and printing, and it can directly print as well as discharge
printing color. Electrochemical reactions can also be used to
dye nylon, leather, paper, and aluminum (Wawrzkiewicz
et al., 2020).

The fact that bentonite is an abundant raw material has
many physical and chemical characteristics do not present in
other minerals, such as its small particles being thixotropic,
having a high swelling capacity, a porous interlayer, a high
adsorption capacity, heat resistance, constant surface charge,
and having a large ion exchange capacity (Khan et. al., 2017,
Tohdee et.al., 2018). In addition, the weak nature of the bonds
between the bentonite molecules makes it possible for water to
casily pass between them, leading to their separation from one
another and the bentonite’s remarkable capacity to expand,
which can reach eight times its initial size. From an economical
point of view, bentonite is less expensive than other materials
such as activated carbon, so it is used as a bio-sorbent for
water treatment (De Camillis et. al., 2016; Dehgani et al.,
2020).

Nano bentonite has a strong ability to adsorb a broad
range of wastewater and water contaminants due to its high
surface and reactivity (Ahmed et al., 2015). Studied color
removal from textile effluent using different techniques and
indicated the ability of bentonite to adsorb basic dyes (Balaji
et al., 2015). Mukhopadhyay studied bicarbonate and nitrate

removal from wastewater using nanoparticles (Iron Oxide
and bentonite) and the obtained results indicated that
Fe-exchanged nano bentonite can adsorb 29.33 mg/g after
120 min with significantly less than 0.05 g (Mukhopadhyay
et al., 2019). Studied the efficient removal of cationic organic
dye with the help of nanocomposite incorporated bentonite
(Jana et al., 2019). Studied reactive dyes deletion from this
aqueous solution using dirty bentonite and the obtained results
indicated B-Mg (OH), have strong ability to adsorb a wide
range of dye concentration reached ~ 50 mg/g at acidic media
after 3 h from contact time (Chinoune et al., 2016).

This study was directed toward using nano bentonite for
the adsorption of waste materials that is easily prepared in
many developing countries with the advantages of low cost
and efficient adsorption of organic dyes and heavy metals from
the aqueous media. This study attempts to examine and ana-
lyze the deletion of DY 50 from an aqueous solution by nano
bentonite. The synthesized nano bentonite was well character-
istic for DY 50 removal. The effect of various operating condi-
tions was conducted to optimize the effective conditions.
Finally, the adsorption isotherms, kinetic studies and thermo-
dynamic behavior were designed to describe the reaction mech-
anism, equilibrium state, and spontaneous nature of the
reaction.

2. Materials and methods

Practically, every substance was gotten from commercial
sources and used without additional change. From Merck,
the DY 50 color was bought. The research works were carried
out using an ultra violet-scanning spectrophotometer (which is
UVD-2950 model) (LABOMED, Inc), the orbital shaker
(steady shake, 757), as well as pH meter (Metrohm, 525A).
The assortment of nano bentonite tests was carried out in Ara-
mco Co., the Kingdom of Saudi Arabia.

The nano bentonite tests were distinguished through the X-
ray diffraction method, which was suggested by the examina-
tion expert’s dependent on their investigation conducted in
(Onal et al., 2007). The cation exchange capacity (CEC) calcu-
lation was also based on (Kelessidis et al., 2007) techniques.

2.1. Preparation and characterization of nano bentonite

Nano bentonite was obtained as a gift from Aramco Co.,
Kingdom of Saudi Arabia as mentioned previously, and the
method of preparation using flotation and sedimentation tech-
niques was provided in supplementary materials. Using
IRAFFINTT-2 as Fourier Transform an Infrared gear, the
example for spectra were also described between 400 and
4000 cm~'. The powdered sample was studied by XRD using
the SHIMADZU (XRD-7000), with Cu as the target, (40 kilo
Volt), 30 mega Ampere, scan range five to eighty degrees, and
scan speed of 2 degrees per minute.

