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Abstract 

Continuous modifications of Layered Double Hydroxides (LDH) materials are essential to enhance their structural 

stability and improve their capacity for pollutant adsorption, addressing the need for more effective remediation 

strategies in environmental applications. This research study has proposed the preparation of CuAl-LDH supported 

filamentous macroalgae of Spirogyra sp. (CuAl-LDH/SA) via coprecipitation and hydrothermal methods. The prepared 

CuAl-LDH/SA composites were investigated for the adsorption of direct yellow 12 (DY) and remazol red (RR) dyes in 

batch mode experiments. The structure and morphology of the prepared CuAl-LDH/SA were identified by X-ray 

Diffraction (XRD), Fourier Transform Infra Red (FT-IR), (Brunauer-Emmett-Teller) BET surface area, 

Thermogravimetry / Differential Thermal Analyzer (TG/DTA), and Scanning Electron Microscope (SEM). For the 

adsorption process, the effects of initial pH, contact time, initial concentration, temperature, adsorption selectivity, and 

adsorbent regeneration, as well as kinetics, isotherms, and thermodynamics were studied. The adsorption selectivity 

test resulted in the RR dye being more selective compared to DY. The maximum capacities for RR adsorption were 

72.464 mg/g (pH = 2, 150 min, 303 K). CuAl-LDH/SA can be regenerated for 4 cycles with a percent removal of 29.32%. 

The adsorption process followed the intraparticle diffusion kinetics model and Langmuir isotherm. Thermodynamic 

studies showed that the adsorption of RR using CuAl-LDH/SA was endothermic and spontaneous. The results of this 

study indicate that CuAl-LDH/SA composite material shows potential material in the removal of anionic dyes from 

aqueous solutions.  
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1. Introduction  

Concerns over environmental pollution are 

increasing along with industrial development. 

Water pollution is a significant threat to human 

* Corresponding Author. 

   Email: aldeslesbani@pps.unsri.ac.id (A. Lesbani) 

health, as it is one of the main contributors to 

environmental degradation. Water pollution 

affects various aspects of our ecosystem, including 

soil, air, and water quality. Water pollution has 

become a significant global issue in recent times, 

causing serious damage to aquatic ecosystems and 
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jeopardizing human health and progress. 

Research shows that water-soluble dye pollution 

is a major complex contaminant found in aquatic 

environments [1,2]. Effluent discharged from 

industries such as textiles, cosmetics, and dyeing 

can have detrimental effects. The treatment of 

dyeing effluent has become a pressing concern, 

given the potential harm it poses to human 

health. Dyes can be categorised into three types 

based on their charges: cationic dyes, anionic dyes, 

and amphoteric ionic dyes [3]. There are 

numerous techniques available for the 

elimination of dyes, such as membrane separation 

[4], coagulation-flocculation [5,6],  photocatalytic 

[7,8], adsorption [9,10], etc. Adsorption is 

considered a highly effective technique for 

remediation of water pollutants. It offers easy 

operation, low cost, absence of toxic by-products, 

and recyclability, making it a promising option 

[3,11,12]. 

Currently, there are many materials used in 

the adsorption process of dye wastewater 

treatment, such as rice husk, montmorillonite, 

hydrochar, humic acid, chitosan, lignin, magnetic 

material, and layered double hydroxide, etc. 

[3,13–16]. Layered double hydroxide (LDH) is a 

fascinating 2D layered material that shares 

similarities with hydrotalcite. In terms of 

structure, LDH closely resembles brucite. It is 

composed of metal cations arranged in octahedral 

layers, with hydroxides serving as ligands along 

the edges. LDH is composed of metal hydroxides 

with positive charges, which are arranged in 

layers with anions serving as charge balancers. 

These anions can include nitrate, carbonate, 

sulfate, chloride, and more [17,18]. Based on the 

literature, LDH has been widely used in dye 

removal processes due to its outstanding ion 

exchange and adsorption capabilities. However, 

LDH has the disadvantage of poor structural 

stability, which makes the reuse efficiency of the 

material unfavorable. Therefore, it is imperative 

to modify LDH materials by compositing them 

using support materials [10,19,20].  

