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ABSTRACT:

This study investigates, for the first time, the effects of dealumination of binder-free NaY type zeolite on the adsorption
properties and porous structure characteristics. In this study, BF-Y zeolite was hydrothermally synthesized from kaolin and
powder NaY. BF-Y was then treated with acid to increase Si/Al ratio. X-ray Diffraction (XRED), Thermal Gravimetric
Analysis (TGA), Scanning Electron Microscope (SEM), and Energy Dispersive X-Ray (EDX) have been performed for the
characterization. The modified zeolite granules MBF-Y were used as an adsorbent for the removal of methylene blue MB
dye from water. The influence of initial MB concentration, contact time, temperature, and adsorbent dosage on adsorption
capacity and dye removal percentage on MBF-Y was investigated. The maximum dye removal was attained at a
concentration of (8 * 10 M) which was more than 93%, and an equilibrium contact time of 60 minutes. Well-known
adsorption isotherms (Langmuir, Fruendlich, and Tempkin) were used to study the adsorption mechanism of MB onto MBF-

Y.
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1. INTRODUCTION

Numerous industries, including those that employ dyestuffs,
textiles, tanneries, plastics, rubber, paper, and others,
unavoidably use more than 10,000 commercially available dyes.
More than 10% of yearly manufactured dyes are wasted during
their production and processing processes, and about 20% of
these lost dyes enter industrial wastewater and cause
environmental contamination issues (N. Peng et al. 2016). The
effluents of colored dyes may have harmful effects on
microorganism populations and may be hazardous or
carcinogenic to mammals (Tsai, Hsien, & Hsu, 2009). Different
methods such as, coagulation and flocculation (Ihaddaden et al.,
2022), physical adsorption, (L. Liu et al., 2015), bio removal
(Omar, El-Gendy, & Al-Ahmary, 2018), membrane filtration
(Rashidi et al., 2015), and chemical redox reaction (Wu and
Wang 2012), had been used for removing dyes from colored
waste water. Physical adsorption is among the cheapest and most
effective methods used to significantly reduce the amount of
dissolved dyes in an effluent. Activated carbon is one of the most
commonly used adsorbents for dye removal. However, the
synthesis and regeneration processes of activated carbon are very
expensive (Wang & Li, 2007). Therefore, the development of
other alternative, efficient sorbents with lower costs is still a
major challenge (Jiang et al., 2018). High silica zeolite is an
efficient adsorbent for the removal of many pollutants, including
those in water. Zeolites are micropores of hydrated crystalline
aluminosilicates of group (1) and group (1) metals (M. X. Peng
et al., 2015). Due to their unique properties, for instance, high
thermal and chemical stability, shape selectivity, and adsorption
performance, zeolites are used in many applications, such as
catalysis processes, adsorption, and ion exchange (Grigorieva et
al., 2019).

The catalytic and adsorption performances of zeolites are
considerably affected by zeolite crystal size. The crystal size and
morphology of zeolite are related to the molar ratio of silicon (Si)
to aluminum (Al) (Si/Al). The greater the Si/Al molar ratio, the

greater the particle size and hydrophobicity of zeolite
(Shirazi, Jamshidi, & Ghasemi, 2008). Zeolite Y, a very
adaptable member of the faujasite (FAU) family, and
binder-free granular NaY zeolites are widely used as
catalyst in petroleum sections, due to their high surface
area and large pore openings. The thermal and
hydrothermal stability of this type of zeolite is limited,
and acidic Y zeolite partially collapses when exposed to
moisture, even at room temperature. The thermal and
hydrothermal stability of FAU-Y zeolite is dramatically
increased by increasing the Si/Al ratio (McDaniel &
Maher, 1968). Dealumination is among the most
significant methods used for modifying the Si/Al ratio.
It can be done by acid leaching, thermal or hydrothermal
treating, and treatment with (Silicon hexafluoride, SiFs,
or Silicon tetrachloride, SiCls) (Najar, Zina, & Ghorbel,
2010). Earlier, it was found that, if FAU zeolite is treated
with strong inorganic acids such as HCI, the structure of
this type of zeolite completely collapses, nevertheless,
dilute acid solutions have no significant effect on the
crystalline structure of FAU type Y zeolite (Beyer,
2002).

