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Abstract: In this work, the tartrazine dye is removed from the wastewater by the layered double
hydroxide (LDH) [Zn»-Al-Cl]. LDH materials have proven to be highly effective in removing
pollutants, with a low cost of synthesis, non-toxic, and they do not regenerate the sludge. Several
parameters were studied, the retention of dye by LDH nanomaterial is optimized for a pH between 6
and 8, the equilibrium retention is obtained after 24 hours, and retention kinetics follows the pseudo-
second-order model. The isotherms are the H type, and they follow the Langmuir model, retention
capacity reaches 100% for a mass ratio (adsorbate/adsorbent) between 0.1 and 0.5, and the maximum
amount retained of the dye is 740.35 mg/g for an initial concentration of tartrazine was 1200 mg/L and
100 mg of mass of LDH. X-ray diffraction (XRD) showed that the synthesized matrix is crystallized in
a lamellar structure. Two processes affect the removal of the dye, adsorption of the surface of LDH,
and intercalation between the layers. Infrared analysis indicated the appearance of the band's dye in the
spectrum of the matrix after retention. Moreover, scanning electron microscopy showed the lamellar
character of the two phases obtained before and after retention. The thermodynamics study showed that
the process is endothermic, and the adsorption mechanism is governed by physisorption. The LDH
nanomaterial is a good adsorbent with low cost, high efficiency, and recyclable.

Keywords: layered double hydroxide; tartrazine; adsorption; intercalation; physisorption; recycling.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Along with the rapid development of industrialization, wastewater treatment has been
considered a huge challenge over the past decades [1,2]. Heavy metal ions and organic
compounds are often discharged together with industrial wastewater. Especially in the
industries of metal coating, leather tanning, and petroleum refining [3].

Water pollution has become a major interest for public authorities; water pollution
means all changes in the water's characteristics that are embarrassing or harmful to human uses,
fauna, or flora. Water becomes depleted or enriched with substances of all kinds during its use
or changes in temperature. The resulting pollution ends up in the natural environment. Dyes
are used widely such as in textiles, tanning, food processing, paints, and cosmetics. The global
production is estimated at 800.000 tonnes per year, of which 140.000 are released in effluents
during the various stages of application and preparation [4]. However, industrial effluents
containing dyes present many environmental problems, such as eutrophication, under-
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oxygenation, odor, persistence, bioaccumulation, mutagenicity, and carcinogenicity [5]. Azo
dyes are the most used family characterized by an azo chromophore group (-N = N-). The
family of azo dyes is the most toxic, which its toxicity was already reported in 1895 by the
increase of bladder cancer among workers in the textile industry [6]. Indeed several studies
prove the carcinogenic effect of azo dyes for humans and animals [6-9]; indeed, the azo bond
is a more labile bond of these substances, then the breaking of this azo by enzymatic action
results in carcinogenic amine groups will be regenerated [7,10,11]. They represent more than
50% of the world's production of coloring matters and are divided into several categories:
water-soluble basic, acidic, direct and reactive dyes, water-insoluble nonionic disperse, and
mordant azo. It is estimated that at least 10-15% of the initial quantities are lost during the
dyeing procedures and are discharged without prior treatment in the effluent [12]. However,
these carcinogenic organic compounds are refractory to the treatment processes usually
implemented and are very resistant to biodegradation.

