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Abstract: This work aimed to investigate the adsorption capacity of the ZnAl/LDH to remove methyl orange and congo
red dyes from aqueous solution. The absorbent characterization indicated typical morphological and structural properties
characteristic of layered double hydroxides. From the absorption tests, it was possible to verify that the solution's pH did
not significantly affect the adsorptive process for the two pollutants. The kinetic study presented a better adjustment for
the pseudo-first-order model, indicating physisorption as the major mechanism for the adsorption of the two dyes studied.
Finally, a removal percentage of 99.1% was achieved for congo red, and 96.7% for the methyl orange, showing that

MgAI/LDH is a promising material in adsorption processes with dyes.
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1. Introduction

Among the group of minerals referred to as non-
silicate oxides and hydroxides, the layered double
hydroxides (LDH) have many physical and
chemical properties similar to those of clay
minerals, also known as “anionic clays” that have a
similar structure to brucite [1, 2].

In recent years, there has been an increasing
interest in layered double hydroxides (LDHs), due
to its great potential as an adsorbent, which may be
associated with its lamellar structure, high porosity,
high specific surface area, and great chemical and
mechanical stability. In addition, due to their
properties, LDH can be applied in catalysts and
catalyst supports [3], anion exchangers [4],
bioactive nanocomposites [5], electroactive and
photoactive materials [6], and flame retardant
nanocomposites [7].

The Brazilian Health Regulatory Agency
(Anvisa) regulates the use of natural and synthetic
dyes in the textile and food industry. Synthetic dyes
are acquired through organic synthesis. There are
several types of dyes, however, the main ones are
azo, anthraquinone, heterocyclic, triphenylmethane,
and polymeric [8]. Among the organic dyes
produced in the world, the azo group (-N=N-) which
represents approximately 70% of its totality. Thus,
the exacerbated use of these dyes and their
environmental disposal generate a great concern,
due to their persistence and toxicity. They are
accumulated in organisms through metabolism, after
ingestion, especially aromatic amines, which have
chronic toxicity, with carcinogenic effects [9, 10].

Dyes that have azo bonds (-N=N-) next to the
aromatic structure present high stability to
photochemical processes and also to degradation by

natural factors, implying considerable difficulty in
the process of removing it in wastewater [11, 12].

Adsorption is a process that has been extensively
studied and used in the treatment of effluents, due to
its low operating cost and high efficiency in
removing contaminants. Therefore, the use of LDH
is a promising alternative for the removal of these
dyes in effluent treatment, through the adsorption
process.

2. Materials and Characterization

The syntheses were carried out using the
coprecipitation method at increasing pH, in a 3:1
molar ratio of ZnAl [1]. The adsorbent was
characterized by X-ray diffraction (XRD) was
performed in a diffractometer Rigaku Minifex,
model 300, applying as radiation Cu-Ko with
A=1.5418 A. The surface morphology was evaluated
by Scanning electron microscopy (SEM, VEGA3
TESCAN). Thermogravimetric analysis (TG/DTG)
was performed on a Shimadzu thermobalance,
model DTG-60H, where alumina crucibles and
sample masses of approximately 10 mg were used.
A heating rate of 10 °C.min"* was used, from room
temperature to 800 °C, in a synthetic air atmosphere
with a flow rate of 50 mL.min™,

2.1. Adsorbate preparation

Two standard solutions were prepared with 200
mg.L'? of methyl orange and congo red as
adsorbates. The analytical curve was performed via
molecular absorption spectrophotometry in the
ultraviolet region through a spectrophotometer
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Multispec-1501,  Shimadzu. For  this, the
wavelengths of 464 nm and 498 nm were used for
methyl orange and Congo red, respectively [13-15].

2.2. Adsorption tests

The adsorption capacity ¢: (mg.g') was

calculated by Eq. 1.
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Where c, represents the initial concentration of
adsorbate (mg.L'), ¢, is the equilibrium
concentration (mg.L?), V is the sample volume (L),
and m is the adsorbent mass (g).

2.3. Effect of the solution's initial pH

To determine the pH effect on the adsorption
process, solutions with pH values of 4, 5, 6, 7, 8, and
9 were used. Thus, the experiments were conducted
under the following conditions: adsorbent mass of 0,
1 g, solution volume of 50 mL, dye concentration of
20 mg.L?, contact time of 14 h, stirring at 150 rpm,
and ambient temperature. The appropriate pH
adjustments were performed using 0.1 mol.L HCI
and 0.1 mol.L'* NaOH solution.