Partial extraction of Al from the Y-type zeolite
framework can be done by a controlled mild
dealumination process. The extraction of Al leads to the
formation of extra framework aluminum species (EFAL)
that persist in solids and fill the pores, and the EFAL
enhances the catalytic activity and hydrothermal
stability of zeolite because it decreases the number of
acid sites in zeolite ((Simancas et al. 2021). Some
research teams have already investigated the production
of different zeolites from kaolin or other fly ashes and
have made significant strides toward the synthesis of 4A,
mordenite, X, Y, and other zeolites (X. Liu et al., 2003).
All previous research papers study the process of
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dealumination from powdered or granular zeolite, and there are
no studies on the removal of aluminium from the binder-free
zeolite. Therefore, the main goals of this study are the synthesis
of NaY zeolite from kaolin, the synthesis of granular NaY, the
modification of the synthesized zeolite by mild dealumination,
and the employing of the modified zeolite for the adsorption of
the cationic dye methylene blue (MB) from water.

2. EXPERIMENTAL

2.1. Materials

The Kaolin we used in this work was obtained from Sigma
Aldrich with (wt. % 30.9Al; wt. %39.9Si). Powdered NaY from

XFNANO Mat. Tech Co., Ltd. with Si/Al of (5.8), 600
mZ. g Sodium silicate from BDH chemicals Ltd., Poole
England. Sodium hydroxide (NaOH) from Labpak
Chemicals LTD. Ammonium nitrate (NH4sNOsz) from
Labpak Chemicals LTD. Commercial white vinegar
from the Zer company in Erbil, Irag. Table (1) shows the
characteristics of raw material:

Table 1. Physicochemical properties of raw materials.

Sample Chemical composition (wt%) Adsorption capacity (mL g1)

Na Al Si K Mg Fe Si/Al (benzene) (n-heptane) A(Water)
Kaolin 0.0 30.9 37.9 11 0.3 0.4 1.80 0.185 0.1420 0.026
Powder | 82 | 144 | 436 | - | - | - | 584 0.320 0.330 0.195

2.2. Synthesis of Powderd and Granular NaY from Kaolin:

2. 2. 1. Activation of Kaolin:

Before starting the crystallization process, it is necessary to
convert kaolin to its active form, called meta kaolin, by
calcination. To do this, 100 g of kaolin were placed in a porcelain
crucible and calcined in an oven at 650 °C for four hours.
According to Ptacek et al. (2014), conversion of kaolinite to
meta-kaolinite is probably achieved at temperatures of 400-650
°C, and decomposition of meta-kaolinite happens at temperatures
greater than 950 °C.

2.2.3. Crystallization:

Required amounts of NazSiOs, which is a silicate source, and
NaOH solution were added to 10 g of meta-kaolin in a Teflon
container and aged at room temperature for 24 hours to increase
the degree of crystallinity and Brunauer-Emmett-Teller (BET)
surface (Li et al., 2010). After the ageing process, the Teflon
container was transferred to a stainless-steel autoclave and
crystallized at 100 °C for 5-45 hours. After the crystallization

2.3. Modification

2.3.1. lon Exchanging of NaY

In a conical flask, the required amount of NH4NOs3 solution was
added to a 10 g zeolite sample, and the flask was placed in a
shaker water bath at 80 + 2 °C with shaking at 150 rpm for one
hour. After filtration, the concentration of Na ions in ppm in the
filtrate was determined by a Flame Photometer (7PFP7 industrial
flame photometer). The remaining solid was then returned to the
conical flask, and NH4NOs solution was added. The previous
procedure was repeated three times. The concentration of Na ions
in both the solid and filtrate was determined in ppm by a flame

2.4. Adsorption Studies

2.4.1. Batch Experiment:

In order to investigate the adsorption characteristics of the
synthesised and modified binder-free Y (MBF-Y) zeolite,
Methylene Blue (MB) was selected as the model adsorbate. A
stock solution of 1 * 10 M MB was prepared by dissolving 0.32
g of MB in 1 L of deionized water. A stock solution was then
used to make solutions at the required concentrations. Batch tests
were carried out to examine how different parameters affect the
removal process. In a 100 mL quick-fit conical flask, 50 mL of
MB solution of known concentration, and an accurately weighed
mass of MBF-Y were placed. The conical flask was enclosed by
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2.2.2. Preparation of Granules with Binder (GWB):

A paste-like mixture of (30 wt.% kaolin, + 70 wt.%
NaY) and about 3 wt. % starch as a pore-forming
additive was prepared and granulated by extrusion to
form 3-4 mm diameter and 4-6 mm length granules with
a binder (GWB). The prepared granules were dried at
120 °C for three hours, then calcined at 650 °C for four
hours to convert kaolin to meta-kaolin, in addition of
burning starch and removing it as carbon dioxide.

process, solid products were separated from the liquid
phase by vacuum filtration, washed with distilled water
to a pH of 8.0-9.0 to remove excess NaOH solution, and
dried at 120 °C for 3 hours. The same procedure was
used to prepare powdered NaY from a mixture of meta-
kaolin and 10% seed and granules prepared from 30%
kaolin and 70% powdered NaY.

photometer and converted to an ion exchange weight
percentage. The adsorption capacity of ion-exchanged
samples was determined.

