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Abstract 

Given the need for simplified and efficient technologies to treat contaminated waters, this study explored Layered double 
hydroxide (LDH) as a low-cost alternative for removing Congo red dye (CR) from synthetic effluents through adsorption. 
The study investigated the influence of temperature, initial dye concentration, and LDH mass through a 2³ experimental 
design with a central point. The results indicated that the removal efficiency was significantly affected by the variables' 
mass and initial concentration. The Freundlich, Langmuir, and Sips isotherms were used to model the adsorption capacity 
as a function of the equilibrium concentration, and the Sips isotherm presented the best fit for the adsorption of Congo 
red for all temperatures studied. LDH proved efficient, reaching an adsorption capacity of 55.67 mg g-1, standing out as a 
potential adsorbent material. 
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1. Introduction 

The increase in industrial activities has resulted in 
the discharge of large quantities of highly 
contaminated wastewater [1]. Most of the pollutants 
are non-biodegradable, have a complex structure, 
and are chemically stable, which makes their 
removal by conventional treatment methods more 
difficult [2–3]. In this sense, the adsorption process 
has been considered an economically viable and 
highly effective approach due to its simple 
operation, low cost, and high efficiency [4]. LDH 
has recently been highlighted for its exceptional 
properties in mitigating environmental problems, 
especially in efficiently removing pollutants from 
wastewater. This is due to its unique structure of 
two-dimensional (2D) nanostructured anionic clays, 
which provide a high anion exchange and adsorption 
capacity [5]. Therefore, a Ni and Fe LDH was 
synthesized in this study to evaluate its efficiency in 
removing the CR dye. 

2. Methodology 

2.1 Synthesis 

Two solutions were prepared for the 
coprecipitation method. Solution A was an alkaline 
solution containing 8 g of sodium hydroxide and 
1.32 g of sodium carbonate in 100 mL of deionized 
water, stirred for 30 minutes. Solution B contained 
19.194 g of nickel nitrate and 13.332 g of iron 
nitrate in 20 mL of deionized water, which was 
stirred until the salts were fully dissolved. Solution 
A was then slowly added to Solution B while 
stirring at 1000 rpm for 8 hours, resulting in a brown 
paste. This paste was centrifuged and washed 
several times with deionized water, then dried in an 
oven at 65 °C for 24 hours. 

2.2 Characterization of HDL 

X-ray diffraction was performed using a 
Shimadzu XRD-6000 diffractometer equipped with 
a Ni filter and a CuKα radiation source (λ = 0.1542 
nm), with a voltage of 30 kV and a current of 30 
mA. Data were recorded in the 2θ range from 5° to 
80°. FTIR-ATR analyses were conducted using a 
Shimadzu FTIR PRESTIGE 21 spectrophotometer 
in the spectral range of 4000 cm⁻¹ to 400 cm⁻¹. The 
samples were examined under a scanning electron 



 
 

microscope (Tescan VEGA-3 LMU, Brno, 
Kohoutovice, Czech Republic). 

2.3 Adsorption studies 

A central point experimental design was used in 

the adsorption tests. The three independent 

variables studied at the lower and upper limits of the 

experimental range and the central point are 

presented in Table 1. 

Table 1. Codification, variables and levels 

analyzed in the experimental design. 

  Levels 

Cod. Variables -1 0 1 

M Masss (g) 0.1 0.2 0.3 

C Concentration (mg L-1) 20 35 50 

T Temperature 20 40 60 

 

The adsorption capacity (𝑞𝑡,𝑒) was defined as the 

response variable. The residual CR concentration 

was measured by spectrophotometric analysis. The 

amount of CR adsorbed at the equilibrium time was 

calculated using Equation 1. 

𝑞𝑡,𝑒 =    
(𝐶0 − 𝐶𝑡,𝑒). 𝑉

𝑀
 (1) 

where 𝐶0 and 𝐶𝑡,𝑒 are the initial and equilibrium CR 

concentrations at time 𝑡 or equilibrium (mg L-1), 

respectively; 𝑉 is the volume of the CR solution (L), 

and 𝑀 is the mass of the adsorbent in grams (g). 

2.3 Kinetic and equilibrium studies of adsorption 

The kinetic data were evaluated using three 

models: pseudo-first order, pseudo-second order, 

and Elovich. The equilibrium data were evaluated 

using Langmuir, Freundlich, and Sips isotherms. 

The equations used to fit the data are presented in 

Table 2. The evaluation and selection of the kinetic 

and equilibrium models that best describe the CR 

adsorption mechanism were based on the 

correlation coefficient (R2). 

3. Results 

3.1 Characterization 

X-ray diffraction analysis revealed (Fig. 1a) that 

the material presented intense peaks at 2θ values 

11.16º, 22.8º, 32.1º, 34.1º, 35.5º, 39º, 47.95º, 

59.86º, 61.3º which correspond to the basal planes 

of (003), (006), (101) (012), (009), (015), (018), 

(110) and (113). These peaks are characteristic of 

NiFe/LDH (JCPDS No. 49-188)  [6]. 

Table 2. Equations of kinetic models, isotherm, 

and thermodynamic parameters. 

Model 

Mathematical 

Expression Eq. 

