
 

 

Iranian Journal of Chemistry and Chemical Engineering (IJCCE) 

Cellulose-supported Ni/Al Layered Double Hydroxide (LDH) 

as Unique Adsorbents for Malachite Green Dye Removal 

in Aqueous Solutions 

 

Alfan Wijaya; Zaqiya Artha Zahara; Patimah Mega Syah Bahar Nur Siregar; Nur Ahmad; Amri Amri  

Research Centre of Inorganic Materials and Complexes, Graduate School, Universitas Sriwijaya, South 

Sumatera, INDONESIA 

 

Neza Rahayu Palapa  

Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Sriwijaya, South 

Sumatera, INDONESIA 

 

Risfidian Mohadi, Aldes Lesbani*+ 

Research Centre of Inorganic Materials and Complexes, Universitas Sriwijaya, South Sumatera, INDONESIA 

Master Program of Material Science, Graduate School, South Sumatera, INDONESIA 

 

 
*Corresponding author email: aldeslesbani@pps.unsri.ac.id 

 

ABSTRACT: Ni/Al-cellulose composites were successfully synthesized using the co-precipitation method. X-ray 

Diffraction (XRD), Fourier Transform infrared spectroscopy (FT-IR), Scanning Electron Microscope (SEM), and 

Brunauer-Emmett-Teller (BET) were used to characterize the structure of materials. Ni/Al-cellulose was applied 

to the malachite green dye (MG) adsorption process to study adsorption and reusability performance. The surface 

area of Ni/Al material after composting with cellulose increased, from 3.288 to 5.096 m2/g. The optimum pH for 

MG was pH 7 and pH PZC > pH optimum. The equilibrium contact time is 150 minutes. The MG adsorption 

process in this experiment follows the Langmuir isotherm and pseudo second order kinetic models. The adsorption 

process occurs through physisorption and chemisorption (physicochemical process) based on kinetic data, 

isotherm data, ΔG value, pH optimum ≠ pH PZC, and FT-IR results of adsorbent after MG adsorption. Ni/Al-

cellulose has adsorption capacity and percent removal of 107.527 mg/g (71%). Reusability studies show that 

Ni/Al-cellulose is more effective for reusable in the adsorption process of MG until the sixth cycle, with an 

adsorption capacity of 54%. Thus, the synthesized NiAl/cellulose composites could be potentially used as an 

efficient adsorbent for MG adsorption in wastewater. 

KEYWORDS: Cellulose, Modified LDH, Co-precipitation method, Adsorption, Malachite green, Reusability 

performance 
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INTRODUCTION 

The rapid development of the textile industry in Indonesia not only provides benefits but also harms the 

environment [1]. This is because in its production the textile industry always produces waste, namely dye waste 

[2]. The waste produced from the dye is an organic substance that is complicated to degrade [3], resistant [4], and 

toxic [5]. This dye waste when discharged into the waters will cause environmental pollution. One of the dyes 

found in the textile industry is malachite green (MG) [6].  MG is a cationic dye with a dark green color that is 

frequently used in the textile industry and the form of a crystalline solid. The chemical structure, physical, and 

chemical characteristics of the MG dye are shown in Fig. 1 and Table 1. 

 

Fig. 1: Chemical structure of MG  

 

Table 1. The physical and chemical characteristics of the MG [7] 

Molecular weight 364.91 g/mol 

Melting point 164°C 

Complexity 516 

Max absorption 616.9 nm 

Color/form 
Green crystals with metallic 

luster 

Solubility 
Soluble in water, ethanol, 

methanol, amyl alcohol 

MG is often used in the production of ceramics and textiles, biocides in the aquaculture industry and to 

treat fungal and bacterial infections of fish skin because of its very high disinfection efficiency. Additionally, MG 

is utilized as a food additive, medicinal disinfectant, food coloring agent, and dye in the paper, silk, wool, hemp, 

cotton, leather, and acrylic industries so that it affects the immune and reproductive system, genotoxic and 

carcinogenic [3]; [8-9]. Several methods can be used to solve the dye waste problem, including coagulation [10], 

electrochemical degradation [11], photodegradation [12], and adsorption methods [13]. An alternative and 

effective method of dye removal is using adsorption. The adsorption method is the most profitable because the 

process is simple, has high adsorption effectiveness and capacity, is selective, has low operational costs, and does 

not provide side effects in the form of toxic substances [14-16]. Various kinds of adsorbents can be used in the 

adsorption process, such as zeolite [17], clay [18], cellulose [19], and layered double hydroxide (LDH) [20]. Due 

to its vast variety, controlled layer spacing, and excellent adsorption capacity, LDH is one of the layered materials 

as a new and popular adsorption material in dye removal [21]. Zn-Fe LDH, which has an adsorption capacity of 