2.3.2. Mild Dealumination:

Five grams of the NHsY-form Zeolite sample were
placed in a 1L conical flask with 500 mL of commercial
vinegar containing 0.75 M ethanoic acid. The conical
flask was sealed with a rubber stopper and shaken for
0.5,1, 15, 2,25, and 3 hours in a water bath at 90 °C
with 150 RPM. After filtration and washing the solid
with one liter of hot water, the dealuminated sample was
dried in an oven at 80 °C for 3 hours.

a glass stopper. The mixture was placed in a
temperature-controlled shaker at 25 °C and 150 rpm.
After appropriate intervals, an aliquot of the mixture was
centrifuged for three minutes at 2000 rpm. A UV-Visible
spectrophotometer, Perkin Elmer at 665.99 nm, with a
deionized water blank, quartz cuvette, was used to
determine the remaining dye concentration in the
supernatant at 2000 rpm. A  UV-Visible
spectrophotometer, Perkin Elmer at 665.99 nm, with a
deionized water blank, quartz cuvette, was used to
determine the remaining dye concentration in the
supernatant (Ismail et al., 2022). Equation 1 (A. Manzoli
et al., 2020) was applied to calculate the equilibrium
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adsorption capacity, and dye removal percentage efficiency was
calculated by equation 2 (M. Shirani et al., 2014).

ge= (%) *V (1) (Rida, Bouraoui, and Hadnine 2013)
Dye removal % = (£=°) « 100, ...(2) (L. Liu etal. 2015)

where Ci is the initial concentration of MB solution in M at time
0. Ce is the equilibrium concentration of MB dye in (M), at
equilibrium time (80min). V is the volume of solution in L, m is
the mass of the adsorbent in g, and ge is the equilibrium
adsorption capacity in mol g*. All experiments were repeated
three times, and the average of the data obtained was used for
calculations. In order to determine the effect of initial dye
concentration and adsorption isotherms, solutions of MB with
different concentrations in the range of 6.5%106 to 2*10° M were
mixed with accurately weighed 0.01 g of MBF-Y. The effect of
MBF-Y dosage was determined by mixing different masses of
MBF-Y with 50 mL of 1*10° M MB solution for 80 min.
Additionally, in order to determine the effect of contact time and
adsorption kinetics, 0.01 g of MBF-Y was subjected to a 50 mL
solution of MB 1*10-°M for selected time intervals from 5 to 80

4. RESULTS AND DISCUSSION

4.1. Synthesis of Powdered NaY Zeolite from Meta kaolin

Table 2 illustrates the results of the crystallization of the meta-
kaolin without using seeds. According to the results of a
preliminary experiment on the synthesis of powdered Y zeolites
from meta-kaolin, which is similar to the process of synthesis of
zeolites of this structural type from silica-alumina hydrogels
(Pavlov et al., 2015). The zeolite cannot be formed unless X-ray
crystal seeds are added to the reaction mixture, and this is exactly
what happened in this study, where the degree of crystallinity did

min. Adsorption thermodynamics and the effect of
temperature on adsorption capacity and the percentage
of dye removal efficiency were also determined at four
different temperatures 298, 303, 313, and 323 K on a
mixture of 1*10° M MB solution and 0.01 g MBF-Y.

3. CHARACTERIZATION

X-Ray Powder Diffraction (XRD) with a high-resolution
Powder X-ray Diffractometer, 9 kW (40 KV, 450 mA)
was used to determine the phase composition and degree
of crystallinity. The chemical composition of samples
was determined using Energy Dispersive X-Ray (EDX).
The nitrogen adsorption/desorption method was used to
determine the BET surface area and total pore volume of
zeolite samples. Thermogravimetric analysis or TGA,
was used to determine thermal weight loss. The static
adsorption capacities A of zeolites for water vapour,
benzene, and n-heptane, were determined in mL g*
under static conditions by the "desiccator method" at
25°C and p/ps =0.7-0.8 (Sing, Rouquerol, & Rouquerol,
2013).

not exceed 24% and values of adsorption capacity were
very low. Table 3 shows the effect of using 10% seed
crystals at 100 °C on the synthesis of powdered NaY
from calcined kaolin according to the reaction mixture
mentioned before. The crystallization process was
carried out at 25°C for 24 hours and subsequently at
100°C for 5- 45 hours. From the results manifested in
Table (3), it is clear that after 40 hours of the
crystallization process, zeolite was obtained with a high
degree of crystallinity (94.68%) and a good value of
adsorption of benzene, n-heptane, and water vapour.