Kinetic model   

Pseudo first order 𝑞𝑡 = 𝑞𝑒 (1 − 𝑒𝑘1.𝑡) 2 

Pseudo second order 
𝑞𝑡 =

𝑞𝑒
2𝑘2𝑡

1 + 𝑞𝑒𝑘2𝑡
 3 

Elovich 
𝑞𝑡 =

1

𝛽𝐸
ln(𝛼𝐸𝛽𝐸 + 𝑡) 4 

Isotherm model   

Langmuir 
𝑞𝑒 =

𝑞𝑚𝑎𝑥𝐾𝐿𝐶𝑒

1 + 𝐾𝐿𝐶𝑒
 5 

Freundlich 𝑞𝑒 = 𝐾𝐹𝐶𝑒
1 𝑛⁄

 6 

Sips 
𝑞𝑒 =

𝑞𝑚𝑎𝑥𝐾𝑆𝐶𝑒
𝑛𝑠

1 + 𝐾𝑆𝐶𝑒
𝑛𝑠

 7 

where  𝑞𝑒 and 𝑞𝑡 are the amount of dye adsorbed by 

adsorbent (mg g-1) at equilibrium and time 𝑡 (min), 

respectively; 𝑘1 and 𝑘2 are the pseudo-first-order (min-1) 

and pseudo-second-order (g mg-1 min-1) adsorption 

constant, respectively; 𝛼𝐸 (mg g−1 min−1) and 𝛽𝐸 are 

Elovich constants; 𝐶𝑒 is the concentration of dye at 

equilibrium (mg L-1); 𝑞𝑚𝑎𝑥 is the maximum adsorption 

capacity of the adsorbent (mg.g-1); 𝐾𝐿, 𝐾𝐹 and 𝐾𝑆 are 

Langmuir (L mg-1), Freundlich (mg g-1 (mg L-1)n), and 

Sips (L g-1) constants of their respective models of 

isotherms; 𝑛 is the dimensionless constant that represents 

the adsorption intensity; 𝑛𝑠 is the exponent of the Sips 

isotherm model. 

 

The FTIR spectra of the NiFe/LDH sample (Fig. 

1b) show a double peak in the range of 3800–3600 

cm-1, related to the O–H stretching vibrations of 

structural hydroxyl groups and adsorbed water, 

which may also be related to the M–O bond 

intercalated with water. In addition, there is a 

prominent peak in the 2366–2300 cm-1 range, 

leaving the stretching and angular deformation of 

the C–C bond. The band located in the range of 

1400–1300 cm-1 for NiFe/LDH corresponds to the 

C─O bonds of CO3
-2 present in the LDH interlayer. 

The bands in the 750–500 cm-1 range may represent 

metal-oxygen (M–O) stretching vibrations, 



 
 

bringing Fe–O and Ni–O bond vibrations in 

NiFe/LDH [7]. 

The morphologies of the material were 

investigated using scanning electron microscopy, 

as shown in Fig. 1c. The NiFe/LDH synthesized by 

coprecipitation exhibited heterogeneous particle 

sizes featuring stacked nanosheets [7]. 

 

 

Fig. 1. Characterization of LDH. (a) XDR; (b) 

FTIR; (c) SEM. 

3.2 Adsorption studies 

   The experimental values found for CR adsorption 

under the conditions provided by the experimental 

design show that the adsorption capacity, q, varied 

considerably. The lowest value of 𝑞, 0.8717 mg g-

1, was found at a temperature of 40oC, an initial 

contaminant concentration of 35 mg L-1, and a mass 

of 0.368 g. The highest value was reached at a 

temperature of 40 °C, an initial contaminant 

concentration of 35 mg L-1, and a mass of 0.032 g, 

with q equal to 21.7 mg g-1. The Pareto chart used 

to show the significant variables for response is 

provided in Fig. 2a.  

 

 

Fig. 2. (a) Pareto and (b) surface graphs. 

    The positive or negative effect of each factor on 

the response was marked on the graph as + or − 

signs, respectively. The graph shows that mass had 

significant linear and quadratic effects. The effect 

was linear in the negative direction. The effect of 

the initial CR concentration was also linearly 

significant in the positive direction. The synergistic 

effect of the mass and concentration interaction is 

presented in Fig. 2b. 

3.3 Adsorption kinetics 



 
 

Fig. 3a presents the kinetic fits of the 

experimental data. From the parameters obtained in 

these analyses, it was observed that the data best fit 

the Elovich model, which is often applied to 

adsorption systems where the adsorbent surface is 

heterogeneous, and the adsorption rate decreases 

with time due to surface coverage. In addition, the 

equilibrium data indicated a maximum adsorption 

capacity of 55.67 mg g-1. The equilibrium was 

represented by the Sips model, which combines 

features of the Langmuir and Freundlich models, 

being suitable for describing systems with 

heterogeneity of adsorption sites at high solutes Fig. 

3b [2]. 

 

Fig. 3. (a) Kinects and (b) isotherms of adsorption. 

4. Conclusion 

Based on the adsorption data obtained in this study, 

the material demonstrated excellent performance 

and is considered a promising adsorbent for 

removing pollutants such as Congo Red (CR) from 

aqueous effluents. Its efficiency and adsorption 

capacity highlight it as a viable option for future 

applications in contaminated water treatment. 
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