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Abstract: This work deals with the synthesis, characterization, and adsorptive removal performances 

for eriochrome black T (EBT) dye of Ni/Al lamellar double hydroxides (Ni-Al-LDH). The 

characterization results showed that the material exhibited excellent crystallinity and an excess of 

hydroxyl groups on its surface with better textural properties. Also, after interaction with EBT, FT-IR 

spectroscopy showed that EBT was on both surfaces adsorbed and intercalated by the material. 

Adsorption experiments results showed higher adsorption in an acidic pH medium. The adsorption 

process followed the pseudo-first-order kinetic model, and the Langmuir equation adequately described 

the equilibrium data. The maximum adsorption capacity was 37.71 mg/g at an initial dye concentration 

of 20 mg/L, contact time of 120 min, and temperature of 298 K. The thermodynamic parameters indicate 

spontaneous and exothermic physisorption process. Finally, the adsorption performance after three 

successive regeneration cycles shows that Ni-Al-LDH has superior adsorption and reuse performance 

for EBT dye, indicating that the material could be used as an effective adsorbent for the decontamination 

of anionic dyes in wastewaters. 
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1. Introduction 

Many industrial activities continuously discharge effluents containing high 

concentrations of dyes. As one of the serious pollutants, dyes are dissolved in water; they will 

sometimes be difficult to treat because dyes have a complex molecular structure that makes 

them more stable and difficult to be biodegraded [1,2]. Therefore, they can constitute risk 

factors for our health and a serious source of nuisance for our environment. Among the 

industries that use more dyes are the textile, leather, food, and plastic industries [3-5]. These 

sectors consume a lot of water and generate various effluents, which are overloaded with acid 

or basic dyes. The discharge of these wastewaters into the ecosystem is a serious source of 

problems with undeniable dangers such as eutrophication, disruption of aquatic life, under-

oxygenation, and consequently a potential danger of bioaccumulation and other long-term 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC133.265
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6613-339X


https://doi.org/10.33263/BRIAC133.265  

 https://biointerfaceresearch.com/ 2 of 15 

 

effects such as cancer, gene mutation, and other chronic diseases [6,7]. Therefore, it is essential 

to limit these pollutants by implementing a well-adapted treatment [8-10]. 

There are several physical, chemical and biological methods to treat dyes polluted 

effluents such as coagulation/flocculation [11], biodegradation [12], membrane filtration [13], 

ozonation [14], ion exchange [15], electrochemical methods [16] and advanced oxidation 

process like heterogeneous photocatalysis [17]. Until today, removing such pollutants is still a 

great challenge and is the subject of several research studies. Adsorption appears to be an 

effective means of removing dyes at a low cost, especially when the dyes are not biodegradable 

[18], and it also ranks high in terms of efficiency. 

The adsorbents used in practice are either organic (vegetable or animal) or mineral in 

nature and are used as they are or after an activation treatment to increase the porosity [19]. 

Several solid materials (clays, zeolites, activated alumina, sludge, biomasses, agricultural 

residues, and industrial by-products) can be used in water treatment processes. To avoid the 

problem of high-cost prices, research has focused on the choice of certain easy and cheap 

synthesized materials such as LDH, which are promising fixers and show significant efficiency 

and performance [20,21]. Indeed, due to their high anionic exchange capacity, the high charge 

density of the sheets favors the intercalation of anionic pollutants with the LDH matrix [22]. 

Layered double hydroxides, also known as anionic clays, due to the presence of anions 

between the layers, are synthetic phases similar to natural hydrotalcite of formula 

Mg6Al2(OH)16CO3,4H2O. The main sheets, consisting of a coplanar association of M(OH)6 

octahedra, are similar to those of brucite of formula M(OH)2 [23]. The presence of trivalent 

cations implies the positive charge of these layers. Anionic species occupy the interlamellar 

domain together with water molecules to restore electronic neutrality. These interlamellar 

species, weakly bound to the sheets by Van der Waals bonds, can be easily exchanged. The 

wide variety of associations of divalent, trivalent cations and anions that can be inserted into 

the structure gives a large number of new materials. 

