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Abstract 

Sodalite type zeolite from silicon and aluminum post consume was coated 

with layered double hydroxide (molar relationship Mg2+ / Al3+ = 2) by co-

precipitation to low saturated method. The structural, morphological and 

textural properties for the zeolite, LDH and coated material were 

characterized by the powder X-ray diffraction (XRD), scanning electron 

microscopy (SEM), Nuclear Magnetic Resonance spectroscopy (NMR) 27Al 

and textural measurements. The solids obtained were used by removal 

Cu2+, Cl-, NO3- and SO42- from Cu(NO3)2, CuCl2 and CuSO4 solutions. 

Removal capacity was studied by X-ray Fluorescence spectrometry (XFR) 

(for Cu, Cl and S) and UV-vis spectroscopy (NO3-), the results were 

showed the sodalite coated with LDH retained simultaneous uptake 

cations and anions Cu2+ (9.26 mmol*g-1), Cl- (9.34 mmol*g-1), SO42- 

(8.82 mmol*g-1) and NO3- (14.41 mmol*g-1). These results show zeolites 

coated with LDH can using how removal harmful cations and anions and 

catalysts. 

Keywords: Cations and anions adsorption, LDH, XRD, SEM, NMR, 

zeolite, sodalite type, water remediation. 

 

Resumen 

Se sintetizaron zeolitas tipo sodalita a partir de silicio y aluminio 

posconsumo, las cuales se recubrieron con el hidróxido doble laminar 

(HDL) con una relación molar Mg2+ / Al3+ = 2, que se formaron por el 

método de coprecipitación a baja saturación. Las propiedades 

estructurales, morfológicas y texturales de la zeolita, el HDL y el material 

recubierto se determinaron mediante difracción de rayos X de muestras 

policristalinas (XRD), microscopía electrónica de barrido (SEM), 
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espectroscopía de resonancia magnética nuclear 27Al (RMN) y medidas 

texturales. Los sólidos obtenidos se utilizaron para la eliminación de Cu2+, 

Cl-, NO3- y SO42- desde soluciones acuosas de Cu(NO3)2, CuCl2 y CuSO4, 

estudiando la capacidad de remoción por espectrometría de fluorescencia 

de rayos X (XFR) para Cu2+, Cl- y SO42-, y espectroscopía UV-Vis para el 

NO3-. Los resultados mostraron que la zeolita tipo sodalita recubierta con 

HDL fue capaz de hacer la captación simultánea de cationes y aniones 

como el Cu2+ en 9.26 mmol*g-1, Cl- en 9.34 mmol*g-1, SO42- en 8.82 

mmol*g-1 y NO3- en 14.41 mmol*g-1. Estos resultados muestran que las 

zeolitas recubiertas con HDL se pueden usar para retener cationes y 

aniones dañinos para el medio ambiente, y representan una oportunidad 

para diseñar catalizadores 

Palabras clave: adsorción de aniones y cationes, HDL, XRD, SEM, RMN, 

zeolita, tipo sodalita, remediación del agua. 
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Introduction 
 
 

LDHs are a group of clays or hydrotalcite-like compounds with a CdI₂-

type structure, containing M²⁺ and M³⁺ cations within hydroxide layers 

with the general composition (M²⁺(1-x) M³⁺ₓ(OH)₂), resulting in a residual 

positive charge. This charge is compensated in the interlayer space by 

anions (Yₓ/ₙ), where 'Y' is the interlayer anion, 'n' is the charge of the 
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interlayer anion, and x is the molar ratio (M³⁺ / (M²⁺ + M³⁺) (Theiss, 

Couperthwaite, Ayoko, & Frost, 2014; Chung et al., 2020). These anions 

are exchangeable depending on synthesis conditions, which makes LDHs 

useful for various applications such as the intercalation of biomolecules 

and surfactants (Kumari et al., 2023), controlled drug release (Guilherme, 

Cunha, De Paula, De Araujo, & Constantino, 2022), photocatalysts for 

H₂(g)/O₂(g) generation (Yang et al., 2021), oxidation and catalysis of 

contaminants in wastewater (Xie et al., 2021), and internal reactions for 

biomass transformation (Li et al., 2024). 