Among the most toxic azo dyes is tartrazine (TAR) [7], a yellow synthetic azoic dye. It
is used in many industries, such as food (E102 — Yellow 5 in the USA) and cosmetics (Cl
19140). The detrimental effect of tartrazine on healthy sources of anxiety, hyperactivity,
depression, and asthma [13,14]. Another study has confirmed that tartrazine dye has genotoxic
effects [8]. In this context, some research focuses on eliminating tartrazine dye and Other toxic
organic pollutants from wastewater by different treatment methods [15,16]. These methods
include anion exchange resin removal [17], treatment by advanced oxidation processes such as
Photo—Fenton [18], or by photo-catalytic through TiO2 [19], or treatment by electrocoagulation
with electrochemical advanced oxidation processes [20]. However, these treatment methods
are expensive, regenerate more toxic and unknown products, require high technology, and
regenerate sludge. The adsorption method remains the most used because of its simplicity,
efficiency, and low cost [21,22]. Several materials are used to remove tartrazine, such as
activated carbon [23-25], chitin, chitosan [26], etc. Among them, we find a Layered double
hydroxide (LDH) nanomaterial, which has proven effective in eliminating many pollutants, so
they are inexpensive, recyclable, non-toxic, and do not regenerate sludge [27]. Then in this
context, this work aims to remove tartrazine dye from water using LDH material [Zn2-Al-Cl].
The LDH materials have proved high retention efficiency due to their anionic exchange
capacity due to their lamellar structures, which can intercalate different anions in their inter-
lamellar spaces [27]. Layered double hydroxides are the hydrotalcite type. They owe their
names to the fact that when crushed, they look like talcum powder. Lamellar materials have
been the subject of much research for more than 40 years. They result from the succession and
stacking of layers, generally of inorganic nature, and the inter-sheet spaces can contain
inorganic or organic entities. The general formula of LDH materials is expressed as [M'.
ML (OH) 2 [(X™ wm), NH207*, where M"" and M"" are divalent. Trivalent metal cations that
occupy octahedral sites in the hydroxide layers, X™ is an exchangeable anion located in the
interlayer space between two hydroxide layers [28]. Lamellar double hydroxides (LDHSs) have
been the subject of great interest in recent years because of their simplicity of synthesis, their
low cost, and their possibility of regeneration [29]. They exhibit several properties such as
anionic exchange [30] and catalytic [31], or as a support for electrochemical catalysts, as well
as in the field of environment, namely the treatment of polluted water by the retention of
different types of pollutants [32].

This study aims to eliminate one of the residual pollutants (tartrazine) with high
persistence in the aquatic environment. Several methods have been used, such as biological,
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catalysis, and adsorption. Our work aims to reduce wastewater contamination by an eco-
friendly layered double hydroxide material; it is chosen for its higher efficiency, its
recyclability, and the non-regeneration of sludge. The removal rate is high, and the remaining
quantity is widely below the tolerance thresholds.

2. Materials and Methods

2.1. Synthesis of precursor.

For the synthesis of the LDH precursor, we used the co-precipitation method at constant
pH [33]. The optimal conditions for the synthesis are: pH = 9, molar ratio Zn/Al = 2 and the
addition rate of the metal salts (Zn%*, AI**) is 3 ml/h. The pH was maintained constant by the
addition of a (0.5M) sodium hydroxide solution. The synthesis was carried out under a stream
of N2 to avoid contamination by atmospheric CO2. The ripening time (72h) is a decisive step
in obtaining a relatively good product. The precipitate is then separated by filtration and washed
by decarbonized water to remove the residual electrolytes (sodium chloride) formed during the
synthesis. The product is finally dried at room temperature and gives a powdery texture

material.
2.2. Characterization of adsorbent material.

Characterization of the powder obtained by XRD (Figure 1) showed that the phase
corresponds to a pure LDH [34].
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Figure 1. XRD pattern of [Zn,-Al-ClI] precursor.

The solid consists of well-crystallized and single phases with large constituting
crystallites. The spectrum of the XRD shows that our material adopts the rhombohedral crystal
system, and the group of spatial symmetry is R 3m. With the cell parameters: a = 0.307 nm; ¢
= 2.322 nm and the distance “d” of d = ¢/3=0.774 nm.