Besides, when performing absorption tests, a SEM “FEI,
Inspect S50, Czech Republic” has been applied to capture
micrographs at different amplifications at a speed up voltage
of 20 kV. For analysis of pore size and surface area, a
Brunauer—Emmett-Teller (BET) analyzer for surface area
was used, “NOVA 1200 e¢”, with N, as the analysis gas, anal-
ysis time of 130.5 min, and shower temperature (273 K).
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2.2. DY50 solution preparation

With no extra purification, the chemical formula of “DYS50
powder” (C35H24NgNa40,3S,) was used as a standard solution
(anionic) that was set up by dissolving [DY 50 powder] within
distilled water. DY 50’s constitution is depicted in the diagram
below in Fig. 1. Sequential dilution was used to prepare the
concentrations of the dye (1, 3, 5, 7, 10, 15, 20, and
30 ppm). At a [A = 412 nm] wavelength, these concentrations
were used to build a calibration curve. Following that, the con-
centrations of vague dye solutions were detected based on the
calibration curve.

2.3. DY50 dye adsorption onto nano bentonite

The dye removal was studied using the batch equilibrium reac-
tion. At first, a 100 mL DY 50 solution was placed in a 500 mL
bottle and held for 45 min at 30 °C with a 0.05 g sorbent.
Using 1.0 mol HCI and 1.0 mol NaOH the pH was adjusted
from 2.0 to 10.0.

To examine the effect of this contact time at the dye evac-
uation, a similar cycle was used with different cycles 5, 10, 20,
30, 60, 120, 240, 480, and 1440 min. A similar experiment was
also conducted at different DYS50 color concentrations
(25.0 mL) with 20.00, 40.00, 60.00, 80.00, and also 100 mg/L
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Fig. 1
absorbance, A max = 412 nm.

(a) Direct Yellow 50 Structure, (b) Direct Yellow 50 calibration curve, and (c¢) Direct Yellow scanning with maximum
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and temperatures 20, 30, 40, 50, 60, and 70 °C. The dye adsor-
bent of several weights 0.01, 0.02, 0.05, 0.1, 0.2, and 0.3 g was
also used to investigate the effect of the nano bentonite quan-
tity. As a result, all samples were filtered, and the residual
DY50 quantity has been calculated using ultra -violet visible
spectroscopy “A 300 to 800 nm”. The information on absor-
bance was collected at the maximum wavelength [A].

At equilibrium state, DY 50 quantity of dye adsorbed “Qe”,
was assessed through Eq. (1):

(Co=C)/v
m

0.(mg/g) = (1)

Where Qe (mg/g) DY50 absorbed/g sorbent, while v repre-
sents a volume of DY50 solution L, [Co] is an initial DY 50
concentrations, m represents weight of nano bentonite in
grams, and Ce is DYS50 equilibrium concentrations (mg/L).
The quantity of DY50 filtered and extracted at different inter-
vals during the adsorption study was calculated using Eq. (2):
During the adsorption analysis, the DY 50 quantity that were
filtered and removed at various intervals has been valued by
Eq. (2):

(Co—CH)V
et @

Where C, denotes the concentration of DY 50 in liquid (mg/
L) at various times (t).

0,=

3. Results and discussion

3.1. Characterization of nano bentonite samples:

Nano bentonite is another class of microporous materials with
great surface areas that have been widely concentrated as
remarkable material in catalyst applications and adsorbents.
The portrayal of bentonite was done utilizing an Infrared
(IR) spectrophotometer, Transmission Electron Microscopy
which is also known as TEM and X-ray diffraction (XRD),
instruments. The CEC investigates by balancing the negative
charges on the surface with positive charges in the form of
exchanged sodium cations. The CEC of nano bentonite is
35.67 meq/100 mL and it is similar previously research’s
(Kelessidis et al., 2007).

3.2. BET analysis of nano bentonite samples

BET test illuminates the interaction regarding gas molecules’
adsorption onto a flat substrate on a physical scale, which is
the basis for the estimation of specific surface area (SSA) of
several sample ingredients. Also, the N, adsorption—desorp-
tion isotherms were used to determine the size of pores and
the SSA of the nano bentonite samples.

As a result, samples were analyzed in Fig. 2 for quantifying
the adsorption rate, which also revealed the desorption rate for
nano bentonite. Those adsorption—desorption rates were used
to define the samples surfaces and pore sizes where the mea-
surements were taken. Therefore, the calculated SSA of the
samples was to be (79.07 m?/g), the average pore size was
(4.982 nm) and the pore size was (0.1970 cm?/g). The meso-
porous size was (d > 2 nm); along these lines, the nano ben-
tonite in the present analysis might be like a mesoporous
substance (Duman et al., 2009).
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Fig. 2 BET-BJH analysis of nano bentonite before and after
adsorption.