Zeolites are microporous crystalline solids with molecular-scale 

dimensions that accommodate exchangeable cations. Their three-

dimensional framework is composed of tetrahedral units consisting of four 

oxygen atoms surrounding a T cation (T = Si, Al, B, Be, Co, Ga, Ge, Fe, 

P, Zn), interconnected through oxygen atoms to form tectosilicates. These 

frameworks are capable of cation exchange and can selectively host 

organic molecules, such as leachates and/or nutrients, making them 

useful in agriculture and environmental protection (Cataldo et al., 2021; 

Szerement, Szatanik-Kloc, Jarosz, Bajda, & Mierzwa-Hersztek, 2021; 

Yuan, Han, Deng, Zhou, & Zhou, 2024). Zeolites can also be used to 

deposit chemical species such as rhodium, calcium, chlorine, copper, and 

chromium on their surfaces or within their cavities for applications in fine 

organic synthesis and/or high-efficiency catalytic production (López, Toro, 

Romero-Bohórquez, Quintana, & Henao, 2020; Weitkamp, 2020; Zhang 

et al., 2023; Liu et al., 2024). 

According to the strong anion and cation removal abilities known in 

LDHs and zeolites, the aim is to develop a material that integrates both 

tectosilicate and layered double hydroxide (LDH) structures. A first step 

in this area was the incorporation of Mg-Al LDHs into an LTA-type zeolite 
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(Yamada et al., 2006) and their application for the removal of copper 

anions and cations from wastewater at low concentrations (Bezerra, 

Bieseki, Da Silva, & Pergher, 2019). For the removal of Cr⁶ ⁺, 

hydrotalcites, LDH-Cl, and natural zeolites combined with LDHs have been 

used ((Wang, Zhou, Achari, Yu, & Cai, 2014; Yue, Liu, Chen, & Lin, 2017; 

Zhang et al., 2019a; Zhang et al., 2019b). In the case of Cd²⁺ retention 

(1,428.57 mg·kg⁻¹), zeolites combined with Zn-, Mg-, and Fe-based LDHs 

have been employed, and similar systems have also been used for 

nitrogen and phosphorus fixation (Yuan et al., 2018; Zhang et al., 2019a; 

Ji et al., 2020). The present study seeks to use a more basic zeolite, such 

as sodalite—with smaller cages and increased surface area—coated with 

Mg-Al LDH in order to develop a material with high capacity for the 

removal of anions and cations from copper-containing solutions. This 

could facilitate the development of heterogeneous catalysts for 

polymerization processes (Hong et al., 2004) or for water electrolysis 

(Lee, Wu, & Sun, 2020). 

 
 

Materials and methods 
 
 

Materials 
 
 

Sodium silicate and aluminate solutions were obtained from waste silica 

sourced from conventional chromatography columns and post-consumer 

aluminum from food packaging. The following reagents were used: NaOH 

(MERCK), MgCl₂·6H₂O (MERCK), AlCl₃·6H₂O (MERCK), Na₂CO₃ 

(MERCK), Cu(NO₃)₂ (MERCK), CuCl₂ (MERCK), and CuSO₄ (MERCK). 

All synthesized solids were washed with deionized water and dried at 298 

K. Each solid was synthesized in triplicate. 
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Synthesis of precursors 
 
 

For the treatment of post-consumer silicon, the purification process 

reported by Teixeira, Mathias and Canela (2003); was applied. The 

purified silicon was then mixed stoichiometrically with 3 M NaOH at 363 

K under reflux for 2 hours. After the reaction, the mixture was filtered, 

and the sodium silicate solution (filtrate) was characterized by atomic 

absorption spectroscopy using a THERMO ELECTRON instrument equipped 

with a silicon hollow cathode lamp. A concentration of 30,000 mg/L of 

silicon was obtained. The solution was then concentrated by evaporation 

at 350 K until reaching a final silicon concentration of 60,000 mg/L. 