Indeed, our contribution consists in studying the efficiency of Ni-Al-LDH in the 

sorption of eriochrome black T. This pollutant dye was chosen due to their properties, including 

its high solubility in water and the presence of the sulfonate and carboxylate groups which 

makes them non-biodegradability [24]. In this regard, Ni-Al-LDH phases were synthesized by 

the co-precipitation method and characterized by different physicochemical techniques, 

including X-ray diffraction (XRD). Fourier transforms infrared spectroscopy (FTIR) and 

scanning electron microscope coupled to the energy-dispersive X-ray spectroscopy 

(SEM/EDX). Moreover, the parameters influencing the adsorption (concentration, 

temperature, contact time, and material dosage) are studied. An exhaustive investigation of 

adsorption isotherms and kinetic studies is conducted to better understand the adsorption 

mechanism and the intercalation process of the dye molecules. 

2. Materials and Methods 

2.1. Materials. 

The chemical reagents used in this study were of analytical grade and were used without 

further purification. Nickel nitrate Ni(NO3)2.6H2O (≥ 99), aluminum nitrate Al(NO3)3.9H2O (≥ 

98), sodium carbonate Na2CO3 (≥ 99), sodium hydroxide (NaOH) (≥ 99), and eriochrome black 

T dye have been acquired from Sigma–Aldrich (Germany). Bi-distilled water was used as the 

solvent in this study. The molecular structure of the EBT dye is shown in Fig. 1. The dye stock 
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solution of 100 mg/L concentration was prepared and diluted to the required concentrations 

using bi-distilled water.  

 
Figure 1. Molecular structure of EBT dye. 

2.2. Synthesis. 

Ni-Al-LDH material with a 2:1 starting Ni/Al molar ratio was prepared through a co-

precipitation process. The synthesis was carried out by adding mixed metal nitrate solution 

with the total concentration of metal ions of 2 mol/L and Na2CO3 solution (1 mol/L) used as a 

carbonate source in a backer containing 50 mL of bidistilled water. The pH value of the reacting 

mixture was kept constant at 8.5 ± 0.2 by adding NaOH solution (2 mol/L). The mixture was 

stirred vigorously for 4 h. Then, the precipitates were transferred into an autoclave and 

hydrothermally treated at 75°C for 16 h. Finally, the treated precipitate was recuperated, 

filtered, washed several times with bidistilled water to neutral, and dried at 100°C for 24 h. 

2.3. Characterization. 

The structural and morphological characteristics of the synthesized material were 

examined by X-ray diffraction (XRD), infrared spectroscopy (IFTR), and scanning electron 

microscopy (SEM). The XRD was performed by a D2 PHASER diffractometer using CuKα 

radiations (λ=0.15406 nm) with 30KV and 10 mA. Scans were recorded in the 2θ range 10-80° 

with a step size of 0.01° (0.5s/step). The infrared spectrum was recorded on a Perkin Elmer 

(FTIR2000) spectrophotometer (resolution 4 cm-1) in the range of 4000-400 cm-1. The sample 

is being pressed into KBr discs. The scanning electron microscopy coupled to the energy-

dispersive X-ray spectroscopy (SEM/EDX) was obtained using a JSM-IT100-made EDS at an 

accelerating voltage of 30 kV. To investigate the surface charge properties of the material, the 

pH drift method proposed by Noh & Schwarz was applied to determine the point of zero 

charges (pHpzc) [25].  

2.4. Experimental procedure for EBT adsorption. 

Batch adsorption experiments were examined to investigate the effect of contact time, 

pH, initial dye concentration, adsorbent dosage, and temperature. These experiments were 

carried out by using (25-100 mg) of Ni-Al-LDH in 50 mL of EBT solution (10-100 mg/L) and 

pH solution in the range of 3.8-11.8. The pH of the solution was adjusted to the suitable values 

by adding NaOH (0.1N) or HNO3 (0.1N) and measured by using PL-600 Ph/mV/Temp model 

pH-meter. The temperature of the solution varied from ambient temperature to 50°C. After 

agitation at the constant agitation speed and appropriate contact time, the suspension was 

filtered by using a 0.45 µm membrane filter to separate the solid from the residual dye. The 
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final concentration of the target pollutant was quantified by a TOMOS V‐1100 UV‐vis 

spectrophotometer with the calibration curve method at the wavelength of maximum 

absorption of 530 nm.  