2.3. Retention procedure.

The retention tests are carried out at room temperature (25 °C), at constant pH,
maintained by adding NaOH and HCI solutions. Under a nitrogen atmosphere, the dispersion
of the quantities of the adsorbent [Zn,-Al-CI] in 100 ml of solutions of the Tartrazine dye
prepared with decarbonated water. An initial concentration range of tartrazine varies between
50 and 1200 mg/L. After filtration, the obtained solid products were dried at ambient
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temperature before being analyzed by the XRD technique. Moreover, the residual dye
concentration was determined by UV-Vis spectroscopy. The absorbance was measured at 410
nm by a Jenway 6300 spectrophotometer. The retained amount Q (mg/g) of the dye by [Zn»-
Al-CI] was calculated by the following equation:
Q- (C,-C.)V a
m

)

where Cq is the initial concentration, Ce isthe concentration at equilibrium (final) of the solution
dye, m is the mass of the adsorbent, and V is the volume of the solution.

2.4. Analytical techniques.

Samples of unoriented powder were exposed to the K, radiation of copper (A = 0.15415
nm) in the apparatus of the Siemens D 501 diffractometer type used in X-ray diffraction. The
measurements were taken under the following conditions: 2h of the operation, with an angular
range varied from 5to 70 °, step size: 0.08-2h, and step count of 4s. The acquisition of obtained
data was performed on a microcomputer DACO-MP. We used a JASCO-6300 PC
spectrophotometer for the infrared analysis, at a resolution of 2 cm™ and with a regular of over
100 scans, in the range of 400 to 4000 cm™ in wavenumbers, after the press of samples on KBr
disks. Scanning electron microscopy (SEM) is one of the fundamental techniques for the
characterization of materials, as it gives the morphology and topography data of the prepared
samples. In addition, this technique can be used to determine the size of the pores in the case
of porous materials. The SEM works similarly to an optical microscope, but electrons are used
instead of light for this technique. A beam of concentrated electrons will be sent to the sample
to be analyzed, and this will cause a release of secondary electrons. Subsequently, the electrons
are collected by a detector and then analyzed to form an image.

3. Results and Discussion

Preliminary adsorption experiments were carried out to optimize the retention
conditions of tartrazine on LDH, such as the pH values of the solution, the contact time (tc),
and the initial concentration (C;) of adsorbate and the mass ratio tartrazine/LDH.

3.1. Chemical stability study of LDH.

The final pH values as a function of the initial pH (Figure 2) showed the presence of a
buffer zone where the pH is almost quasi-constant. The various initial pH values are calibrated
by adding a few drops of NaOH or HCI solutions. The zero charge point pH (pHpzc) is where
the final pH versus the initial pH curve crosses the lines pHinitar = pHfinat. This point of
intersection is pHpzc equal to 6.5.

This figure showed that the surface charge of LDH is almost neutral at pHpzc. At pH <
pHpzc, the LDH surface has a net positive charge, while at pH > pHpzc the surface has a net
negative charge [35].

3.2. Effect of pH.

The pH of the mixture (solution of dye and matrix) influences the retention of tartrazine
by the matrix. So, in our study, the desired pH was adjusted with 0.1M sodium hydroxide and
hydrochloric acid solutions, with an initial concentration of tartrazine Co = 200 mg/L. The
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mixtures were stirred at 48 h of contact time and filtered on the sintered glass; then, the filtrate
was assayed by a UV-visible spectrophotometer. The result obtained is shown in Figure 3.
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Figure 2. pH point of zero charges in the function of pH values.
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Figure 3. Retained amount of tartrazine by LDH [Zn,-Al-Cl] in the function of pH.

From this figure, it can be concluded that the retention is favorable in pH between 6
and 8. Then for a more acidic solution, there is a decrease in retention, which can be explained
by partial dissolution of the matrix, and for a basic solution, the diminution in amount quantity
due to the competition of the carbonate species that have a high affinity compared to tartrazine
ions for LDH [33, 34]. Therefore, in the following, the pH will be fixed at 7.

3.3. Kinetic studies.

To follow the retention Kinetics and optimize the dye-matrix contact time, the kinetics
are followed in a time (Figure 4) interval up to 72 h, for initial dye concentrations of 50, 200,
400, and 800 mg/L. The used mass of the matrix is 50 mg.
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Figure 4. Adsorption kinetics of tartrazine by [Zn-Al-Cl].