For the sodium aluminate solution, aluminum foil was washed with 

water and dried at 298 K. The aluminum was then treated 

stoichiometrically with 3 M NaOH until hydrogen gas evolution ceased, 

following the procedure described by Quintana, Aparicio, Parra, Henao 

and Ríos (2014). The resulting filtrate was characterized by atomic 

absorption spectroscopy using a THERMO ELECTRON instrument with an 

aluminum hollow cathode lamp, yielding a concentration of 100,000 mg/L 

of aluminum. 

 
 

Synthesis of the zeolite 
 
 

A solution A was prepared by mixing 15.5 ml of sodium aluminate with 

3.1 g of NaOH, and solution B was prepared by mixing 26.8 ml of sodium 

silicate. The two solutions were then mixed drop by drop in a 65 ml Teflon 

reactor, ensuring that the reactor was 65 % full. During the mixing, the 

reaction was kept under constant agitation at 250 rpm. After the addition 
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was complete, the reactor was sealed and heated at 363 K for 32 hours. 

At the end of this period, the mixture was filtered, the solid was washed, 

and then dried at 50 °C for 12 hours. The resulting material was 

designated SOD1. 

To reduce the crystal size of the previously synthesized material, 

1.000 g of SOD1 was mixed with 82.5 mL of 0.01 M aluminum chloride 

solution. The mixture was then subjected to reflux at 750 rpm for 2 hours. 

After the process, the mixture was filtered, washed with distilled water 

until neutral pH was reached, and dried at 50 °C for 12 hours to obtain 

the solid SOD2. 

 
 

Synthesis of the layered double hydroxide 
 
 

The HDL was synthesized using a low saturation coprecipitation method. 

Solutions of hexahydrate aluminum chloride and hexahydrate magnesium 

chloride were mixed with a molar ratio of Mg/Al equal to 2. Starting with 

1.0000 g of aluminum salt, it was combined with magnesium salt and 

diluted to 25 ml. As the precipitating solution, 0.2000 g of sodium 

carbonate was dissolved in 25 ml of a 3 M sodium hydroxide solution. The 

pH was adjusted to 9, and the mixture was stirred for 30 minutes. The 

crude reaction mixture was then aged at 363 K for 9 hours. The solid was 

filtered, dried at 50 °C for 12 hours, and was manned as HDL2. 

 
 

Synthesis of Zeolites Coated with Layered Double 
Hydroxides 

 
 

Starting with 1.0000 g of SOD2, it was treated at 573 K for 1 hour under 

a constant flow of N2(g). Then, without removing the inert flow, the solid 
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was cooled to 273 K. Subsequently, 25 ml of a solution containing 

aluminum and magnesium cations in a molar ratio of 2 (prepared from 

MgCl2·6H2O and 1.0000 g of Al(NO3)3·6H2O) was added. Next, 25 ml of 

3M NaOH, prepared with decarbonated water under argon, was added to 

the mixture. Finally, the reaction was treated at 362 K for 9 hours under 

magnetic stirring at 750 rpm. The filtered solid was washed with distilled 

water until neutral pH was reached and then dried at 50 °C. The resulting 

material was designated as SOD2-HDL2. 

 
 

Ion exchange study 
 
 

For ion fixation, 0.1000 g of SOD1 was mixed with 20 mL of 0.02 M 

Cu(NO3)2 and stirred at 500 rpm for 30 minutes. After the designated 

time, the mixture was filtered, and the filtrate was characterized. The 

procedure was repeated for the materials HDL2, SOD2, and SOD2-HDL2, 

with each material, but replacing the copper solution with CuCl2 and then 

CuSO4, both at 0.02 M concentration of copper. 

The obtained filtrates were studied by X-ray Fluorescence (XRF) 

using a Bruker S8 Tiger dispersive wavelength X-ray spectrometer with 4 

kW power, applying the Quant-Express method for light elements. A 

Rhodium tube was used as the X-ray source, and a high-precision 

goniometer was employed for theta and 2-theta angles to determine the 

concentrations of copper, sulfate, and chloride. The quantification of the 

copper nitrate solution was performed using ultraviolet-visible 

spectrophotometry with a Shimadzu UV-VIS spectrophotometer at a 

wavelength of 410 nm, following the protocol published by Jagessar and 

Sooknundun (2011). 
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Solid characterization 
 
 