The percentage of removal efficiency (Removal (%)) and the adsorption capacity 

(qe(mg/g)) were estimated according to the following equation: 

Removal % = 
𝐶0−𝐶𝑒

𝐶0
∗ 100     (1) 

qe =  
𝐶0−𝐶𝑒

𝐶0
∗

1

𝑅
       (2) 

where qe(mg/g) is the quantity of EBT adsorbed per unit mass of adsorbent, C0 and Ce 

represent the initial and equilibrium concentration of EBT solution, and both (mg/L) and R 

(g/L) are the mass of adsorbent per liter of an aqueous solution.  

In order to determine the recyclability of the adsorbent, a cycle of the experiment was 

carried out under identical conditions. The suspensions were recovered by centrifugation, 

washed using different agents (NaOH, H2O, and HNO3) to remove the residual EBT, and dried 

at 100 °C before another adsorption test. 

3. Results and Discussion 

3.1. Characterization. 

3.1.1. X-ray diffraction. 

The crystallographic structural characterization of the prepared sample was 

investigated by the XRD technique. It can be observed from the pattern shown in Fig. 2 that all 

the diffraction peaks could be indexed entirely to a hydrotalcite-like structure crystallized in a 

hexagonal system with rhombohedral 3R symmetry (JCPDS 40-0216). The sample prepared 

under co-precipitation conditions is more crystalline, possessing characteristic reflections at 2θ 

values of 11.27°, 22.85°, 34.68°, 38.92°, 47°, 60.71°, 61.83°, and 64°, and were ready to be 

indexed to the (003), (006), (012), (015), (018), (110), (113) and (116) respectively, 

corresponding to the characteristic model of nickel-aluminum hydrotalcite structure (JCPDS: 

15–0087) which proved the successful synthesis of LDH structure. The cell parameter a 

represents the average cation–cation distance corresponds to the (110) reflection in the LDH 

structure, the lattice parameter ‘c’ corresponds to the interlayer distance, volume cell of the 

LDH samples, and the crystallite sizes are calculated using the Scherrer’s formula [26]. The 

calculated parameters were 9.1669 Å for cell parameter a, 15.4403 Å for lattice parameter c, 

1123.65 Å3 for cell volume, and 22 nm for crystallite size. 

 
Figure 2. XRD pattern of Ni-Al-LDH sample. 
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3.1.2. Fourier transform infrared (FTIR). 

Fig. 3 represents the FTIR spectrum of Ni-Al-LDH material. The figure revealed a 

broad band between 3600 and 3200 cm-1 that can be assigned to the stretching vibration of the 

hydroxyl groups physically adsorbed and interlamellar water molecules [27]. The band found 

at about 1600 cm-1 is attributed to the O-H bending vibrations of H2O molecules. In the region 

between 1300 and 1600 cm-1, the absorption band corresponds to the interlayer anion vibrations 

[28]. Moreover, the peaks observed in the range of 400-800 cm-1 could be interpreted as lattice 

vibration modes of metal-oxygen-metal vibration [29]. 

 
Figure 3. IFTR spectra of Ni-Al-LDH. 

3.1.3. SEM/EDX. 

The morphology and the microstructure of the pristine LDH prepared through the co-

precipitation method were investigated by SEM analysis.  

 
Figure 4. SEM/EDX image of Ni-Al-LDH. 
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Fig. 4 displays that the Ni-Al-LDH material with a molar ration of 2:1 exhibited coarse-

like particles with an irregular, non-uniform aggregate arranged on the surface and did not have 

the typical platelet particles. Energy-dispersive X‐ray spectrum (EDX) of the obtained product 

confirms the presence of Ni, Al, and O in the sample. 