Table 3.crystallization of NaY from meta-kaolin using 10% seed crystals

Crystallisation time(h) Degree of crystallinity Adsorption capacity (A) (mL g™
(%) A(benzene) A(n-heptane) A(water)
5 43.43 0.139 - -
10 42.81 0.137 - -
15 50.31 0.161 - -
20 48.43 0.155 - -
30 52.50 0.168 - -
35 55.93 0.179 0.211 0.117
38 85.93 0.275 0.254 0.192
40 94.68 0.303 0.314 0.192
45 93.75 0.300 0.319 0.183

4.2. Synthesis of Binder Free NaY (BF-Y) Granules

According to the preliminary experiment on the synthesis of
granular Y zeolite without binder, about 55 wt% to 75 wt.%
powdered Y zeolite should be admixed with kaolin and a pore-
forming additive to prepare binder-free granules with high
mechanical strength, adsorption capacity, and degree of
crystallinity (Pavlov et al. 2015). In our case, we mixed (70 wt.%)
of powdered NaY zeolite with (30 wt%) of kaolin and about (3
wt.%) starch (pore-forming additive). It was vital to ascertain the
circumstances under which kaolin converts into this zeolite
because kaolin was present in the first granules during the
crystallization of granules with the binder (GWB). The results of
the adsorption capacity obtained from Table (3) are good pieces
of evidence for the conversion of kaolin into powdered NaY after
40 hours of crystallization at 100°C under the conditions
described above. The crystallization process of GWB for the
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synthesis of BF-Y was carried out at 25°C for 24 hours
and subsequently at 100 °C for 10-45 hours. Table (4)
presents the data on the effect of duration at 100°C on
the synthesis of GBF-Y. As can be seen from Table 4,
40 hours under these circumstances is plenty to achieve
the maximal degree of crystallinity (98%). It is
noticeable from the adsorption capacity values of
benzene vapour for BF-Y (0.31 mL g*) and powdered
zeolite (0.32 mL g-%), that the GWB after the 40-hour
crystallization process at 100°C transformed a large part
of it (with a percentage of up to 98%) into BF-Y type
materials. Furthermore, more than 96% of the GWB was
converted into BFG-Y type materials based on the n-
heptane vapour adsorption capacities values in Table 4:
0.32 mL g* for BFG-Y and 0.33 mL g for powdered




Mohammed et al., / Science Journal of the University of Zakho, 11(3), 333— 345, July-September, 2023

NaY after 40 hours of crystallization at 100 °C. The increase in
the time of the crystallization process leads to the formation of
the amorphous model, as noted in Table (4) from the value of the
adsorption capacities (especially water and n-heptane), and also
from the X-ray data. According to XRD data, Figure 1 pattern
(b), the diffractogram of BF-Y formed after 40 hours
‘crystallization is completely similar to the diffractogram of
powdered NaY zeolite pattern (a), and this is a good indication

that a large proportion of clay has been transformed into
zeolite. According to XRD data in Figure 1 pattern (d),
acid treatment of BF-Y after 1.5 hour partially
amorphizes the zeolite crystal lattice due to its
dealumination. Increasing the crystallization time to 45
hours leads to an increase in the amorphous ratio due to
the dissociation of the crystalline structural elements
(see Figure 1 pattern (c)).

Table 4. Effect of the duration of the crystallization on the binder free granules Y zeolite (BF-Y).

Adsorption capacity (mL g1)

Agin Crystallization A(n- Degree of Total pore .
Sample timge (E) rytime(h) A(benzene) hept(ane) A(water) crysta?linity(%) (\:1(1) Il_ugf) SiAl
NaY 0 0 0.32 0.33 0.195 100 0.51 5.84
GBW 0 0 0.122 0.131 0.24 38.12 0.18 4.43