The X-ray diffraction (XRD) patterns of polycrystalline samples were 

measured using a Bruker D8 ADVANCE instrument with DA VINCI 

geometry, employing Cu Kα1 radiation under the following conditions: 40 

kV, 30 mA, Soller slits at 2.5° (Incidence and diffraction). The profile was 

measured from 3.5° to 70.0° 2θ with a step size of 0.015° 2θ, and 

samples were taken using continuous scanning. Morphological 

characterization was performed by Scanning Electron Microscopy (SEM) 

(FEI QUANTA 200). The 27Al NMR measurements were conducted with a 

Bruker Advance III-400 spectrometer, using a 4 mm solid-state probe 

and Al(NO3)3 as a reference at 0 ppm, with a central frequency of 78.14 

MHz at ambient temperature. Finally, textural measurements were 

performed on a 3Flex Micromeritics instrument. The sample was degassed 

at 573 K for 8 hours, followed by nitrogen (N2) adsorption/desorption at 

75.062 K for 12 hours. 

 
 

Results and discussion 
 
 

X-ray diffraction patterns for the solid samples SOD1, SOD2, HDL2, and 

the composite SOD2-HDL2 are shown in Figure 1. Analysis of these 

patterns using the SEARCH/MATCH software and the ICDD PDF-4 

database revealed that SOD1 exhibits a highly crystalline profile 

consistent with the sodalite-type phase, matching PDF card No. 76-1639. 

This indicates a well-formed synthetic zeolite structure with no detectable 

amorphous content. 
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Figure 1. Diffraction profiles of the synthesized materials. 

 

In the case of SOD2, the diffraction pattern confirms the retention 

of the same zeolitic phase; however, a notable decrease in crystallite size 

is evident. This is supported by the overall reduction in peak intensity 

(counts per second) across the diffractogram and a slight increase in 

background intensity around 25° 2θ. This behavior is attributed to the 

presence of AlCl₃, which acts as a Lewis acid and disrupts oxo-hydroxo 

bonds within the crystalline framework, leading to partial structural 

destabilization (Bernal & Railsback, 2008). 

 

According to Figure 1, the HDL2 solid exhibits a crystalline 

diffraction pattern consistent with the PDF-35-965 reference phase. The 
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pattern indicates well-ordered lamellar stacking without turbostratic 

disorder, as evidenced by the symmetric reflection of the (003) plane 

located at 11.60° 2θ, showing no asymmetry (Forano, Hibino, Leroux, & 

Taviot-Guého, 2006). The diffractogram of the SOD2-HDL2 solid reveals 

the presence of HDL phases corresponding to PDF-43-72, while retaining 

the amorphous zeolite phase. This suggests the coexistence of both 

crystalline phases, with a possible coating of the sodalite-type zeolite 

crystallites by HDL nanosheets. This interpretation is further supported by 

SEM and NMR observations. Moreover, the absence of any shift in the 

(003) reflection, with the interlayer spacing remaining unchanged, implies 

that the anionic species between the layers are OH⁻ and CO₃² ⁻. In other 

words, no components from the zeolite were intercalated into the HDL 

structure, which is consistent with expectations for this material and in 

agreement with synthetic pathways reported for similar systems (Yamada 

et al., 2006; Wang et al., 2014; Yue et al., 2017; Zhang et al., 2019a, 

Zhang et al., 2019b). 

Morphological analysis, shown in Figure 2, reveals the following: For 

the SOD1 solid, parallelepiped-shaped sodalite crystals ranging in size 

from 0.9 to 1.6 µm are observed, which tend to aggregate (Figure 2a). In 

the case of HDL2, the lamellar stacking characteristic of HDL crystals is 

evident, with various lamellar grains forming the crystalline structure 

(Figure 2b and 2c). Upon amorphization of the initial tectosilicate in SOD2, 

the crystal size decreases to 0.5–0.7 µm, while retaining the original 

morphology and aggregation behavior (Figure 2d). Finally, in the SOD2-

HDL2 composite (Figure 2e), the presence of slightly distorted sodalite 

crystals is confirmed, along with an external coating by HDL layers. This 

observation closely resembles findings reported by Yamada et al. (2006) 

for LTA-type zeolite crystals. The formation of such a structure is 
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attributed to the basic character of the aluminosilicate surface, which 

promotes interactions with the residual positive charges associated with 

aluminum-centered octahedra in the HDL phase. 