3.3. FTIR analysis of nano bentonite samples

The nano bentonite experiments used FTIR to measure and
analyze the sample’s structure by analyzing the initiated reac-
tions within the nano bentonite pores. In order to obtain struc-
tural data for the nano bentonite tests, the vibrational
frequencies that were hence enrolled in the nano bentonite lat-
tice were investigated (Van olphen, 1977).

The FTIR results of the prepared samples are shown in
Fig. 3, which revealed an O—H vibration band between 3600
and 3300 cm~!. A sharp absorption beam shows up at around
1637 cm™" in the absorption spectrum of nano bentonite
because of the bowing vibrations of the water molecules. Addi-
tionally, Si-O-Si stretching vibration band (SVB) at 1035 cm ™!,
Si—O—Si bending vibration band somewhere in the range of
526 and 471 cm™!. what’s more, AI—O—Si SVB at 800 cm™".
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Fig. 3  The Infrared spectra FTIR of nano bentonite before and
after DY 50 adsorption.
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Fig. 4 The measured qualitative XRD mineralogical composi-
tion of nano bentonite before and after DY50 adsorption.
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The acquired FTIR results concur with the past nano ben-
tonite portrayal considers. The absorption spectrum of the
samples additionally shows the presence of spectral lines for
the bending modes and the deformation of the AlI—AI—OH
and Al—Fe—OH at 826, 908 cm™' individually (Darvishi
et al., 2011; Cozzolino et al., 2000).

3.3.1. XRD analysis of nano bentonite samples

The XRD was an exceptionally proficient analysis technique
used to detect the crystalline phases of tests, providing knowl-
edge on the dimensions of the unit cell as well as related molec-
ular characteristics. The XRD test for nano bentonite that
appeared in Fig. 4 exhibits the presence of clear lines in a crys-
talline state (Van olphen 1977). The XRD diffraction model is
also used for distinguishing between bentonites by knowing
their interlayer spacing to lay it out each clay has a particular
worth from the d-dimension. The XRD pattern of the nano
bentonite test additionally showed reflection intensity, with
diffraction peaks at 20 is 6.70° for nano bentonite and the
interplanar distance when n = 1 is 13.18 A. This is because

e
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SEM picture of nano bentonite (a) prior to adsorption and (b) following adsorption.
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of the swelling and the hardness of the water while showing the
water during the adsorption process (Onal et al., 2007).

3.3.2. SEM and EDX characterization of nano bentonite
samples

The SEM creates microstructural images with a variety of sam-
ples by revealing them to different frequencies and wavelengths
of electron beams, depending on the specifications and the con-
tent of the example. When conducting nano bentonite adsorp-
tion experiments, SEM was also applied to inspect the surface
morphology. Micrographs at varying magnifications were cap-
tured using a SEM with a [20 kV] speed up voltage. Then, the
pictures were utilized to show the nano bentonite topology and
morphology on the outside. The nano bentonite surface test
had either a harsh or mesoporous/ miniature morphology with
different cracks, as shown in SEM (Fig. 5(a) and (b)), suggest-
ing a greater surface area that is useful for material adsorption.

The morphology of the nano bentonite test, after adsorp-
tion, was slightly transformed from a disjointed, cracked,
and rough structure to the smoother and more conjoined
strong face with fewer cracks, demonstrating porous areas
filled with the adsorbed materials (Darvishi et al., 2011;
Pacula et al., 2006).

The EDX of a nano bentonite particle is shown in Fig. 6.
The results show that it contains the basic elements for the
composition of montmorillonite, which are mainly O, Al, Si
and a small percentage of Fe, Mg. The results also confirm
the presence of Na, meaning that the clay used is Na-
Montmorillonite. The figure also shows the analysis by micro-

electronic examination, where the electromagnetic orientation
of a beam of electrons occurs, making it possible to examine
a very small part of the sample within 1 pm?>, where the pri-
mary X-rays from the sample are measured, which It is used
in this case as an anode, and using a special optical micro-
scope, the composition of the sample can be determined. It
appears from the figure that there is more than one component
in the structure of the nano bentonite as seen in Table 1, which
determines the percentage of elements in the nanoparticles by
EDS.