10 0.05 0.08 0.02 15.62 0.07 -

15 0.06 0.06 0.02 18.75 0.08 -

20 0.08 0.07 0.02 25.00 0.10 -

25 0.08 0.09 0.02 25.00 0.10 -

GBW | 24 30 0.09 0.10 0.03 28.12 0.12 -

35 0.23 0.28 0.06 71.87 0.29 -
40 0.31 0.32 0.09 98.00 0.40 4.01

45 0.24 0.23 0.02 74.00 0.03 -

4.3. Mild Dealumination

All previous research to remove aluminium from zeolite
structures was done on powdered or granular zeolite, so the
location of aluminium in the crystalline framework is well
known. In this research work, and for the first time, we studied
the mild dealumination process of binder-free zeolite Y. This
kind of zeolite, BF-Y, contains new bonds formed between
aluminium and other elements, which are formed especially
between clay particles and zeolite crystals (seed) after
crystallization of Y zeolite with a binder in sodium silicate
solution. It is necessary to convert BF-Y zeolite from sodium to
ammonium form before starting dealumination with acetic acid.
During the ion exchange process, some of the aluminium is
already removed from the zeolites framework (Sato et al., 2003).
According to the results listed in Table 5, 92.5% of the sodium
form BF was converted to ammonium form Y zeolite (BF-NH4Y)
after being subjected to ion exchange with NH4sNOs solution at
80°C for 4 hours. The prepared BF-NH4Y is then dealuminated
with commercial vinegar (0.75 M ethanoic acid) at 90°C for
different periods of time. Table 6 shows the adsorption
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characteristic, Si/Al ratio, and crystallinity percentage of
modified binder-free Y zeolite (MBF-Y). Partially, a
loss in crystallinity percentage of BF-Y was observed
after dealumination, Figure 1d. It is obvious that the
extraction of aluminium from the BF-Y framework
causes a defect in the lattice (Qin et al., 2020). According
to the XRD patterns, there were a few signs of
amorphous structures or phase species forming in all
frameworks after dealumination (Figure 1).
Table 5. Effect of the number of exchanges on the
(%wt.) Na cation.

Time (h) % Na* removed
1 52
2 76
3 85
4 92.5
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4.4, Thermo Gravimetric Analysis (TGA): . . .
The thermal stability and hydrophobicity of BF-Y and MBF-y 4 Scanning Electron Microscopy (SEM):

were investigated by TGA, (Figure 2). As can be seen from the ~ The surface morphology of the zeolite samples (FAU,
granulated, and modified) was evaluated using SEM.

Figure 1. XRD patterns: (a) powdered NaY, (b) BF-Y synthesized after 40 hours’ crystallization, (c) BF-Y synthesized after 45h crystallisation,
and (d) BF-Y after 1.5 hours dealumination.

TGA curves, there are two main reasons for the weight loss of ~ The microstructures of the untreated zeolite samples and
the samples. The first weight loss is due to releasing the the dealuminated (mild acid-treated) FAU are shown in
physically adsorbed water on the surface of the zeolite samples. Figure 3. The SEM images of the sample in Figure 3a
The BF-Y showed 20.37% of weight loss at (34 -200°C), and the clearly indicate the existence of the sample as a porous
MBF-Y showed 13.46% at (34 -200°C) . Results of the first material, which is one of the important characteristics of
weight loss suggest that the hydrophobicity of MBF-Y increased powdered zeolite. The image produced at low
(Ayad, Hussein, & Al-Tabbakh, 2020). This suggestion is in magnification indicated the presence of clusters, most
good agreement with our expectations. The BF-Y sample starts likely as a result of particle agglomeration on the surface
the decomposition at 640°C, and MBEF-Y starts the of the sample. Different crystal shapes of Zeolite-Y FAU
decomposition at temperatures more than 800°C, which means are most likely associated with different raw materials,
that the thermal stability of zeolite dramatically increases by mild modifications, and preparation methods used. The
extraction of aluminium atoms from its framework (Blakeman et formation of additional pores was further confirmed by
al., 2014). scanning electron microscope pictures of NaY with the

binder, as shown in Figure 3b, which show that the

100 surface of NaY with the binder contains many cracks
bigger than those that appeared in the NaY powder form

95 of zeolite. This is because of the formation of new

:\e‘ secondary pore structures between kaolin clay particles
= and zeolite FAU crystals. It is clear from Figure 3c that
E" 85 there is a slight difference in surface shape, and this is
@ due to the effect of the crystallization on the granules
= 80 (mixture of clay and zeolite) and the conversion of clay
into zeolite that occurred. The SEM images depicted the

75 uniform distribution of all zeolitic samples, and the

70 dealumination protocol did not produce a noticeable

0 100 200 300 400 500 600 700 800 900 change in the zeolite crystalline structures (Figure 3d).

T (°C) This means no significant alterations in their particle
Figure 2. TGA curves of binder free zeolite before and after sizes and crystal morphology occurred.
modification.
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Figure 3. SEM micro graphs (a) powdered NaY, (b) GWB, (c) (BF-Y), and (d) MBF-Y obtained after 1.5h acid treatment.