From these results, it is observed that the process of retention of tartrazine by LDH
[Zn2-Al-Cl] is speed, the saturation is obtained in 1h for 50 mg/L, in 6h for 200 mg/L, in 24h
for 400 and 800 mg/L.

Other studies have optimized this same equilibrium time to eliminate the herbicide 2,4-
D by the adsorbent material Zn-Al-Cl [24]. For low concentrations, the adsorption sites
provided by the hydroxyl functions are accessible, and equilibrium is reached for a shorter
time; on the other hand, there will be competition between the anions of the dye for high
concentrations. This competition is delayed by electrostatic repulsion between the anions.
Another phenomenon, which delays the achievement of the equilibrium, is the anionic
exchange of chloride ions by the anions of the dye in the interlamellar space, which is a slow
phenomenon [27]. The linear modeling according to the pseudo-second-order [35] and pseudo-
first-order [36,37] models are given by the following equations:

L. L
Qt kZQe Qe

Ln (Q.-Q,) = Ln (Q,) — k.t (3)

where Qe is the amount retained at equilibrium (mg/g), Q:is the amount withheld at a given
time (mg/g), k2 is a kinetic constant of the pseudo-second-order (g/mg /h), and with k; is a
kinetic constant of pseudo-first-order (h™).

The following table 1 shows the characteristics of the two models.

Table 1. Parameters of pseudo-first and pseudo-second-order models.

Pseudo-first order Pseudo-second order
Co Qeth Qeexp R2 k2 Qeth Qeexp R2
(mg/L) (mg/g) (mg/g) (9/mg/h) (mg/g) (mg/g)
800 93.6 653.6 0.920 0.005 657.9 653.6 0.999
400 31.2 498.8 0.815 0.009 500 498.8 0.999
200 6 400 0.734 0.2 400 400 0,999
50 0.3 100 0.625 5 100 100 1

From these results, it is concluded that the retention kinetics of the tartrazine dye is in
good agreement with the pseudo-second-order model and that the constant k, decreases with
the increase in the initial concentration of tartrazine.
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3.4. Intra-particle diffusion.

To obtain an idea of the different processes of diffusion of the adsorbate towards the
adsorbent, Figure 5 shows the adsorption capacity as a function of the square root of time
according to the following equation:

Qi=Kigt’? + C (4)

where, Kiqg is the intraparticle diffusion rate constant (mg/g/hY?), and C (mg/g) is a constant
that gives an indication of the thickness of the boundary layer.
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Figure 5. Intra-particle diffusion kinetic for adsorption of tartrazine onto LDH.

For the high concentrations (200 to 800 mg/L), there are two processes. The first phase
is due to external diffusion, while the second is related to the diffusion in the interlamellar
space. This state indicates the reaching of equilibrium. This phase, accompanied by
intercalation of the dye between the LDH sheets, will correspond to intra-particle diffusion.
For the low concentration (50 mg/L), it is noticed that the external diffusion is fast, and the
equilibrium state was reached rapidly. In this concentration, the phenomenon of intra-particle
diffusion is absent.

3.5. Adsorption isotherms.

The adsorption isotherms let us know the maximum retention amount and the
adsorption behavior (Figure 6). The study was realized with an initial concentration range from
50 to 1200 mg/L and four different LDH doses of 30, 50, 80, and 100 mg.
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Figure 6. Adsorption isotherms of tartrazine onto LDH at different adsorbent doses.
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It can be noticed that isotherms of retention are of H type [38]. Initial parts of the
isotherms are almost vertical; indicating that the interaction between the adsorbed molecules
and the solid's surface is more rigid; the solvent-adsorbent interaction is much weaker than the
adsorbate-adsorbent. The profile of isotherms is characteristic of systems where the ion-ion
interactions between the functional groups of the adsorbate are robust, and the saturation is
explained by the presence of a plateau, which shows that the tartrazine anions are eliminated
almost completely from the aqueous medium [39].

The linearization of Langmuir [40] and Freundlich [41] models are given in the
following equations:

-1 + C. (5)

Ce
Q K@, Q,

Ln(Q)= Ln(KF)+%Ln(Ce) ©)
Table 2 shows the parameters of the Langmuir and Freundlich models.