71.74 mg/g, was found to be effective at removing MG from an aqueous solution, according to research by 



 

 

Mammoud et al [22]. Cu/Al LDH, which has an adsorption capacity of 55.86 mg/g, can be utilized as an adsorbent 

in the process of removing MG, according to Palapa et al [23]. Since LDH's structure is easily broken, it cannot 

be reusable in the adsorption process, the use of LDH as an adsorbent directly in the process of eliminating dye 

waste in the water is still less effective. It can cause new problems because it results in the emergence of adsorbent 

waste that has been used, so it is necessary to modify the LDH using a supporting material to obtain a reusable 

adsorbent (reusability). Research conducted by Brahma et al [24] reported that modified CoAl-LDH with Coconut 

Husk Ash Fabricated shows 3 cycles of reusability performances on MG dye removal with an adsorption 

percentage of 60.3% in the third cycle.  This proves that LDH modification with carbon-based materials will 

improve adsorption ability and reusability performance. 

This research aims to improve the ability of modified materials on the adsorption of organic pollutants, 

namely MG dye. In this study, a modification process was carried out on LDH using a support material in the 

form of cellulose to obtain a material that can be used repeatedly in the adsorption process. This modified material 

will be a unique adsorbent with high reusability and adsorption performance and it will be a novelty and excellence 

in this research. The materials were synthesized using the coprecipitation method. The coprecipitation method has 

advantages including simple, quick preparation, and the temperature used is relatively low so it is energy efficient. 

The synthesized materials were characterized using X-ray Diffraction (XRD), Fourier Transform infrared 

spectroscopy (FT-IR), Scanning Electron Microscope (SEM), and Brunauer-Emmett-Teller (BET) to verify the 

success of the material preparation. Afterward, the synthesized materials were applied as an adsorbent during the 

MG dye adsorption process. Variations in time, concentration, and temperature were used throughout the 

adsorption process, and the adsorbent's ability to be reused for eight cycles was also studied. 

EXPERIMENTAL SECTION 

Chemical and Instrumentation 

In this study, the chemicals used were Ni(NO3)2.6H2O by Merck, Al(NO3)3.9H2O by Sigma Aldrich, 

cellulose by Merck, and distilled water by Bratachem Inc., HCl by Merck, NaOH by Sigma Aldrich, Na2CO3 by 

EMSURE® ACS, and MG dye. The XRD analysis of the Rigaku Miniflex-6000, the FTIR analysis of the 

Shimadzu Prestige-21, and the SEM analysis of the SU 8000 series were used to characterize the materials. and 

the Determination of absorbance from the filtrate used UV-Vis spectrophotometer Biobase BK-UV 1800 PC. 

Synthesis Ni/Al  

The coprecipitation method was used to synthesize LDH (Ni/Al). A total of 50 mL of 2 M NaOH was 

mixed with 100 mL of 0.3 M Na2CO3 solution. The mixture was dripped with 100 mL of 0.25 M Al(NO3)3.9H2O 

solution, 100 mL of 0.75 Ni(NO3)2.6H2O solution, and adjust the pH of the solution was to 10 using NaOH 2 M. 

At 80°C, the mixture was stirred for 17 hours. The precipitate was washed, dried in a 100°C oven for 24 hours, 

and then filtered. XRD, FT-IR, SEM, and BET were used to characterize the synthesized materials. 

Preparation of Ni/Al-cellulose 

30 mL of 0.25 M Ni(NO3)2.6H2O and 30 mL of 0.75 M Al(NO3).9H2O were put into a beaker glass. The 

mixture was adjusted to pH up to 10 using 2 M NaOH, and then 3 g of cellulose was added after the mixture had 

been agitated for an hour. At 80°C, the mixture was stirred for 72 hours. The solids were filtered, cleaned, dried, 

and subjected to XRD, FT-IR, SEM, and BET characterization. 



 

 

pH point zero charge (PZC) Study 

In order to do a pH PZC, 20 mL of 0.1 M NaCl solution that had been adjusted to pH 2, 3, 4, 5, 6, 7, 8, 9, 

and 11 with 0.1 M NaOH and HCl solutions was added with 0.02 g of adsorbent. The liquid is filtered and the 

final pH is determined using a pH meter after 24 hours of stirring. The pH PZC of each drug was determined by 

calculating the connection between the initial pH and the final pH. 