3.2. Adsorption performance. 

3.2.1. Effect of adsorbent dosage.  

To investigate the effect of adsorbent dose on the removal efficiency of EBT, a series 

of experiments were carried out to assess the optimum adsorbent loading by varying the amount 

of the sample and maintaining constant all other experimental parameters. The obtained results 

are illustrated in Fig. 5. As can be seen from the figure, the adsorbent dosage has a great effect 

on the adsorption yield of the EBT. The removal efficiency of EBT increased from 54.1 % to 

almost 99.7 % once the adsorbent quantity was increased from 0.25 to 1 g/L due to the presence 

of more adsorption sites. However, with a further increase in adsorbent dosage, no appreciable 

improvement in adsorption yield was noticed. This can be attributed to decreasing the driven 

force of mass transfer in solution caused by the low EBT concentration in aqueous solution 

[30]. 

 
Figure 5. Effect of adsorbent dosage on the adsorption of EBT by Ni-Al-LDH: C0 = 20 mg/L, contact time = 

120 min, temperature = 25 °C, and pH = 5.8. 

3.2.2. Effect of initial concentration of EBT.  

The effect of the initial concentration of EBT on its adsorption capacity was 

investigated over the concentration range of 10-100 mg/L at the initial solution pH of 5.8 and 

by using 1 g/L of the adsorbent. Fig. 6 exhibits the influence of contact time on the removal of 

EBT at several initial concentrations. The finding shows an increasing EBT adsorption capacity 

of Ni-Al-LDH with the increase in initial dye concentration. A rapid initial uptake rate of EBT 

from the beginning until 30 min can be observed, which can be explained by the fact that at a 

higher initial concentration, the ratio of EBT molecules to the available actives sites on the 

surface of Ni-Al-LDH is higher [31]. After that, the adsorption rate became practically 

constant. At an initial concentration greater than 20 mg/L, the phenomenon of active site 
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recovery and specific surface saturation by the dye molecules appeared, as can assimilate the 

adsorption reaction efficiency to the difficulty of the charges of the dye to approach the active. 

Consequently, this significantly lower adsorption capacity of Ni-AL-LDH with an 

increase in EBT concentration is due to the gradual decrease in the available adsorption site. 

Moreover, with the rise in the concentration from 10 to 100 mg/L, the adsorption capacity (qe) 

increased from 10.16 mg/g to 29.68 mg/g. These results can be interpreted by the presence of 

more available EBT molecules for mass transfer at high concentrations. 

 
Figure 6. Effect of initial concentration on the adsorption of EBT by Ni-Al-LDH: R = 1g/L, contact time = 120 

min, temperature = 25 °C, and pH = 5.8. 

3.2.3. Effect of initial solution pH. 

The pH value of the reaction media is a key factor in the adsorption process owing to 

its impact on the surface charge and the ionization process of the adsorbate [32]. The effect of 

initial pH on the adsorption capacity was studied in the range (of 2.8-11.8) using 1 g/L of 

adsorbent and an initial EBT concentration of 20 mg/L. As shown in Fig. 7, an acidic medium's 

adsorption process is favorable. A maximum adsorbed amount of 22.37 mg/g was obtained at 

pH = 2.8 and then brusquely decreased. The pH point of zero charges (pHpzc) of Ni-Al-LDH 

adsorbent and the pKa value of EBT are important factors to consider in discussing the 

adsorption behavior. Eriochrome Black T molecule is a very pH-dependent molecule with two 

acidity functions of pKa 6.2 and 11.5. This means that at pH < 6.2, EBT molecules are present 

in an aqueous solution as monovalent anions. If 6.2<pH<11.5, EBT exists as divalent anions. 