3.4. The effect of pH on DY50 removal

The impact of pH with rate of adsorption, among [3.00 to 10.0]
is explained in Fig. 7. The highest DY 50 removal (96.7 %) was
documented at pH [3.0] with a nano bentonite weight of
[0.05 g], then a decrease of pH value at pH 5 and 8 to
(93.9 %). It is obvious that DY 50 adsorption on the nano ben-
tonite surface is essentially affected by a surface charge on the
adsorbent. Nano bentonite has point of zero charge (pHPzc)
value at pH 6.0 in Fig. 8. The (pHPzc) value for nano ben-
tonite between pH 5 to 8 and it is corresponding to research
values (Bourg et al., 2007).

When the pH of the adsorbent decreases, its charge
becomes more positive, and adsorbs more anionic species. In
an aqueous solution, DY50 dissociates to produce the anion
form which in acidic condition the removal is well accom-
plished because of this electrostatic attraction among the pro-
tonated adsorbent surface as well as the negative sulfonated
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Fig. 6 EDS analysis of nano bentonite.
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Table 1 EDS for nano bentonite.

Element Wt% At%
CK 22.11 32.08
OK 42.44 46.22
NaK 00.90 00.68
MgK 01.25 00.89
AIK 09.07 05.86
SiK 21.49 13.33
FeK 02.21 00.69
CaK 00.54 00.24

pH (finial)

12

10

©
1

o
1

pH

=6.0

zpc™

groups of the dissociated dye molecules. With increasing pH,
the measure of adsorbed DY50 through nano bentonite was
found to be decreased. Besides that, at high pH values,
removal is decreased due to the competition with hydroxyl ions
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Fig.7 Effect of pH on DY 50 removal by nano bentonite “DY 50
(40 ppm), T (30° C), W (0.05 g) and t (4 h)”.
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Fig. 8 Zero charge analysis of the nano bentonite adsorbent.

that restricted the oncoming of dye anions (Khraisheh et al.,
2004).

3.5. Isothermal analysis and the influence of DY50 concentration

At temperature 30° C and pH 3.0, the DY50 concentration
influence on the adsorption interaction is shown in Fig. 9.
The primary DY 50 concentration had a direct correlation to
the adsorptive ability of the dye onto nano bentonite, as shown
in the figure. As a result, it was recognized that dye adsorptive
strength can be adjusted via controlling the underlying quan-
tity of dye. Following that, the DY50 adsorption onto nano
bentonite was examined using Temkin, Langmuir, and Fre-
undlich isotherm recreations with a straightened plot. The pre-
sent study showed isothermal adsorption, which is the

160 T T T T

140
120
100 n i
60—- / 7

40 -

Qe (mg/g)

20 4 <

0 — T T T T T T T T T T T
0 20 40 60 80 100 120 140 160

Co (mg/l)
Fig. 9 Impact of initial DY 50 concentration on the equilibrium

adsorption capacity of nano bentonite [W = 0.05 g, pH = 3,
T =130°C,t =4h].
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Table 2 Assessment for the elimination data of DY50 in accord to the Temkin isotherms, Langmuir and Freundlich.

Freundlich isotherm Langmuir isotherm

Temkin isotherm

KF n 122 QU KL RL R2 B A

(mg/g)(mg/L)"" (mg/g) (L/mg) (J/mol) (L/g) R

43.7219 1.3614 0.9779 250 0.2259 0.04237 0.9886 46.553 3.0926 0.9771

Table 3 Comparison for maximum adsorption capacities for logg, = log K; +1 log C, (5)
n

removing of DY50 by the use of various adsorbent substances.

Sorbents Qo (mg. Ref.
)

Nanobentonite 250 This study.

Activated carbons from surplus 188 (Martin et al.,

sewage sludge 2003)

Acivated Algerian clay 175.74 (Elhadi et al.,
2020)

Zeolite 83.33 (Alabbad et al.,
2021)

Natural sugarcane stalks powder 20.96 (El-Sayed et al.,
2013)

Silica 3.03 (Koyuncu et al.,
2009)

distribution strategy for adsorbed molecules in an equilibrium
state between the liquid and solid phases.

The Langmuir model of isotherm has been expressed via
Eq. (3):
Ce/Qe = 1/ (QOKL) + Ce/Q0 (3)

The Langmuir model of adsorption constants were [Qo] is
associated to this adsorption capacity (given in mg/g) and
[Ky] is associated to the adsorption energy (L/mg).