Table 2. The parameters of Langmuir and Freundlich models.

Langmuir isotherm Freundlich isotherm
mLDH Qexp Qth K R2 Kf N R2
(mg) (mg/L) (mg/L) (L/mg) (mg/g)
30 571 565 0.11 0.997 2304 7 0.992
50 653.6 645.2 0.13 0.998 368.7 11.2 0.913
80 705.6 685 0.15 0.996 397 115 0.853
100 740.35 730 0.18 0.998 4275 119 0.931

The result obtained shows an increase in the maximum amount with the mass of LDH
adsorbent and achieves 740.35 mg/g. The four isotherms were described by the Langmuir
model, which explains why the surface of the LDH is homogeneous. The LDH is
homogeneous, and the adsorption is done in monolayer; the value of the constant K is the same
for the four isotherms, reflecting the nature of the (adsorbate/adsorbent) interaction is the same
[27].

3.6. Effect of the mass ratio (adsorbate/adsorbent).

Figure 7 shows the influence of the mass ratio (adsorbate/adsorbent) on the elimination
rate; we used a dose of 50 mg of LDH material with an initial concentration range of tartrazine
varying from 50 to 800 mg/L. From this curve, the elimination of tartrazine takes place at a
mass ratio of between 0.1 and 0.5. To optimize the mass of the LDH used while maintaining
the total removal, it is of interest to use the largest ratio and the mass of the smallest doses of
LDH. Then for a given tartrazine concentration, the necessary matrix mass is determined for a
total elimination by a mass ratio of 0.5.

A decrease in the retention percentage is noted for the high (adsorbate/adsorbent) ratios
with a constant mass of LDH adsorbent. This can be explained that at high concentrations of
tartrazine, there is a competition between the anions of the dye towards the free sites of
adsorption; this competition is delayed by electrostatic repulsion between these anions [42].

https://biointerfaceresearch.com/

7732


https://doi.org/10.33263/BRIAC126.77257740

https://doi.org/10.33263/BRIAC126.77257740

110

04 s—a—a—n—n

\

90
80 \

£ 1 N\
© ] \
E 60 1 -\\\--
5 7 ™.
o 404 N
E |
& 30-_
20
10 4
O . 1 r 1 . l - 1 . 1 r 1 r l r 1 .
00 02 04 06 08 10 12 14 16 18

Mass ratio (adsorbate/adsorbent)

Figure 7. Effect of mass ratio (adsorbate/adsorbent) on the removal rate.

3.7. Adsorption and intercalation of tartrazine.
3.7.1. Characterization by X-ray diffraction.

It can be clearly seen that for low mass ratio (adsorbate/adsorbent) (R=0.1), the lines of
the matrix before and after the retention of tartrazine are the same (Figure 8), this can be
explained by the adsorption of the dye on the LDH surface. Whereas, from a high mass ratio
(R=3), the line (003) shifts to the low values of 26 at 3.8°. This result is similar to that of other
work with LDH [Mgs-Al-TAR] [43,44], which explains the increase in the inter-foliar distance
from d = 0.777 nm to d = 2.25 nm due to the interchange of interlamellar CI" ions with the
larger tartrazine anions.

,u". - [Zn_-Al-TAR]
\ (VNN Ny — S \—-——ﬁ-._h..__.._.—\,_.__?___ I o U

[Zn -ALTAR]

Relative intensities

o 2 30 w0 s e 70
2Theta (degree)

Figure 8. XRD patterns of the phases obtained after retention of tartrazine at three mass ratios.