Previous research has successfully modified 

NiAl-LDH using supporting materials in the form 

of cellulose, resulting in a surface area of 5.096 

m2/g and can be used repeatedly for 6 cycles with 

a percent removal of malachite green dye of 54% 

[9]. Modification of CuAl/LDH has been carried 

out with biochar from rice husk for malachite 

green dye removal and produced an adsorbent 

that can be reused three times with a percent 

removal of 72% [21]. Based on Han et al. [22] and 

Normah et al. [23] research, CuAl-LDH 

composited with carbon-based materials produces 

chemically stable LDH composites. Therefore, the 

development of LDH materials continues to be 

carried out to obtain materials that have high 

structural stability. 

Algae species, both macroalgae and 

microalgae, have garnered significant attention as 

a highly researched biomass worldwide. This is 

primarily due to their numerous advantages over 

terrestrial biomass. In recent years, macroalgae 

have been used as adsorbents to remove 

contaminants from aqueous solutions [24,25]. 

Macroalgae is a green and renewable resource. 

Spirogyra sp. is one kind of filamentous green 

macroalgae, which is widely found in surface 

water and waterlogged soil. Several studies have 

shown that Spirogyra sp. can remove 

contaminants in water [26]. Other studies have 

shown the success of Spirogyra sp. algae used as a 

support material for heavy metal ion removal 

applications [27]. Therefore, Spirogyra sp. algae is 

suitable for use as a supporting material in LDH 

material modification to improve the ability of 

composite materials. Several methods have been 

reported for the preparation of LDH composite 

materials with carbon-based materials. The most 

frequently used preparation method is 

coprecipitation. Several types of LDHs and the 

resulting composites, or hybrids, have been 

prepared using this technique for various 

applications.  Although this procedure is rather 

simple, it can be difficult to achieve well-

structured LDHs. So, an assistive method is 

needed for the successful synthesis of the 

material. Hydrothermal synthesis has been 

shown to improve material crystallization and can 

produce well-organized LDH sheets [28]. 

This study modified CuAl-LDH with 

filamentous macroalgae of Spirogyra species via 

coprecipitation and hydrothermal for efficient 

adsorption of DY and RR dyes. The composites 

were characterized by XRD, FT-IR, BET surface 

area, TG/DTA, and SEM . Adsorption experiments 

were conducted with DY and RR dye solutions, in 

which the effects of pH, kinetics, isotherms, and 

thermodynamic parameters were evaluated. In 

addition, the adsorption selectivity and 

regeneration of the adsorbent were also 

investigated. 

 

2. Materials and Methods 

2.1  Chemicals and Characterizations 

Filamentous macroalgae of Spirogyra species 

collected from swamp waters in South Sumatra, 

Indonesia. Copper nitrate (Cu(NO3)2⋅3H2O), 

aluminum nitrate (Al(NO3)3⋅9H2O), sodium 

hydroxide (NaOH), and sodium chloride (NaCl) 

were purchased from Merck. Distilled water was 

obtained from PT. Brataco, Indonesia. 

Hydrochloric acid (HCl) was manufactured by 

MallinckrodtAR®.  The dyes used in this study are 

direct yellow 12 (DY) and remazol red (RR). 

Material characterization in this study 

includes X-ray diffractometer (Rigaku Miniflex-
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6000), Fourier Transform Infra-Red Spectroscopy 

(Shimadzu Prestige-21), Brunaur-Emmett-Teller 

(BET) surface area method (Quantrachrome), and 

Thermogravimetry Differential Thermal 

Analysis. The XRD pattern was recorded from 3°-

80°, The FT-IR spectra were measured 

throughout a wavenumber range from 4000-400 

cm-1, TG/DTA analysis was recorded from room 

temperature to 900 °C, the specific surface area 

and porosity of the samples were measured by N2 

adsorption-desorption isotherm, the surface area 

was calculated based on BET method, and 

morphological analysis of materials using Quanta 

650 SEM-EDS apparatus. The material’s pHpzc 

was determined using a 0.1 M NaCl solution, with 

initial pH values adjusted from 2 to 11. Samples 

were shaken for 12 hours, followed by 

measurement of final pH, and a correlation graph 

between initial and final pH values was plotted. 