 

 

Figure 2. SEM images: (a) SOD1, (b) HDL2, (c) HDL2 — close-up of the 

lamellae, (d) SOD2, and (e) SOD2-HDL2. 
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The 27Al MAS NMR spectra of the transition materials SOD1, HDL2, 

SOD2, and SOD2-HDL2 are shown in Figure 3 (a–d). A strong resonance 

around 50 ppm is observed for the SOD1 sample (Figure 3a) and with 

lower intensity for SOD2 (Figure 3c), indicating the presence of 

tetrahedral coordination in the sodalite zeolite structure before and after 

amorphization. These signals are characteristic of tectosilicate-type 

materials (Datt, Burns, Dhuna, & Larsen, 2013). The resonance near 0 

ppm indicates the presence of octahedral coordination, as seen in the 

HDL2 (Figure 3b) and SOD2-HDL2 (Figure 3d) samples, corresponding to 

6-coordinate aluminum in the HDL structure. This confirms the 

coexistence of both crystalline phases in the composite material. 
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Figure 3. 27Al MAS NMR spectra (ν = 78.14 MHz) of the samples: (a) 

SOD1, (b) HDL2, (c) SOD2, and (d) SOD2-HDL2. 

 

In Figure 3c, corresponding to the SOD2 sample, a splitting of the 

original signal is observed along with the appearance of new peaks 

attributed to hexacoordinate or extra-framework aluminum species 

around 0 ppm. The most intense resonance remains that of tetrahedrally 

coordinated aluminum at 50–60 ppm. Additional signals are observed at 

approximately 25 ppm, corresponding to pentacoordinate aluminum 

species, and in the 70–90 ppm range, attributed to free Al⁴⁵ species (Datt 

et al., 2013). The emergence of these new resonances, associated with 
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different aluminum coordination environments, indicates that the 

treatment with aluminum chloride disrupts the tetrahedral aluminum 

framework, generating various coordination geometries and particle 

sizes. This structural modification enhances the potential for interaction 

with copper salts on the material's surface. 

In Figure 3d, corresponding to the SOD2-HDL2 sample, two distinct 

signals are observed in addition to the HDL2 signal at 0 ppm. A resonance 

at 60 ppm is attributed to tetrahedral aluminum in the zeolite framework, 

while a signal at 70 ppm corresponds to tetrahedrally coordinated 

aluminum in distorted HDL species (Di Bitetto, André, Carteret, Durand, 

& Kervern, 2017). 

Figure 4 shows the N₂ adsorption/desorption isotherms, which 

reveal distinct behaviors for each sample. The HDL2 sample exhibits a 

type IV isotherm, characterized by a hysteresis loop associated with 

mesoporosity. This behavior results from capillary condensation, which 

limits adsorption at high relative pressures. These results suggest that 

the pH-controlled synthetic route promotes the formation of mesopores 

beyond those reported by Bezerra et al. (2019). In contrast, the SOD1 

and SOD2 samples display type III isotherms, indicative of weak 

adsorbate–adsorbent interactions, typically associated with materials 

exhibiting low porosity or microporosity. 
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Figure 4. N₂ adsorption/desorption isotherms of the SOD1, SOD2, 

HDL2, and SOD2-HDL2 samples. 
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After synthesizing the materials to obtain the SOD2-HDL2 

composite, it was observed that the adsorption/desorption curve is of type 

IV, with a shift from microporous to mesoporous character, associated 

with the characteristic hysteresis loop observed in such cases. These 

results are comparable to those obtained by Bezerra et al. (2019) for an 

LTA zeolite with an Mg/Al HDL ratio of 3. This leads to the conclusion that, 

in the case of sodalite, the coating of the materials increases their porosity 

The analysis of the results obtained from the adsorption/desorption 

isotherms provided the BET surface area, pore volume, and average pore 

size values for the synthesized materials, which are presented in Table 1. 