Moreover, the Langmuir isotherm model’s basic properties
were expressed using Ry, dimensional coefficient separation
factor, which has been defined as Eq. (4):

1

R——
14 K.C,

(4)
The isotherm can be determined according to the Ry bene-
fit, with the isotherm being linear in case that R = 1, unfa-
vorable in case that Ry > 1, and moreover (0 < RL < 1)
was favorable or here (RL = 0) being irreversible.
Eq. (5) expresses a Freundlich model that was satisfactory
at little concentrations and heterogeneous surfaces:

Table 4 Effect of adsorption dosage of nano bentonite on
DYS50 at pH 3.

W (g) Qe (mg/g) Removal (%)
0.01 181.49 90.74
0.02 94.58 94.58
0.05 38.39 95.97
0.1 19.31 96.58
0.2 9.84 98.41
0.3 6.61 99.20

In the Freundlich adsorption model, the K constant refers
to an adsorption capacity (mg/g) and also n constant refers to
an adsorption intensity. All necessary parameters will be
detected using the intercepts and slope of a linear plotted
between log C. and log ge.

A Temkin model will be used to depict the effect of back-
handed desorption / adsorption reactions at adsorption tem-
perature. Temkin model was based on the way in which
adsorption reduces the heat of adsorption of all molecules lin-
early. Eq. (6) addresses isotherm that results from the Temkin
model:

RT
q, ZTIHACc (6)

Where b equal to RT/b equal to (RT/AE) Qo, R was a gen-
eral gas constant with [8.314 J/mol K] value, T equal to Kelvin
temperature, also Temkin equilibrium constant (L/mg) equal
to A “maximum binding energy”, variety adsorption energy
(Joule/mol), and), AE = (- AH). This notation used for Tem-
kin equilibrium is given by a letter A, also an adsorption (max-
imum) potential is denoted by the letter Q, (Kundu et al.,
2006). Table 2 shows B and A from a slope, as well as a plot
ge capture against plot Ce.

The Freundlich isotherm’s constant Ky which reflects the
capacity of the adsorption was nearly (43.7219 mg/g). In addi-
tion, the R? for an isotherm framed in the Freundlich, Lang-

100 T T T T T T T T

96 | —

94

Removal (%)
|

92

. —
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Sorbent dossage (W)

Fig. 10  Effect of nano bentonite dose on DY 50 removal “DY 50
(40 ppm), pH (3), T (30° C), t(4 h)”.
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Fig. 11  (a) The contact time impact on removal of DY 50 by nano bentonite “DY50 (40 ppm), T(30° C), pH(3), W(0.05 g)”, (b) Pseudo

2nd -order kinetic model.

Table S Kinetic parameters for the pseudo Ist and 2nd order.

(QoExp Pseudo 1st order Pseudo 2nd order
(mg/g) (Qo)ca K, R} (QJca K R
(mg/g) (min”") (mg/g) (g mg ' min~")
39.63 3.1174 0.0089 0.9693 39.37 0.0147 0.9999
100 r r ; : capacity of nano bentonite to remove DY is nearly comparable
] or even superior to that of other implemented sorbents, indi-
m cating that the sorbents used in this study have amazing ability
9 . . to treat the waste effluents.
08 3.6. The nano bentonite dose impact
@ i
éo - The nano bentonite dose is a significant parameter for adsorp-
& 7 | tion. It affects the adsorption capacity of adsorbents. The
impact of the nano bentonite dose of DY50 removal at the
96 concentration of 40 mg /liter was studied and illustrated in
i Table 4 and Fig. 10. The dose varied from 90.7 to 99.2 %, with
the dose being increased from 0.01 g to 0.30 g, respectively.
95 ] The DY50 adsorption increases with increasing dose of nano
: : ; ; : ; bentonite. This could be because of the improved availability
20 30 40 50 60 70 of these adsorption sites resultant from a rise in the dose and
T(°C) agglomeration of an adsorbent material, and saturation is

Fig. 12  Effect of the temperature on DYS50 removal by nano
bentonite “DY50 (40 ppm), pH(3), W (0.05 g), t (4 h)”.

muir, and Temkin models, respectively, was 0.9779, 0.9886 and
0.9771. Additionally, the maximum evacuation potential Q
was estimated to be 250 mg/g, and (K ) adsorption coefficient
was (0.2259 L /mg).

It is clear that the favorable model was shown to be the
Langmuir isotherm. It is most suitable the equilibrium data
(Afshin et al., 2018).