 

2.2  Preparation of CuAl-LDH/SA Composite 

The synthesis of CuAl-LDH followed the 

method reported by Normah et al. [23]. 

Modification of CuAl-LDH using coprecipitation 

and hydrothermal methods, where CuAl-LDH is 

in the gel phase and Spirogyra algae are in the 

solid/powder phase. The Spirogyra algae were 

washed with water and dried in an oven at 80 °C. 

Following that, the material was finely ground 

and then passed through a sieve with a mesh size 

of 100. A powder was created from Spirogyra 

algae. The preparation of CuAl-LDH/SA begins by 

mixing the two solutions containing 30 mL 

Cu(NO3)2⋅3H2O 0.75 M and 30 mL Al(NO3)3⋅9H2O 

0.25 M in a beaker. The mixture was then 

adjusted to pH = 10 by gradually adding 2 M 

NaOH solution. Then, the mixture was stirred for 

30 minutes at 80 °C for 15 minutes. Spirogyra 

algae powder was prepared and put 3 g into the 

mixture and stirred for 15 min. The mixture was 

put into a hydrothermal device and oven at 105 °C 

for 5 hours. Then, the mixture was vacuum 

filtered and dried in an oven at 80 °C, followed by 

grinding and sieved with a 100 mesh sieve.  CuAl-

LDH/SA composite materials have been 

fabricated. 

 

2.3  Adsorption, Selectivity, and Regeneration 

Studies 

Adsorption studies were conducted to 

examine the impact of various factors on the 

adsorption process using a batch adsorption 

system. These factors included pH, temperature, 

contact time, and initial concentration of the 

substances.  Adsorption selectivity was performed 

by mixing the two dyes and performing the 

adsorption process with the aim of seeing which 

dye was more selective. The adsorbent 

regeneration process in this study was carried out 

for 5 cycles to test the structural stability and 

ability of the adsorbent to reuse in the adsorption 

process. 

In each experiment, the concentration of dye 

solution used was 50 mg/L with 0.02 g adsorbent 

weight.  The solution was mixed using a shaker at 

120 rpm. Subsequently, the solution was analyzed 

using a UV-Vis spectrophotometer, specifically at 

a wavelength of 515 nm (RR) and 414 nm (DY). 

This study explored the pH range of 2-11 by 

adjusting the pH of the solution with 0.1 M HCl 

and 0.1 M NaOH solutions. A study of the effects 

of various initial concentrations and temperatures 

on the adsorption process was conducted with 

concentrations varying from 60-100 mg/L, while 

temperatures ranged from 303-323K.  

The adsorbent regeneration study began with the 

adsorption process by first incorporating 0.02 g of 

adsorbent into 20 mL of dye solution. Afterward, 

the mixture was stirred using a shaker, followed 

by filtration to separate the solution from the 

adsorbent. The adsorbent was then desorbed by 

adding 20 mL of distilled water and assisted with 

ultrasonic equipment. The adsorbent was dried in 

an oven at 80 °C and then used in the next 

adsorption cycle until the fifth cycle. 

 

3. Results and Discussion  

3.1  Material Characterizations 

XRD analysis was conducted to assess the 

crystalline structure of materials. Figure 1(a) 