The pore size values for all the materials fall within the range 

corresponding to mesoporous materials, which is 2–50 nm (Tian et al., 

2025). The average pore size for HDL2 and SOD2 is considerably larger 

than that of the other materials, as shown in Table 1. This can be 

attributed to the fact that the pure crystalline phases maintain better 

crystal growth. 

 

Table 1. Pore textural properties of SOD1, SOD2, HDL2, and SOD2-

HDL2. 

Sample S BET (m²g-1) V (cm³g-1) D(nm) 

HDL2 127.99 0.242 7.57 

SOD1 6.97 0.010 5.94 

SOD2 7.25 0.014 8.07 

SOD2-HDL2 175.33 0.219 5.00 
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The use of amorphizing agents such as AlCl₃ in the synthesis of the 

SOD2 solid, due to its nature as a Lewis acid, affects hydroxyl groups, 

leading to defects and alterations in the porous framework. This 

interaction promotes the displacement of sodium ions by extra-framework 

aluminum, which in turn increases the size of hydration spheres and 

results in enlarged pore diameters. The SOD2-HDL2 sample exhibits a 

smaller average pore size, which may be attributed to the tertiary 

structure of sodalite containing microporous nuclei that can interact with 

similarly structured nuclei within the HDL phase. This interaction likely 

leads to more extensive coverage of the HDL grains, thereby reducing the 

apparent pore accessibility (Contini, Jendrlin, Al-Ani, & Zholobenko, 

2024). 

The coated materials exhibit greater pore volume and pore size 

compared to LTA-type zeolites synthesized with varying amounts of 

organosilanes used as surfactants (Lucena et al., 2022). The materials 

synthesized in this study also show higher specific surface area and pore 

volume than LTA zeolites, HDL with a Mg/Al ratio of 3, and the coated 

materials reported by Bezerra et al. (2016), highlighting progress in the 

development of materials with potential applications in removal processes 

and catalysis. 

The BET surface area increases after coating the HDL with SOD2 

zeolite, despite the relatively low surface area of pure SOD2 compared to 

sodalite-type zeolites reported by Derkowski, Franus, Beran and 

Czímerová (2006). This enhancement is even more pronounced when the 

HDL is deposited onto aluminosilicate crystals. The resulting increase in 

surface area significantly improves the material’s interaction with 

potential substrates in catalytic processes. 
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As shown in Table 2, after mixing the four previously characterized 

materials with 0.02 M solutions of copper nitrate, sulfate, and chloride, all 

materials exhibited Cu²⁺ ion uptake, ranging from 2.31 to 9.26 mmol Cu²⁺ 

per gram of material. For the sodalite zeolite (SOD1), the copper ion 

removal capacity from nitrate solution is comparable to that reported by 

Quintana et al. (2014), confirming that the sodalite-type cavity in both 

structures is responsible for accommodating the Cu²⁺ cation. 

 

Table 2. Percentage of Cu2+,, 𝑁𝑁𝑂𝑂3−P

 , 𝑆𝑆𝑆𝑆42−and 𝐶𝐶𝐶𝐶− ions fixed in the solids. 

Sample 
Copper nitrate  Copper sulfate Copper chloride 

*Cu2+ * NO3- * Cu2+ * SO42- * Cu2+ * Cl- 

SOD1 
4.84 

±0.02 

12.20 

±0.02 

5.41 

±0.01 
0.00 

5.83 

±0.01 

4.17 

±0.01 

SOD2 
2.31 

±0.01 

13.21 

±0.01 

4.88 

±0.02 

3.20 

±0.01 

2.35 

±0.01 

3.60 

±0.01 

LDH2 
4.30 

±0.01 

13.50 

±0.02 

6.06 

±0.02 

4.59 

±0.02 

4.31 

±0.01 

4.69 

±0.01 

SOD2-

LDH2 

7.28 

±0.02 

14.41 

±0.02 

9.10 

±0.01 

8.82 

±0.02 

9.26 

±0.02 

9.34 

±0.02 

 

The variation in Cu²⁺ removal efficiency is attributed to the influence 

of the accompanying anion, as it has been demonstrated that the anion 

significantly affects the cation's removal from the target solution. For 

SOD1 and SOD2-HDL2, which are more basic materials than amorphized 

sodalite and HDL, the removal follows the trend Cl⁻ > SO₄² ⁻ > NO₃⁻. In 

contrast, for the less basic amorphized sodalite and HDL, copper removal 

is highest when derived from SO₄² ⁻, followed by Cl⁻ and then NO₃⁻. This 
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behavior can be explained by differences in anion polarizability, which in 

turn influence the size of hydration spheres (Bergström, Lindgren, & 

Kristiansson, 1991). 