Following these results, it can be concluded that two processes affect the removal of
the dye tartrazine, adsorption for low mass ratio (adsorbate/adsorbent) and adsorption and
intercalation for high mass ratio. The interlayer distance of our LDH increases from 0.777 nm
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to 2.25 nm after the intercalation of the tartrazine. Knowing that the thickness of the brucite
layers is equal to e = 0.21 nm, the hydrogen bond has a distance of 0.27 nm, and the length of
the molecule of tartrazine is 1.8 nm [26]; if we add these distances, we will have a value greater
than 2.25 nm found experimentally by XRD. Before proposing an orientation of the tartrazine
anion between the sheets, we determined the value of the length of the tartrazine molecule
using the molecular orbital semi-empirical method with Gaussian 03 software; the calculated
value for an inclined orientation is 1.8 nm.

Then we can explain this result by the fact that the anion representing tartrazine was
not intercalated vertically, but it is interposed a little inclined by 34°. This result was found in
another work [43] with an interlayer distance d = 2.30 nm close to our result d = 2.25 nm.
Therefore, an orientation of the tartrazine anions between the sheets LDH enables us to propose
the schematic representation for phase [Zn.-Al-TAR] in Figure 9.

-

LDH [Znz-Al-cl]

"Wﬁdﬁ )

Intercalatmn

Adsurptlon on surface

ﬂﬂ%’\

Water molecule
-G Tartrazine dye
@ Chloride ion LDH-Tartrazine
%-

wuszZ=p

Figure 9. Schematic representation proposed for phase [Zn,-Al-TAR].

The sorption mechanism between the pollutant in anionic form and the LDH adsorbent
material is affected by the presence of hydrogen bonds between the sulphonate groups of
tartrazine and the OH groups of the LDH sheet. It can be concluded that the retention of
tartrazine can be affected by hydrogen bonds through electrostatic interactions. This retention
is affected by two processes: adsorption on the surface and intercalation between the sheets of
LDH [45].

3.7.2. Study by infrared spectroscopy.

Figure 10 shows the FT-IR spectra for Tartraine-LDH. This technique allows
demonstrating the presence of the vibration bonds of the tartrazine compound and their
interaction with the bonds of the LDH nanomaterial.
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Figure 10. IR spectra of tartrazine dye, LDH-tartrazine, and LDH phase.
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It is noted that most IR bands of tartrazine appear in the spectrum of the phase obtained
after dye retention, such as the broadband at 3400 cm™ that corresponds to the OH valence
vibrations, the characteristic bands of tartrazine at about 1500 cm™ which corresponds to the
vibrations of the C = C bands of the benzene ring, vibrations about 1000 and 1200 cm™ that
corresponds to the asymmetric and symmetrical vibrations of the sulfonate groups S=0, the
bands between 700 and 800 cm™ that corresponds to the vibrations (C-H) of deformation
outside benzene. The shape of this IR spectrum confirms that our dye was well retained by the
matrix LDH.

3.7.3. Study by Scanning Electron Microscopy.

Figure 11 shows the SEM, which allows us to have information on the morphology of
our material before and after retention of the tartrazine dye. SEM images are obtained with a
magnification of 20.000 times.

Figure 11. SEM images of phases (a) before and (b) after retention of tartrazine dye by LDH.

We can see the lamellar character of our material, with crystallites that can go up to 1
pm. The lamellar character is slightly lowered after the dye's retention, which is justified by
the results of XRD.

3.8. Comparative study.

The adsorption method has shown its effectiveness compared to other methods that
have known many inconvenient. Several adsorbents are tested to remove pollutants from
wastewater (activated carbon, food waste, and cationic clays, LDH) to compare their retention
efficiency with the maximum amount of retention and their rate of pollutant removal with our
material.

Table 3. Removal rate and amount retained at the equilibrium of tartrazine by different materials.

Materials Qm (mg/g) Removal rate (%) References

Activated carbon of Lantana camara 90.90 99.2 [24]
Saw dust 4.71 97 [35]
Ni-doped ZnO nanoparticles 225 99 [46]
Chitosan 350 95 [26]
Cross-linked chitosan coated bentonite 294.1 98 [47]
Polyanilinenano layer composite 2.47 98 [48]
Hen feather 6.41 100 [49]
Bottom ash 12.6 100 [50]
Deoiled soya 24.6 100 [51]
polystyrene resin anion exchange 49.96 - [17]
Organo-Bentonite

Triethylenetetramine biochar 40.79 % [52]
LDH [Zn2-Al-Cl] 740.35 100 This work
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It is observed that the LDH has a higher retained amount of the dye than other
adsorbents with a removal rate of 100% (Table 3).