shows the crystallization characteristics of SA, 

CuAl-LDH, and CuAl-LDH/SA samples. As seen 

from the XRD pattern, the pure state of SA 

material shows a characteristic peak at an angle 

of 23.6° and reveals that the structure was weakly 

crystalline or amorphous. It is a characteristic of 

carbon-based natural materials [29]. Additional 

peaks of pure SA are seen in the 25-40° range, 

mainly associated with compound minerals, 

especially silica and weddellite [30]. The sharp 

and symmetric peaks indicate the crystalline 

nature of the sample. The LDH samples exhibited 

characteristic peaks at 2θ = 32.9°, 35.7°, 39.1°, 

48.3°, 66.4°, and 68.4° of the hydrotalcite of CuAl-

LDH, indicating that CuAl-LDH has been 

successfully synthesized. The same peak was 

observed in the CuAl-LDH/SA composite, and the 

carbon peak appeared at 23.4°, which proved that 

SA was effectively composited on the LDH 

structure. The characteristics of the composite 

material were consistent with those of CuAl-LDH, 

but the peak decreased. This is due to the 

composition process with amorphous materials 

that results in uneven crystallinity of the 

material, which reduces the crystallinity of the 

composite [31]. 

FTIR analysis is predominantly used for 

functional group materials. The FT-IR spectrum 

of SA shows a broad absorption peak in the 3400 

cm-1 region indicating O-H stretching vibrations 
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that form intermolecular hydrogen bonds. The 

absorption peaks observed in the range of 3200-

3000 cm-1 suggest the existence of unsaturated C-

H stretching vibrations associated with the 

aromatic ring structure. The absorption peaks 

associated with the stretching vibrations of the 

aromatic ring and C=C olefin are observed at 1600 

cm-1 and 1450 cm-1, respectively. The pronounced 

absorption peak observed at 1000 cm-1 

corresponds to the stretching vibrations 

associated with O-containing functional groups, 

specifically C–O–C, C–O, and Si–O [24]. The 

analysis indicates that SA possesses a diverse 

array of functional groups. The peak observed in 

CuAl-LDH at 3420 cm-1 shows characteristic 

stretching and bending vibrations associated with 

-OH groups and water molecules, both adsorbed 

and between the layers of adsorbent material. The 

peaks observed at 1640 and 400-1000 cm-1 for 

CuAl-LDH are associated with C-C, and M-O 

stretching vibrations in aromatic hydrocarbons 

(M = Cu and Al) [31]. The prominent peak 

observed at 1030-1 cm is attributed to C-O bond 

stretching vibrations.  The absorption band at 

1380 cm-1 indicates the nitrate (NO3) molecules in 

the LDH material [17]. The FTIR spectrum of 

CuAl-LDH/SA composite shows the same 

absorption peak as CuAl-LDH, but at 1040 cm-1 

and 1380-1 there is an increase in absorption 

intensity. This could indicate an increase in the 

number of functional groups in the composite 

material accompanied by the formation of 

chemical bonds due to the composition of the two 

materials. This showed that the process of 

modifying CuAl-LDH material with SA to form 

composites has been successfully carried out. 

BET analysis is used to investigate the 

specific surface area and pore size distribution of 

solid materials [32]. The results of the BET 

analysis are shown in Figure 2(a). In this study, 

the determination of surface area and pore size of 

CuAl-LDH/SA composite was carried out by N2 

adsorption-desorption isotherm. According to the 

results, the BET surface area, pore volume, and 

pore diameter were found to be 1.07 m2/g, 0.054 

cm3/g, and 457.61 nm, respectively. The isotherm 

curve exhibited characteristics of type IV, 

displaying a distinct hysteresis loop. The 

hysteresis curve of these materials resembles that 

of type H3. The H3 type hysteresis loop, as 

classified by IUPAC, arises from slit-shaped pores 

formed by the aggregation of plate-like particles 

[21]. 