These findings indicate that the synthesized materials exhibit 

superior Cu²⁺ removal capacities compared to DOWEX 50W resins (4.6 

mmol·g⁻¹) (Pehlivan & Altun, 2006), layered double hydroxide (LDH) with 

Mg/Al = 3 (0.37 mmol·g⁻¹), and other systems such as mercaptoethane 

sulfate nanoparticles (Bezerra et al., 2019; Vicente-Martínez, Caravaca-

Garratón, García-Onsurbe, & Soto-Meca, 2021), treated biomass like 

tuber peels, and marine species-based biosorbents (Aman, Kazi, Sabri, & 

Bano, 2008; Panfili, Bartucca, Ballerini, & Del Buono, 2017). 

In terms of anion removal, the synthesized sodalite and HDL 

materials demonstrated sulfate, nitrate, and chloride retention 

capabilities—except for SOD1, which showed no sulfate uptake. This lack 

of removal may be due to the larger hydration sphere of sulfate compared 

to the pore size of the zeolite (Bergström et al., 1991). The overall anion 

removal capacity surpasses that reported for natural LTA-type zeolites 

and LDH with Mg/Al = 3, either individually or as composites (Yuan et al., 

2018; Bezerra et al., 2019; Zhang et al., 2019b) highlighting the higher 

surface basicity of the materials developed in this work. 

Furthermore, the results demonstrate that coating a basic 

tectosilicate with an HDL of low Mg/Al molar ratio significantly enhances 

the material’s ability to retain both anions and cations. This behavior 

contrasts with that observed in systems involving less basic LTA zeolites 

and HDL with higher Mg/Al ratios, where reduced retention is observed. 

This inverse trend may be associated with the precipitation of copper 

hydroxy salts and their counter-anions within the internal structure and 
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on the surfaces of the crystalline frameworks and layered sheets (Bezerra 

et al., 2019). 

In addition, the removal capacities for both cations and anions from 

contaminated salts—measured in moles per gram of coated material—are 

notably higher than those reported for chlorine-based HDL (2.01 mmol 

Cr⁶ ⁺/g) (Yue et al., 2017), hydrotalcite (0.58 mmol Cr⁶ ⁺/g) (Wang et 

al., 2014), Mg-Fe³⁺ HDL (0.11 mmol Cr⁶ ⁺/g) (García-Sosa et al., 2015), 

modified zeolites (0.02 mmol Cr⁶ ⁺/g) (Salgado-Gómez, Macedo-Miranda, 

& Olguín, 2014), and synthetic phillipsite-type zeolites used for the 

inclusion of ions such as rhodium, calcium, and copper (López et al., 

2020). 

 
 

Conclusions 
 
 

A synthetic route was successfully developed for obtaining sodalite-type 

zeolite, hydrotalcite-like layered double hydroxide (HDL), and an HDL-

coated tectosilicate using post-consumer materials. The resulting 

materials demonstrate that parallelepiped-shaped sodalite grains are 

coated with HDL nanosheets containing both octahedral and tetrahedral 

aluminum coordination, with minor structural distortions. The materials 

exhibit Type IV isotherms, a significantly higher specific surface area than 

typical sodalite, mesoporosity, and high ion exchange capacity. The HDL-

coated sodalite-based material showed effective removal capacities for 

Cu²⁺ cations and Cl⁻, NO₃⁻, and SO₄² ⁻ anions, reaching up to 9.26 

mmol·g⁻¹ for Cu²⁺, and 9.34 mmol·g⁻¹, 8.82 mmol·g⁻¹, and 14.41 

mmol·g⁻¹ for Cl⁻, SO₄² ⁻, and NO₃⁻, respectively. These results highlight 

the potential of the synthesized materials for applications in water 

remediation and ion exchange processes. 
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