Finally, at pH above 11.5, EBT molecule exists as trivalent anions. Besides, the pHpzc of Ni-

Al-LDH was found to be 7.5. Consequently, in the acidic medium and at pH values less than 

pHpzc, the surface of the adsorbent becomes more positively charged, favoring the adsorption 

of EBT owing to the protonation of hydroxyl groups and sulfonic groups of EBT, which can 

involve the strengthening of the forces of attraction among the negative charge of the 

component and the positive charge of the adsorbent surface. 

On the other hand, in an alkaline medium, the adsorbent surface is negatively charged 

and should repel the anionic EBT molecules. Hence, the maximum adsorption capacity was 

achieved at a lower pH value. Similar results were found by Barka et al. [33] to remove EBT 

by Scolymus hispanicus L. Zubair et al. [34] also reported the highest elimination of EBT dye 

through calcined LDH adsorbent, which was found to be an acidic pH of 2. 
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Figure 7. Effect of initial pH on the adsorption of EBT by Ni-Al-LDH: C0 = 20 mg/L, m = 1 g/L, contact time 

= 120 min, temperature = 25 °C. 

3.2.4. Adsorption kinetic modeling. 

To understand the exact dynamics mechanism of the behavior of EBT adsorption 

process, pseudo-first-order and pseudo-second-order [35] kinetic models were applied to fit the 

experimental data. The non-linear forms of these two models are represented by Eq.4 and Eq.5, 

respectively: 

qt= qe (1=𝑒−𝑘1.𝑡)       (4) 

qt=
𝑘2.𝑞𝑒2.𝑡

1+𝑘2.𝑞𝑒.𝑡
        (5) 

where k1 and k2 are the pseudo-first-order, and pseudo-second-order kinetic constants, and qe 

and qt (mg/g) are the adsorption capacity of EBT at equilibrium and at a time t (min), 

respectively. The presentation of both models is shown in Fig. 8, and the parameter values of 

each model were calculated and grouped in Table 1. 

As shown in Fig. 8, the adsorption rate within the first 20 minutes is rapid and associated 

with external surface adsorption. Similar results have been reported for the adsorption of 

methyl orange by magnetic Ni-Fe LDH [36]. Furthermore, the obtained data show that the 

pseudo-first-order kinetic model exhibits a very good correlation. This observation was 

confirmed by the kinetic parameters presented in Table 1.  

 
Figure 8. Adsorption kinetics of EBT by Ni-Al-LDH: C0 = 20 mg/L, R = 1 g/L, temperature = 25 °C, pH = 5.8. 

Indeed, the comparison of the value of the adsorption capacity obtained experimentally 

(qexp) and those calculated from pseudo-first-order and pseudo-second-order allowed us to 
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note that qe calculated by pseudo-first-order was closer to the experimental qexp value 

compared to qe calculated by a pseudo-second-order, which confirms the adequacy of the 

pseudo-first-order. In addition, the high correlation coefficient (R2) indicates that the pseudo-

first-order model is the most efficient, describing the adsorption kinetics of EBT compared to 

the pseudo-second-order. This confirms that the pseudo-first-order best fits the experimental 

data than the pseudo-second-order model. Therefore, it can be deduced that the adsorption 

process of EBT on the surface of LDH would be physisorption, whose adsorption mechanism 

is often governed by the diffusion phenomenon. 

Table 1. Kinetic model constants for EBT adsorption Ni-Al-LDH. 

  Pseudo-first-order Pseudo-second-order 

qexp (mg/g) qe (mg/g) K1 (1/min) R2 qe (mg/g) K2 (g/mg.min) R2 

19.95 19.88 0.0681 0.999 22.23 0.0044 0.993 

3.2.5. Adsorption isotherms modelling. 

Adsorption isotherms provide information on affinity, adsorption mode (monolayer or 

multilayer adsorption), and adsorption capacity. The adsorption isotherm of EBT on Ni-Al-

LDH is illustrated in Fig. 9. As shown in the figure, the amount of dye adsorbed increases 

rapidly with solution concentration and then attenuates to reach a plateau corresponding to 

saturation of the adsorption sites and reflecting monolayer adsorption. According to the Giles 

adsorption isotherm classification [37], the isotherm is of type L showing a high affinity 

between the dye molecule and the Ni-Al-LDH surface [38]. The adsorption equilibrium data 

were modeled by using two most commonly used adsorption isotherm models: Langmuir and 