The thermal decomposition of CuAl-LDH/SA 

shown in Figure 2(b) can be divided into three 

main stages. The first stage occurred in a region 

characterised by relatively low temperatures 

(below 200 °C) and exhibited minimal mass loss, 

owing to the evaporation of moisture adsorbed on 

the outer surface of the materials and the water 

molecules existing in Cu/Al-LDH interlayer 

channels or the pores of SA. The weight loss was 

Figure 1. X-ray diffraction patterns (a) and spectrum FT-IR (b) of SA, CuAl-LDH, and CuAl-LDH/SA 

composite 
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3.05%. Stage II occurs between 200-500 °C with a 

weight loss of 10.03%, caused by the 

dehydroxylation of LDH and the release of volatile 

substances by the interlayer NO3- anion. The 

third stage, from 500 to 1000 °C, was attributed to 

the decomposition of CuAl-LDH/SA composite 

with a weight loss of 22.54% [33]. The 

decomposition profile indicates the ability of the 

composite to withstand varying temperatures, 

reflecting its overall stability. The different stages 

of weight loss demonstrate the structural 

integrity of the composite. Minimal loss at Stage I 

indicates effective moisture retention, while 

weight loss at Stage II confirms the successful 

incorporation of anions between layers. TG/DTA 

analysis in this study validated the successful 

preparation of the composite and confirmed its 

thermal stability. 

Figure 2(c) displays a scanning electron 

microscopy (SEM) image of the CuAl-LDH/SA 

composite material, revealing a rough, irregular 

surface morphology characterized by aggregates 

of varying sizes and shapes. This surface 

structure, consistent with findings from other 

studies [9,34,35], is likely attributed to the 

interaction between CuAl-LDH and SA on the 

composite's surface. The porous, functional group-

rich SA particles adhering to the CuAl-LDH 

matrix introduce additional binding sites, 

enhancing the material's dye adsorption capacity. 

This functionalization contributes to a more 

heterogeneous and accessible surface, which 

promotes stronger interactions with dye 

molecules and may significantly improve the 

overall adsorption efficiency. This unique surface 

morphology may contribute to an improved 

adsorption performance by facilitating dye 

molecule interaction across a larger, 

heterogeneous surface area. 

The pH point of zero charge (pHpzc) for the 

CuAl-LDH/SA composite was found to be 6.4, as 

derived from the average of the final pH values 

measured across an initial pH range of 2 to 11 

(refer to Figure 2(d)). Solutions with pH above pH 

pzc have an unfavorable effect on the adsorption 

process, as anionic dyes are preferentially 

adsorbed by positive charges on the material 

surface [36]. This can be confirmed in the effect of 

pH on the anionic dye adsorption process in this 

study. The material’s pHpzc at 6.4 indicates that, 

at pH values below this level, the surface of the 

adsorbent becomes positively charged, enhancing 

Figure 2. BET analysis (a), TG/DTA curve (b), SEM image (c), and pHpzc (d) of CuAl-LDH/SA composite 
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electrostatic attraction with anionic dyes. This 

aligns with the finding that dye adsorption is 

optimal at acidic pH (pH = 2) in Figure 3(a), where 

the increased positive surface charge significantly 

promotes interaction with the negatively charged 

dye molecules, thus improving adsorption 

efficiency. 

 

3.2  Effect of pH on Adsorption Process and 

Adsorption Selectivity 

The effect of pH on the adsorption of DY and 

RR is shown in Figure 3(a). It can be seen that the 

removal efficiency of both dyes gradually 

decreased as the pH value increased. Adsorption 

occurred optimally at pH = 2. The presence of a 

positive surface charge in the CuAl-LDH/SA 

composite at lower pH levels facilitated the 

effective adsorption of negatively charged anionic 

dyes. The reduction in surface charge as pH 

values increased resulted in diminished 

electrostatic attraction and heightened 

electrostatic repulsion between the CuAl-LDH/SA 

composite and negatively charged dyes, 

ultimately leading to a decrease in adsorption 

efficiency. Furthermore, an abundance of OH– 

ions in aqueous solutions engaged in competition 

with anionic dye molecules. Consequently, the 

electrostatic interactions were significant in the 

adsorption process [37]. 