Table 3 shows this sorption capacity of nano bentonite for
direct yellow removal and numerous sorbent materials. The

due to this occupation of the active sites (Khodaeer et al.,
2015; Sadaf et al., 2015; Diouri et al., 2019).

3.7. The effect of sorption period and kinetic analysis

This adsorption time, whose Kinetic analysis was also given in
Fig. 11, is another factor that influences the adsorption inter-
action. The got results demonstrated that the removal profi-
ciency expanded with time and the minimum viable time was
45 min with a removal percentage of 94.6 %. The pseudo 1st
and 2nd kinetic orders (Eq. (7) and Eq. (8)), respectively, were
used to prepare the kinetic information. The dye adsorption on
several sorbents may be more accurately depicted by models of
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Table 6 Thermodynamic parameters for DY 50 removal on nano bentonite at variuos temperatures.
AH AS AG (KJ/mol)
(KJ/mol) (J/mol K ™) T = 20 °C T = 30 °C T = 50 °C T = 70 °C
—33.7733 —74.19 —11.9658 —11.4027 —9.7033 —8.3486

pseudo 1st order and 2nd kinetic order (Alabbad et al., 2019;
Alakhras et al., 2019).
Pseudo 1st order:

ln(Qe - Qt) =1In Qe - klt (7)
Pseudo 2nd order:

L_l t

Qr kZQ(2 +§e

The equilibrium was achieved after 180 min at 97.19 mg/L
DY50 dye concentrations, mirroring the regulation of excess
active sites at a adsorbent surface.

As given at Table 5, (R%) of a pseudo 2nd order (0.9999)
noticeably was larger than (R?) of pseudo 1st order (0.9693).

Before all else, the removal percentages surpass 90 %
because of the great surface area and reactivity of nano ben-
tonite. Khodaeer examined DY 50 evacuation utilizing natural
clay and organoclay, and the acquired results showed that the
maximum time was 40 min in the wake of utilizing bentonite
and changed bentonite as sorbent materials (Khodaeer et al.,
2015).

In the present study, this pseudo 2nd order kinetics model
was dominant, and an immediate adsorption rate regulation
in the complete kinetics adsorption was observed. (Wu et al.,
2009) performed an investigation that confirmed this.

(8)

3.8. The effect of thermodynamic and temperature

DY50 adsorption on nano bentonite was carried out at tem-
peratures of 20, 30, 50, and 70 °C, with the other parameters
remained constant at their ideal values in Fig. 12. As the tem-
perature rises from 20 °C to 70 °C, the adsorption capacity
falls from 99.2 to 94.9 %. This is due to either the adsorbent’s
dynamic binding destinations being damaged or the growing
dye’s tendency to desorb from an interface near the solution.
These results demonstrate exothermic existence of an adsorp-
tion cycle.

The thermodynamic capacities were evaluated in the dye-
adsorbent structures to determine if the adsorptive cycle is
exothermic or endothermic. Table 6 shows the progressions
in enthalpy (AH), free energy (AG) and entropy (AS), and as
parameters for investigation of thermodynamic character. All
AG values were found to be negative, indicating that DY 50
adsorption onto nano bentonite is exothermic.

The entropy change was negative, indicating that the frame-
work’s entropy decreased during adsorption. (Sheshdeh et al.,
2014). The mechanism of adsorption has been discovered using
these parameters (Konicki et al., 2017; Aid et al., 2018).

4. Conclusions

According to the findings of the DY 50 removal of color from
water using nano bentonite, there was an important impact

that the initial DY 50 concentration, contact time, temperature,
pH, and adsorbent mass all had on the DY 50 adsorption on
nano bentonite. The prepared nano bentonite was character-
ized using SEM, XRD, and FTIR analysis. The obtained data
showed that nano bentonite could adsorb about 94 % at initial
concentrations of 40 mg/L, respectively. The optimum removal
conditions were observed at an acidic pH (pH 3) using a sor-
bent material dosage of 0.05 g for 4 h at 30 °C. The isothermal
model confirmed that DY 50 color adsorption on the nano ben-
tonite surface is favorable. Using a chemisorption cycle that
was a pseudo-second-order kinetic model, the DY50 adsorp-
tion ability was high and well regulated. Dye expulsion inter-
acts in a random and exothermic manner. The Langmuir
isotherm was found to be the most suitable model among
the three models described.
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