Freundlich. Langmuir isotherm involves homogenous adsorption with equal energy of the 

entire active adsorption sites [39]. Freundlich isotherm is applicable to heterogeneous surfaces 

[40]. The non-linear equations of Langmuir and Freundlich models are respectively described 

by the following equations: 

qe = 
𝐾𝐿.𝑞𝑚.𝐶𝑒

1+𝐾𝐿.𝐶𝑒
        (6) 

qe = KF.𝐶𝑒1/𝑛        (7) 

where qe(mg/g) represents the quantity of EBT adsorbed at equilibrium, Ce(mg/L) is the 

equilibrium concentration of dye. KL, KF, and n are the constants of Langmuir and Freundlich 

isotherm models, and qm(mg/g) is the Langmuir maximum adsorption capacity.  

 
Figure 9. Adsorption isotherms of EBT on Ni-Al-LDH: R = 1g/L, contact time = 120min, pH = 5.8, 

temperature = 20°C. 
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The parameters characterizing both isotherm models are summarized in Table 2. It can 

be seen from the Table that the Langmuir isotherm has the largest maximum adsorption 

capacity. Moreover, it has the highest correlation coefficient value (0.948) compared to the 

Freundlich isotherm (0.892). This result indicates that the adsorption of EBT correlated well 

with the Langmuir model, suggesting that the adsorption sites on the surface are energetically 

homogeneous and that the adsorption takes place in a monolayer. 

Table 2. Langmuir and Freundlich isotherm constants for the adsorption of EBT on Ni-Al-LDH. 

Langmuir constants Freundlich constants 

qm (mg/g) KL (L/mg) R2 KF (mg1-1/n g-1 L1/n) n R2 

37.71 0.043 0.948 5.474 2.613 0.892 

3.2.6. Adsorption thermodynamics. 

The adsorption process is mostly affected by the variation in temperature. Adsorption 

experiments were performed at four temperatures (298, 303, 313, and 323 K). The 

thermodynamic parameters such as standard free energy (∆G°) (kJ/mol), standard entropy 

(∆S°) (J/K.mol), and standard enthalpy (∆H°) (kJ/mol) were calculated using the following 

equations: 

Kd = 
qe

Ce
          (8) 

∆G° = -RTln(Kd)         (9) 

ln(Kd )= −
∆G°

RT
 = −

∆H°

RT
+

∆S°

R
        (10) 

where R is the universal gas constant, Kd is a thermodynamic equilibrium constant, and T (K) 

is the absolute solution temperature. The enthalpy (ΔH°) and entropy (ΔS°) of adsorption were 

calculated from the slope and intercept of the linear curve of ln(Kd) vs. 1/T, respectively.  

The effect of temperature variation on the removal efficiency of EBT is illustrated in 

Fig. 10. The plot indicates that the adsorption of EBT decreases with the increase in 

temperature; as a result, the removal efficiency decreased from 99.7 to 86.1 % when the 

temperature was increased from 20 to 50°C.  

 
Figure 10. Evolution of EBT adsorbed by Ni-Al-LDH with temperature: C0= 20 mg/L, R= 1 g/L, contact time 

= 120 min. 
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As presented in Table 3, the negative values of ∆G° at all temperatures indicated the 

adsorption of EBT on Ni-Al-LDH is spontaneous and thermodynamically feasible. In addition, 

ΔH° parameter was found to be negative, suggesting that the EBT adsorption is exothermic, 

which leads to a decrease in the adsorption ability with an increase in temperature. This is in 

agreement with an increase in ∆G° with increasing temperature. The negative values of ∆S° 

correspond to the greater order of reaction in the system at the solid/solute interface during the 

adsorption process of EBT on Ni-Al-LDH [41]. 

Table 3. Thermodynamic parameters of the adsorption of EBT by Ni-Al-LDH. 