Table 6. Influence of the mild dealumination time on the characterization of BF-Y zeolite

Adsorption capacity(mL.g™)
A Total pore -
Sample Deal_umlnatlon Si/Al A(benzene) A(n- Awater) volume Crystallinity
time (h) heptane) 1 degree (%)
(mL.g7)
GWB 0 4.433 0.122 0.131 0.240 0.362 38.12
BF-
NHaY 0 4.015 0.310 0.320 0.190 0.430 98
0.5 5.309 0.232 0.262 0.212 0.444 97.67
1 9.970 0.245 0.261 0.301 0.753 97.24
BF- 15 8.397 0.317 0.280 0.316 0.630 96.00
NHsY
2 10.987 0.260 0.265 0.236 0.495 81.25
25 11.352 0.243 0.263 0.216 0.459 79.00
3 0.964 0.260 0.272 0.248 0.508 81.25
Table 7. Physicochemical characteristic of MBF-Y used as adsorbent for MB adsorption
Dealumination . BET surface area Total pore volume (mL.g° L
Sample time(h) Si/Al (M2.g) 1 Degree of crystallinity (%)
BF-
NHaY 15 8.397 438.54 0.630 96.00

4.6. Adsorption Study

The binder free granules obtained after 1.5h acid treatment was
employed as adsorbent for adsorption of MB. Table (7) shows

the characteristic MBF-Y used as adsorbent.
Effect of Adsorbate Initial Concentration:

46.1.

One of the most important factors in equilibrium investigations
and for obtaining optimized studies to improve the pertinent
values between pollutants in aqueous solution and adsorbents are
initial concentration variations. Taking into account that the
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concentration of dyes changes somewhat in actual

environmental

media, the effects of various MB

concentrations were investigated. As can be seen in
Figure 4a, the adsorption capacity of the MBF-Y was
strongly impacted by the original dye concentration. MB
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concentrations ranged from 6.5 * 10 to 2 * 10° M, while
temperature, pH, and contact times remained constant across all
determinations. The graph showed that the adsorption capacity
increased along with a rise in the MB's initial concentration. As
anticipated, the maximal adsorption capacity was reached at the
highest dye concentration of 2*10-> M. The reason for this is the
fact that at higher MB concentrations, a greater number of MBF-
Y active sites are surrounded by dye molecules. Figure 4b shows
the effect of MB initial concentration on the percentage of dye
removal. The results reveal that the percentage of dye removal
increases as the initial concentration increases from 6.5*10% M
to 8*10° M, then decreases at higher concentrations (8*10°¢ M)
to (2*10° M). The primary factor contributing to a decline in the
percentage of MB removal at high dye concentrations may be
competition between dye molecules for the scarce active site(Ali
et al. 2021).

4.6.2. Effect of pH:

Surface charge, which is largely influenced by the fluid pH, is the
most crucial factor in the adsorption of anionic and cationic dye
4.6.3. Effect of Adsorbent Dosage:

Adsorbent dosage is a crucial practical aspect of the adsorption
technique that significantly affects the removal rate and reveals
the cost-effectiveness of the batch process. Several tests were
performed using various adsorbent amounts ranging from 0.01 to
0.02 g in 50 mL of 1*10°°> M MB solutions to determine the
optimum MBF-Y amount required for adsorption at pH 7.8.
Figure 6 shows the effect of MBF-Y dosage on the adsorption
capacity of MB at equilibrium and the percentage of dye removal.
All experiments were done at 25 °C for 80 min. It was found that
the adsorption capacity decreased as the mass of MBF-Y zeolite
increased. At an MBF-Y mass of 0.01 g, the maximum
adsorption capacity of MB was found to be 4.33 * 105 mol. g%,
This may be due to the fact that most of the binding sites of the
MBF-Y appear to remain unsaturated when the amount of
adsorbent in the solution exceeds the optimum value, which
suggests reduced adsorption capacity and financial loss. By
contrast to the adsorption capacity, the dye removal percentage
increases with increasing the adsorbent dosage, and the
efficiency of MB removal reaches about 99% at 0.02 g of MBF-
Y dosage.

G0
N [T
S0

4 5x 00

(mol/g)

= 4010

q

LI T

EX N[

S aa® 1.5x10" oxio®

cim)

Loxio®

Dye removal (%)

molecules. Therefore, in this research, the effect of the
solution pH on the adsorption of cationic dye (MB) onto
MBF-Y zeolite was investigated by using MB solution
with pH values ranging from 3 to 11 and keeping other
parameters such as temperature, initial concentration of
dye, MBF-Y dose, and contact time constant. The results
in Figure 5 show that the adsorption capacity, removal
percentage of MB increase as the pH value of the
solution increases. The maximum removal of MB (98%)
was obtained at pH of 10.4, this may be due to the fact
that at high pH values (pH> pH zrc) de protonation of
MBF-Y acid sites takes place and the surface of MBF-Y
becomes negatively charged which leads to greater
attraction forces between the cationic dyes MB and
MBF-Y (ldrees, Jamil, & Omer, 2022).