We can also compare the cost of synthesis, the regeneration of sludge, recycling. LDH
does not regenerate sludge-like food waste, the cost of synthesis is relatively less than the cost
of other materials, and in addition, they are recyclable by anion exchange reactions.

3.9. Thermodynamic study.

The maximum quantity retained at equilibrium is influenced by the temperature, which
is an important thermodynamic factor, and then to determine the thermodynamic parameters
of retention of tartrazine by LDH [Zn,-Al-Cl], in a thermostat, which adjusted three
temperatures 303, 313, and 333 K. For an initial concentration of tartrazine of 400 mg/L and a
mass of the matrix of 50 mg, we determined the concentration Ce at equilibrium and the
maximum quantity retained at Qe equilibrium.

According to these four equations, we determined the thermodynamic parameters such
as AS°, AG® and AH ° [53]:

K, = 8_:

AG® = -RT.In(k,) (8)

(7)

AS°,  AS°
Ink,) = -

(ky) = ( ; ) - ( =
where Kg: distribution constant; Qe: adsorption capacity at equilibrium (mg/g); Ce: equilibrium
concentration of solute in solution (mg/L); R: the ideal gas constant (J/mol/K) and T: absolute
temperature (K). The thermodynamic parameters are presented in Table 4.

)2 ()

Table 4. Thermodynamic parameters of retention.

T(K) AG® AH° AS°
(J/mol) (kJ/mol) (I/mol/K)
303 -3566.56
313 -4365.39 16.42 66.15
323 -5571.98

The results show that the retention capacity increases by increasing the temperature, so
the retention is endothermic. The negative value of AG® clearly confirms the spontaneous
behavior of fixation. We note an increase in AG® with temperature, which clearly shows that
the adsorption mechanism is more favorable at high temperatures.

The value of AH® < 20 kJ/mol indicates that the adsorption of tartrazine dye onto LDH
is governed by physisorption interaction [53].

3.10. Reuse and recycling study.

The mass ratio (adsorbate/adsorbent) is a major factor in removing tartrazine by LDH,
which is why we have used a mass ratio (adsorbate/adsorbent) of 0.5, which gives maximum
adsorption reaching 100%. In order to exchange tartrazine ions with carbonate ions, we thought
to create this exchange with a solution containing 1M of Na,COs; these carbonates are very
stable in the interlayer space due to the different affinities towards LDH sheets. The expression
of removal of tartrazine is as follows:
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% Removal rate = 100 (Ci—C¢) / Ci (10)
with Ce and Ci being the equilibrium and initial tartrazine concentrations, respectively.
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Figure 12. Recycling efficiency of LDH after removal of tartrazine for a mass ratio of 0.5.

After the exchange, the percentage of tartrazine removal from the different solutions
decreases from 92 to 60% after seven recycling cycles (Figure 12). Therefore, we can say that
the LDH precursor is a good material with low cost, high elimination rate, and is recyclable.

4. Conclusions

The results of the study of the retention of the dye tartrazine by LDH [Zn2-Al-Cl] allow
us to conclude that: Retention is favored in media with a pH between 6 and 8, which favors the
elimination of tartrazine from wastewater in natural media. The adsorption isotherms are of H
type, which reflects the high affinity between the adsorbate and the adsorbent. The removal
rate reaches 100% for an optimal mass ratio (adsorbate/adsorbent) equal to 0.5 with a maximum
quantity of 740.35 mg/g. The results of the characterization techniques show that two processes
are adsorption on the surface and intercalation between the LDH sheets. The mechanism of
adsorption is governed by physisorption interaction. The experimental results lead us to
propose an inclined orientation of the tartrazine dye between the LDH sheets. The LDH
nanomaterial is a good adsorbent with low cost, high efficiency, and is recyclable.
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