The effect of pH certainly also influences the 

selectivity of the adsorption process of the dye 

mixture DY and RR using the CuAl-LDH/SA 

composite. Figure 3(b) shows the adsorption 

process of the dye mixture without pH 

adjustment, which results in a relatively low 

removal percentage; however, it can be observed 

that RR is more selective compared to DY, with 

removal percentages of 9.3% and 1.7%, 

respectively. When the pH of the dye mixture DY 

and RR is adjusted to 2, the removal percentages 

of both dyes increase to 33.33% (RR) and 32.6% 

(DY), as shown in Figure 3(c). Although there is 

an increase in the removal percentages of both, 

RR achieves a higher removal percentage. Thus, 

RR is more selective than DY in the adsorption 

process using the CuAl-LDH/SA composite. RR 

shows higher adsorption selectivity due to its 

reactive dye structure, which forms stronger 

interactions with adsorbents through hydrogen 

bonding and electrostatic forces, especially via its 

multiple sulfonic acid groups. Its size and 

structure also allow better fit within adsorbent 

Figure 3. Effect of pH on adsorption of DY and RR (a), scan wavelength on adsorption selectivity of DY and 

RR mixture, without pH adjustment (b), and pH = 2 (c) using CuAl-LDH/SA composite 
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pores, enhancing selectivity compared to the 

simpler structure of DY. 

 

3.3  Adsorption Study 

3.3.1  The Adsorption Kinetic 

The effect of contact time on the adsorption of 

RR using CuAl-LDH/SA composite is shown in 

Figure 4(a). The adsorption capacity increased 

with increasing contact time and was not 

significant at more than 120 minutes. The 

optimum contact time in the adsorption process of 

RR occurred at 150 min. To analyze the adsorption 

behavior of RR from aqueous solution using CuAl-

LDH/SA composites in this study, pseudo-first-

order (PFO), pseudo-second-order (PSO), and 

intraparticle diffusion were investigated. 

Kinetic fittings using the PFO, PSO, and 

intraparticle diffusion models are presented in 

Figure 4(b,c,d). The R2 value for intraparticle 

diffusion is higher than the PFO and PSO kinetic 

models. This indicates that the adsorption process 

follows the intraparticle diffusion kinetic model. 

This tendency to follow the intraparticle diffusion 

kinetics model indicates that the physical 

characteristics of CuAl-LDH/SA composites, such 

as pore size and distribution are the main factors 

affecting the adsorption efficiency and rate. In 

addition, when the adsorption process follows the 

intraparticle diffusion kinetics model, it is more 

likely to exhibit physisorption [38,39]. 

 

3.3.2  Adsorption Isotherm and Thermodynamics 

The adsorption isotherm was investigated 

through a series of adsorption experiments, which 

were conducted with varying initial dye 

concentrations over a duration of 120 minutes. 

The adsorption isotherm data were obtained at 

four distinct temperatures, ranging from 30 to 60 

°C. The adsorption data were subjected to analysis 

through two widely recognised adsorption 

isotherm models, specifically the Langmuir and 

Freundlich models. The Langmuir and Freundlich 

isotherm model data are presented in Table 1. The 

adsorption process of both dyes showed that the 

Langmuir isotherm model fits the experimental 

data better than the Freundlich model, confirmed 

by the higher correlation coefficient (R2) value of 

the Langmuir isotherm model. This finding 

confirmed the monolayer adsorption on the 

surface [21].  

The adsorption capacity of RR using CuAl-

LDH/SA composite reached 72.464 mg/g (303 K). 

Several adsorbents for DY and RR adsorption 

conducted by researchers are presented in Table 

2. The adsorption capacities of the present study 

are higher than those reported by several authors. 

Figure 4. Effect of contact time on the adsorption of RR using CuAl-LDH/SA composite (a), kinetic fitting using 

the pseudo-first-order model (b), pseudo-second-order model (c), and intraparticle diffusion model (d). 