4.6.4. Effect of Contact Time:

Characterizing the adsorption mechanism requires
knowledge of both the adsorption method's equilibrium
reaction time and the rate at which equilibrium is
achieved. Not only must an adsorbent achieve
equilibrium quickly, but it must also favour adsorption
as strongly as possible at that equilibrium. Adsorption of
MB dye was performed over a time range of 0-80 min,
at 25°C, a pH of 7.8, and (1*10-> M) MB dye solution.
Figure (7) illustrates the effect of contact time on the MB
removal. The results show that the adsorption capacity
of MBF-Y sharply increases after the first 5 minutes of
the process, with about 77% of MB removed during this
short time, and then gradually increases from 10-60
minutes. At around 60 minutes, the adsorption
equilibrium was achieved.

4.6.5. Effect of Temperature

Temperature is one of the most important factors
influencing the adsorption process. Therefore, the effect
of temperature on the adsorption of MB on MBF-Y was
studied at temperature of 25, 30,40 and 50°C, pH of 7.8,
contact time 80min, and using MB solution of 1*10°M
as initial concentration. Results are shown in Figure 8.
As can be seen from Figure 8. the adsorption capacity of
MB on MBF-Y decreases as temperature increases,
which indicates that this adsorption process is of the
physical type (physisorption) with a negative value of
enthalpy change (AH). Furthermore, the decrease in
adsorption capacity caused by increasing temperature
could be attributed to a decrease in adsorptive forces
between MB and MBF-Y, as it is known that the

interaction forces, Vander Waal’s decrease as

temperature increases.
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Figure 4. Effect of initial concentration (6.5 * 10 - 2 * 10°%) M of MB on (a) adsorption capacity, (b) dye removal

percentage
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(conditions: T=25C; contact time = 80min; pH=7.8; dosage=0.019)
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Figure 5 (a) impact of initial pH on adsorption capacity of MB on MBF-Y, (b) impact of initial pH on MB removal percentage,
and, (c) the study of pHzpc of the MBF-Y adsorbent. (conditions : T=25°C; initial concentration = 1*10-°M; adsorbent dosage=
0.01g; contact time = 80min)
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Figure 6. Effect of adsorbent dosage (0.01-0.02g) on MB adsorption onto MBF-Y on (a) adsorption capacity, (b) dye
removal percentage (conditions : T=25°C; contact time = 80min; initial concentration= 1*10-°M; pH=7.8)
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Figure 7 Effect of contact time (0-80min) on MB adsorption onto MBF-Y on (a) adsorption capacity, (b) dye removal
percentage

(conditions : T=25°C; initial concentration = 1*10-°M; adsorbent dosage= 0.01g; pH=7.8)
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Figure 8. Effect of temperature(25-50°C) on MB adsorption onto MBF-Y on (a) adsorption capacity, (b) dye removal
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(conditions : contact time = 80min; initial concentration= 1*10-°M; adsorbent dosage= 0.01g ;pH=7.8)
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4.7. Adsorption Kinetics

In order to study the adsorption kinetics and mechanism of MB
on MBF-Y, pseudo-first-order and pseudo-second-order models
were employed. Equation (3) was used to represent the pseudo-
first-order model, and equation (4) was used to represent the
pseudo-second-order.

ltn (ge N qv) =t|n ge-Kit  (3)

@ oa o “)

(Majid, AbdulRazak, & Noori, 2019),

Where qge is the equilibrium adsorption in mol g, gt is the
adsorption capacity after the time (t) in mol g2), k1 is the first
order specific rate constant (mint), and k is the second-order
specific rate constant, mol g** min. Linearized plots of pseudo-
1st and 2nd order are shown in Figure (9). The fitted parameters
are listed in Table 8. The value of R? for pseudo 1% order was
0.43854, and for pseudo 2"-order, it was (0.99093). The value of
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R? confirms that the adsorption of MB on MBF-Y zeolite
follows pseudo second-order kinetics.
Table 8. Pseudo first order and pseudo second order
parameters of MB adsorption onto MBE-Y.