2.4. Kinetics of adsorption

Based on the data obtained in the study of the
solution's pH effect, other experiments were carried
out without adjusting the solution pH value. Thus,
the adsorption was performed with the same
conditions of the pH test, varying the time, in the
adsorption conditions of 20 mg.L-1 and 5 mg.L-1.
Kinetic adsorption was evaluated through pseudo-
first-order and pseudo-second-order models. The
kinetic adsorption was evaluated according to well-
documented procedures [35-37]. The traditional
kinetics models were chosen to be fitted to the
experimental data. The pseudo-first order (PFO)
(Eq.2), and pseudo-second order (PSO) (Eg. 3).

q,=q, (1-exp(-k;1)) 2

t
47—~ . . <
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Where, ki (min?), and k. (g mg* min?) for the
PFO, PSO, respectively; and qi, and g. are the

theoretical adsorption capacities (mg g-1) for the
PFO, PSO, models, respectively.

3. Results and discussion
3.1. Characterization

Fig. 1 a) corresponds to the TG/DTG curves in
LDH. The results show two regions of huge mass
loss. The first one is below 300 °C, in which initially
the loss of water occurs in the interlamellar space at
between 135-200° C, and between 200-300°C the
mass loss can be attributed to dehydroxylation of the
structure and decomposition of nitrate anions [16].
The second mass loss occurs between approximately
400-700°C, corresponding to the amount of CO,
released from the decomposition of carbonates
[17,18].
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Fig. 1. Adsorbent characterization a)
thermogravimetric analysis (TG/DTG), b) X-ray
diffraction (XRD), and c) scanning electron
microscopy (SEM).

Through Fig. 1 b), it is possible to note that the
adsorbent presented peaks at approximately 11.8°;
23.4°; 34.4°, 39.2°, 46.7°, 60°, and 61.7°, which
correspond to the reflections (003), (006), (012),
(015), (018), (110), and (113), respectively. The
results obtained are in agreement with the work of
Rodriguez-Rivas et al. [19].

According to Fig. 1 c), it can be seen that the
material studied exhibits a regular hexagonal
platelet morphology and lamellar structure [20]. The
morphology of the material presents characteristics
attributed to LDH, dense material with an apparently
layered structure, rough surface, and possibly
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crystalline structure like sheets. Hexagonal platelets
can be attributed to carbonated brucite-like leaves
[21].

3.2. Kinetics of adsorption

In Fig. 2. are presented the adsorption kinetics
for methyl orange and congo red dyes. From the
Kinetic studies, it is possible to note that in both
pollutants, at a concentration of 20 mg.L?, the
equilibrium is reached in approximately 5 minutes.
For a concentration of 50 mg.L™?, the equilibrium is
reached in approximately 30 minutes. This time
difference was expected since at higher
concentrations, there are high adsorption rates at the
beginning, which decrease with the occupation of
the adsorption sites, thus reducing the adsorption
rate. Furthermore, repulsive forces can occur
between the adsorbed and non-adsorbed molecules,
reducing the time the system needs to reach
equilibrium.
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Fig. 2. Adsorption kinetics for a) methyl orange, and b)
congo red dyes.

Table 1 shows the data obtained from the
adjustments of the pseudo-first-order (PFO) and
pseudo-second-order (PSO) kinetic models for
methyl orange (MO) and Congo red (CR).

Table 1. Data obtained from the fits of the pseudo-first-
order and pseudo-second-order models.

Model ge (mg. g?) kepo, keso R? & (%)

MO 20 PFO 9.60 0.5159 0.9998 0.37
(mgL?) PSO 9.50 -28336 0.9941 1.93

MOS0 PFO  22.95 0.3407 0.9827 4.04
(mgL?Y) PSO  22.34 -56274 0.9529 7.15

CR20 PFO 9.81 0.5205 0.9990 0.82
(mgL?1) PSO 10.00 -41721 0.9936 2.24

CR50 PFO 2258 0.2752 0.9742 4.96
(mgL?) PSO  21.72 94390 0.9217 9.24

Based on the values of correlation coefficient (R?)
and average relative error (g), it is possible to
observe a better convergence between the

experimental data and the pseudo-first-order model.
Furthermore, the experimental g. value is in
agreement with the ge values obtained by fitting the
pseudo-first-order model. These conditions were
observed for the two pollutants and in the two
concentrations studied, thus indicating that the
adsorption process occurs mainly via physisorption.

4. Conclusions

From the study, it was possible to conclude that
the solution's pH solution did not significantly affect
the adsorptive process for the two pollutants,
indicating the possibility of its use in a wide pH
range. Furthermore, it was observed from the
kinetic study that equilibrium was reached between
5 and 30 minutes, with better adjustments for the
pseudo-first-order model, indicating physisorption
as the major mechanism for the adsorption of the
two dyes at the two concentrations studied. Finally,
a removal percentage of 99.1% was achieved for
congo red, and 96.7% for the methyl orange,
showing that ZnAl/LDH is a promising material in
adsorption processes with dyes.
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