 

 

 

Bulletin of Chemical Reaction Engineering & Catalysis, 19 (4), 2024, 567 

Copyright © 2024, ISSN 1978-2993 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials Adsorption Capacity (mg/g) References 

CuAl-LDH/SA 72.464 This work 

Black binary Ni-Co oxide nano-powder 45.25 [40] 

Anabaena sphaerica-Fe3O4  63.9 [41] 

Nanocrystalline FeNi alloy powder 80.97 [42] 

O-carboxymethyl chitosan-N-lauryl/γ-Fe2O3 

magnetic nanoparticles 

216 [43] 

Rice husk ash 11.83 [44] 

Pumice powder 38.9 [45] 

T (K) 
∆H 

(kJ/mol) 

∆S  

(J/mol.K) 

∆G 

(kJ/mol) 

303 

9.144 0.029 

0.206 

313 -0.089 

323 -0.384 

333 -0.679 

T (K) 
Qmax Langmuir Freundlich 

 (mg/g) R2 R2 

303 72.464 0.883 0.854 

313 65.359 0.938 0.872 

323 64.103 0.972 0.906 

333 65.789 0.982 0.927 

Therefore, it can be concluded that the prepared 

CuAl/BC shows great potential as an adsorbent 

for DY and RR dyes. 

The thermodynamic parameter data are 

tabulated in Table 3. The adsorption of RR 

exhibited positive values for both ΔH and ΔS 

calculations, suggesting that the adsorption 

process is characterized by an endothermic nature 

and an enhanced degree of randomness in the 

adsorption operation. RR adsorption results 

showed negative values of Gibbs free energy (ΔG) 

at all temperatures, indicating that the 

adsorption process was spontaneous. The 

adsorption results for RR indicate that the Gibbs 

free energy (ΔG) becomes progressively more 

negative with increasing temperature, signifying 

that the adsorption process is increasingly 

spontaneous at higher temperatures. This 

indicates that the adsorption process occurs 

naturally at higher temperatures. The enthalpy 

values for RR adsorption are <40 kJ/mol and ΔG 

values are in the range of 0 to -20 kJ/mol 

indicating the adsorption process occurs by 

physisorption [9]. Thus, the adsorption 

mechanism that occurs between CuAl-LDH/SA 

and the dye includes surface interaction and pore 

filling. 

 

3.4  Adsorbent Regeneration Study 

Regeneration provides significant benefits, 

including the prolongation of the adsorbent's 

operational lifespan, decreased operational 

expenses linked to the new adsorbents, 

diminished necessity for ongoing production of 

adsorbents, and mitigated effects related to the 

manufacturing and disposal of increased 

quantities of adsorbent materials. Furthermore, 

adsorption that is based on regeneration 

underscores the importance of resource utilization 

and the minimization of waste. Considering these 

advantages, it is crucial to develop and implement 

effective regeneration methods [46,47]. The 

desorption method employed in this study, using 

distilled water with ultrasonic assistance, 

prioritizes environmental sustainability over 

maximum desorption efficiency. While it is known 

that organic or inorganic reagents could enhance 

desorption by breaking down dye-adsorbent 

interactions more effectively, we have selected 

distilled water to avoid potential chemical waste 

and environmental harm. Ultrasonic equipment 

aids this process by disrupting physical 

interactions and facilitating dye release without 

introducing additional chemicals. 

This study was conducted successfully 

utilizing the ultrasonic method. The regeneration 

ability of the CuAl-LDH/SA in the adsorption 

process of RR is shown in Figure 5. As the 

regeneration cycle increases, there is a decrease in 

the percent removal that is not so significant. 

Based on these results, it can be concluded that 

the CuAl-LDH/SA composite material can be 

regenerated for 4 cycles with a percent removal of 

RR of 29.32%. In the fifth cycle, the percent 

removal has decreased below 50% from the first 

cycle of regeneration. 