T (K) Kd ΔG° (KJ/mol) ΔH° (KJ/mol) ΔS° (J/K.mol) 

298 415.67 -14.94   

303 20.91 -7.66 -111.34 -332.42 

313 11.24 -6.30   

323 7.16 -5.29   

3.2.7. Regeneration cycle. 

To explore the sustainability, reusability, and cost-effectiveness of Ni-Al-LDH 

adsorbent, recycle studies were performed. Desorption of EBT was conducted by using three 

desorption agents (NaOH, HNO3, and H2O). 1 g of exhausted adsorbent was treated with 

various desorption agents and agitated for 2 h, then washed with DI water to remove impurities, 

and it was dried at 100°C. The effect of the desorption agent was examined, and the obtained 

results are shown in Fig. 11. It can be observed from the obtained graphs that EBT desorption 

is considerably different for each desorption agent. The high removal efficiency was reached 

by using an H2O-like desorption agent. It achieves 81.8, 68.6, and 41.45 % after three cycles 

for H2O, NaOH, and HNO3, respectively. This can be explained by the high solubility of EBT 

molecules in water. In addition, the reduction of adsorption yield percentage of adsorbent was 

observed after each successive cycle, which can be due to the weight loss in the adsorbent. 

 
Figure 11. Regeneration cycles for Ni-Al-LDH adsorbent. 

 

3.2.8. Adsorption mechanism. 

The adsorption mechanism was further evaluated by FTIR analysis of the adsorbent 

after EBT adsorption. Fig. 12 shows that after adsorption of EBT on Ni-Al-LDH, the 

characteristic band in the range 3200 and 3600 cm-1 corresponds to hydroxyl groups changed 

compared to the un-adsorbed LDH spectrum. Similarly, the intensity band characteristic of the 
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interlayer CO3
2− anion at around 1600 cm-1 is lowered in Ni-Al-LDH after EBT adsorption. 

The appearance of a large band around 1440.73 cm-1 corresponds to carbonate functional group 

stretching. Similar behavior was also reported after adsorption of EBT dye on steel slag surface 

[42]. This result suggests that the significant decrease of the intensity bands corresponds to 

hydroxyl groups and the CO3
2− associated with the high affinity and strong interaction between 

EBT molecules and Ni-Al-LDH surface. Owing to the acidic medium of the reaction, the 

adsorbent acquires a more positively charged surface, allowing easy adsorption of the EBT 

through electrostatic attraction, which is presented as an anionic form in the acidic aqueous 

solution. The high removal efficiency may also be attributed to the anion exchange between 

EBT anionic dye and interlayer anion in LDH structure. The detailed mechanism is presented 

in Fig. 13. 

 
Figure 12. FTIR spectra of Ni-Al-LDH loaded EBT. 

 
Figure 13. Adsorption mechanism of anionic EBT dye onto Ni-Al-CO3. 

4. Conclusions 

In summary, Ni-Al-CO3 layered double hydroxides with a molar ratio of 2 have been 

successfully synthesized through the co-precipitation route. The sample was characterized 

using techniques such as XRD, FTIR, and SEM/EDX. The experimental results of the 

https://doi.org/10.33263/BRIAC133.265
https://biointerfaceresearch.com/
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adsorption of EBT dye on Ni-Al-LDH surface exhibit a high removal efficiency. In addition, 

the adsorption reaction of EBT on the adsorbent surface is exothermic, and the adsorption 

isotherm was best fitted with the Langmuir model. The corresponding adsorbent exhibits 

excellent adsorptive performance, achieving 99.7 % removal efficiency of 20 mg/L of EBT 

solution with an adsorbent dose of 1 g/L. The high adsorption yield of EBT molecules was 

attributed to the specifiable LDH materials properties leading to the elimination of the dye from 

the aqueous solution. Moreover, the recycling tests suggest much high stability and reusability 

of the adsorbent. This work could provide a promising adsorbent based on LDH, which has 

potential for its application in environmental remediation. 
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