Kinetic model Parameters Value
ge (mol/g) 5.6503 *10-2
Pseudo first order _
K1 (mint) 0.1568
R? 0.43854
ge (mol/g) 5.48081E-06
Pseudo second [y (mol.gTmin | 1402664.26
order 1)
R? 0.99093
= a

0 10 20 30 40 50 60
Time (min)

Figure 9. Adsorption kinetics models for MB adsorption onto MBF-Y, (a) pseudo first order, (b) pseudo second order
(conditions: T=25C; initial concentration = 1*10-°M; pH= 7.8; adsorbent dosage= 0.01g)

4.8.
4.9. Adsorption Thermodynamics

In order to better understand how temperature affects the
adsorption process of MB onto MBF-Y, thermodynamic
parameters such as a change in enthalpy (AH), entropy change
(AS) and Gibbs free energy (AG), were calculated using
equations (5), (6) and (7) (Lima et al., 2019).

_AS AH

InKp = F — E (5)
Ko= ‘;—e (6)
AG =-RT In Kp, (7)
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where Kp is the adsorption equilibrium constant, R is the
universal gas constant (J.molt. K1), and T is the
temperature in Kelvin. Figure (10) describes Van’t Hoff
plot of In Ko versus 1/T. The slope and intercept were
used for calculating the values of AH and AS. From the
data in Table (9), the value of enthalpy change, AH, is
negative, which indicates that the adsorption of MB on
the MBF-Y zeolite is exothermic; The negative value of
(AS) indicates the decrease in the degree of randomness
and the reduced possibility of accidental contacts
between an adsorbent and a solution, and the negative
value of (AG) indicates the adsorption process is
spontaneous.
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Figure 10 Van’t Hoff plot (thermos dynamic diagram of MB
adsorption onto MBF-Y)

Table 9. Thermodynamic parameters of MB adsorption onto MBE-Y

AG AH AS 5
Temperature (K) Ko (KJ.mol) (KJ.mol) (KJ.molL.K-1) R
298 4.171369472 -6.68704
303 3483094522 -6.14844 -33.817229 -0.09112402 0.99735
313 3.049575074 -5.35131
323 2.518459363 -4.36168
4.10.Adsorption Isotherms Where ge is the amount of MB adsorbed at equilibrium

(mol g1), Ce is the concentration of MB remained at

Capacities of adsorbents are usually determined by using e ‘ !
equilibrium (M), gm is the maximum amount of MB

equilibrium adsorption isotherms. In this study Langmuir, ‘ ;
Freundlich, and Tempkin isotherm models were applied. The ~ Molecules adsorbed per unit mass of MBF-Y (mol g™),

models are expressed by equations (8-10) respectively (Shikuku K iS the Langmuir adsorption constant, Kr is Freundlich
& Mishra, 2021). maximum adsorption capacity constant, n is the

Freundlich adsorption intensity constant, Br is the slope
(J.mol?), Kr is the equilibrium binding constant of

Ce _ Ce 1
G am  Kidm ®) Tempkin. Figure (11) shows the fitted plots of these
Inge= INKg+ ln Ce 9) three isotherm models. The results are listed in Table
n
(10)

RT RT
Je = EanT + E InCe (10)
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Figure 11. Adsorption isotherms of MB onto MBF-Y zeolite (a) Langmuir, (b)Freundlich, and (c) Tempkin isotherms
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Table 11. Comparison of maximum adsorption capacities of MB onto various adsorbents.

No Sample gmax(mg.g?) Reference

1 Magnetic NaY Zeolite Composite 2.046 (Shirani et al.
2014)

2 Steam activated carbon from lantana camara stem 19.84 (Amuda et al.
2014)

3 Thermally Treated Natural Zeolites 0.13 (Senila et al.
2022)

4 Magnetic zeolites synthesized from recycled fly ash 16.533 (Supelano et al.
2020)

5 Zeolite/nickel ferrite/sodium alginate bio nanocomposite 54.054 (Bayat,
Javanbakht, and
Esmaili 2018)

6 Acid treated binder free granular Y zeolite 17.84 This work

5. CONCLUSION

We have demonstrated that to obtain adsorbents, BF-Y can be
synthesized by crystallization of GWB in sodium silicate solution
for 40 hours at 100°C and using a reaction mixture of 2.2 Na2O.
Al203. 6.5Si02. 155H20. BF-Y zeolite with high thermal and
hydrothermal stability and increasing the Si/Al ratio is achieved
by acid treatment (mild dealumination) of BF-NH4Y samples at
temperatures of 100 °C in dependence on time. XRD and
adsorption capacity showed that the zeolite powder and BF-Y
obtained are highly crystalline, and the molar SiO2: Al203 ratio
of the BF-Y sample was 4.01. The modified zeolite MBF-Y after
1.5 hours showed a Si/Al ratio higher than 5, high N2 adsorption,
and BET surface area and total pore volume determined to be
438.54 m? g' and 0.630 mL g?, respectively. MBF-Y was
investigated as an adsorbent for water-soluble MB dye. The
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