Table 1. Adsorption isotherm for RR adsorption 

using CuAl-LDH/SA composite 

Table 2. Previous studies in the literature report on RR adsorption 

Table 3. Thermodynamic parameters of RR 

adsorption (C0: 60 mg/L) using CuAl-LDH/SA 

composite. 
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3.5  Adsorption Mechanism of RR with CuAl-SA 

composite 

The mechanism of RR adsorption using CuAl-

SA composite was investigated through multiple 

experiments in this study, encompassing pH, 

kinetics, isotherm, and thermodynamics, 

complemented by material characterization 

conducted prior to and following the adsorption 

process. The kinetics, isotherms, and 

thermodynamics data indicate that the adsorption 

process takes place by physisorption and 

chemisorption, so there are physical and chemical 

interactions occurring between the material and 

the dye. The pH findings further indicate that the 

optimal performance for RR removal using 

CuAl/SA composites is achieved at pH levels below 

pHzpc, which can be discussed in this way. At pH 

levels below pHpzc, the -COOH, C-O-H, and C-O 

functional groups present on the materials 

acquire a positive charge due to electrostatic 

interactions with the positively charged RR 

molecules [48]. RR anionic dye has N and O atoms, 

which can form hydrogen bonds with H atoms in 

the structure of CuAl/SA composite. In addition, 

the C=C bond in the CuAl/SA composite can form 

-  interactions with the benzene ring in the RR 

dye structure [49]. Based on these studies, an 

illustration of the adsorption mechanism between 

CuAl/SA composites and RR dyes is shown in 

Figure 6. 

To confirm the adsorption mechanism, this 

study conducted FT-IR characterization of 

CuAl/SA composites before and after RR 

adsorption (Figure 7). The peak shifts and 

changes in intensity indicate that there are 

functional group interactions between RR and 

CuAl/SA composite materials. Identified 

functional groups such as O–H (3422 cm-1), C=C 

(1630 cm-1), C=O (1052 cm-1), and M–O (486 cm-1) 

participate in the adsorption process. The shift of 

the O-H peak can be attributed to the hydrogen 

bonding interactions that occur. The intensity 

change and peak shift at 1380 cm-1 identified that 

the interaction between the sulfonate group (-SO₃-

) on the dye and the nitrate group (NO₃-) on the 

CuAl/SA composite played an important role in 

the spectrum change, where the sulfonate anion 

replaced the nitrate anion in the interlayer so that 

ion exchange occurred. The wave number shift 

and intensity change around 1660 cm-1 indicate 

the interaction between C=C bonds (in aromatic 

structures or double bonds from dyes) and the 

surface of CuAl/SA composites, which can occur 

through -  stacking interactions or changes in 

C=C vibrations due to interaction with the 

material surface. So from this study it can be Figure 5. Effects of adsorbent regeneration on RR 

removal using CuAl-LDH/SA composite 

Figure 6. The illustration of mechanism adsorption on RR and CuAl-LDH/SA composite. 
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concluded that there are physical and chemical 

interactions that occur in the RR adsorption 

process including surface interactions, pore 

filling, electrostatic interactions, π-π interactions, 

ion exchange, and hydrogen bonding. 

This research mainly focused on the 

adsorption efficiency and selectivity of CuAl/SA 

composites for anionic dyes, specifically RR and 

DY, under controlled laboratory conditions. 

However, limitations include the lack of toxicity 

assessment for both the composite and the 

adsorbed dyes, as well as the absence of long-term 

stability tests under various environmental 

conditions. Future research should address these 

limitations by investigating the adsorption 

performance of the composites in complex 

wastewater matrices. In addition, exploring the 

regeneration capacity of the composite over 

multiple cycles will enhance its practical 

applicability in wastewater treatment. 

 

4. Conclusions 

The successfully prepared CuAl-LDH/SA 

composite material via coprecipitation and 

hydrothermal method produced maximum 

capacity with optimum conditions on RR 

adsorption of 72.464 mg/g (pH =  2, 150 min, 

303K). RR exhibits higher selectivity than DY in 

the adsorption process. The adsorption process 

followed the intraparticle diffusion kinetics model 

and Langmuir isotherm. Thermodynamic studies 

showed that the adsorption was endothermic and 

spontaneous. CuAl-LDH/SA composite material 

can be regenerated for 4 cycles with a percent 

removal of 29.32%. Adsorption that occurs 

includes physisorption and chemisorption.  Based 

on this study, the CuAl/SA composite material 

demonstrates significant potential for the removal 

of anionic dyes from aqueous media. 
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