Adsorption Experiment of MG 

Effect of Variation pH  

Variations of pH 2-10 were utilized to examine the effects of the solution's pH by adding NaOH 0.01 M 

and HCl 0.01 M. 0.015 grams of Ni/Al, cellulose, and Ni/Al-cellulose adsorbents were combined with 50 mg/L 

of malachite green, and the mixture was agitated for two hours. The filtrate's absorbance was then determined 

using a UV-Vis spectrophotometer at 617 nm. The adsorption capacity (qe) was determined following Equation 

(1). 

qe =
(C0-Ct) × V

w
     (1)  

where C0 is the initial concentration of MG (mg/L), Ct is the concentration of MG at time equilibrium (mg/L), V 

is the volume of MG (L), and w is the mass of adsorbents (g). 

Kinetic Study  

 15 mL of MG solution was put in 13 beaker glasses and added with 0.015 grams of adsorbents (Ni/Al, 

cellulose, and Ni/Al-cellulose). The solution was stirred with variations of time (5, 10, 20, 30, 40, 50, 60, 70, 90, 

120, 150, 180, and 200 minutes), and with the use of a UV-Vis spectrophotometer, the absorbance value of the 

filtrate is measured at each time.  

Effect of Concentration and Temperature 

The effect of malachite green concentration on the adsorbent was studied by varying the concentration 

(30, 35, 40, 45, 50, 70, 90, 110, 130 mg/L). 15 mL of malachite green solution was added with 0.015 grams of 

adsorbent (Ni/Al, cellulose, Ni/Al-cellulose) and stirred for 150 minutes at temperatures (30, 40, 50, 60, 70°C). 

After the stirring was completed, with the use of a UV-Vis spectrophotometer, the filtrate's absorbance value was 

measured. 

Reusability Performance 

The reusability process was carried out with 20 mL of malachite green at 100 mg/L by adding 0.02 gram 

of adsorbent (Ni/Al, cellulose, Ni/Al-cellulose) and the mixture was stirred for 150 minutes. After the stirring 

process was completed, with the use of a UV-Vis spectrophotometer, the filtrate's absorbance value was measured.  

20 mL of distilled water was added after the remaining adsorbent had dried, and then desorbed with ultrasonic 

equipment. The remaining desorption adsorbent was dried for use in the next adsorption process up to eight times. 

 

 

 

 

 



 

 

RESULTS AND DISCUSSION 

Characterization of Adsorbent 

XRD Analysis 

The results of the XRD analysis of each adsorbent are shown in Fig. 2. Fig. 2(a) shows the diffractogram 

pattern of Ni/Al, the peaks appearing at an angle of 2 = 11.57°(003), 22.91°(006), 35.04°(012), 39.73°(015), and 

61.9°(110). Normah et al., [25] said that the diffraction peaks of Ni/Al are at angles of 11.63°(003), 23°(006), and 

61.59°(110), according to JCPDS data No.40-0216. The diffraction peaks of cellulose appeared at angles of 

15.19°(110) and 22.67°(006), as shown in Fig. 2(b). Research conducted by Ishak et al., [26] confirmed that the 

diffraction angles for cellulose were 16°, 22°, and 35° following JCPDS data No. 00-056-1718. The diffractogram 

of Ni/Al-cellulose can be seen in Fig. 2(c). In the Fig. 2(c) shows the diffraction angles at 11.65°(003), 

22.85°(006), 29.397°(009), 35.10°(012), and 61.1°(110). According to research by Allou et al [27], the diffraction 

angle was 11.40° with the planes (003), (006), (009), (110), and (113). 

 
Fig. 2: XRD diffractogram of Ni/Al (a), cellulose (b), Ni/Al-cellulose (c) 

 

FT-IR Analysis 

The results of the FTIR analysis of the Ni/Al, cellulose, and Ni/Al-cellulose adsorbents are shown in Fig. 

3. Fig. 3(a) is the result of FTIR analysis of Ni/Al which shows a wide vibration at a wavenumber of 3502 cm-1 

which indicates the presence of O-H groups in water molecules. The O-H bending vibration has the wavenumber 

1635 cm-1. The wavenumber in the 1381 region indicates the NO3
- anion group. M-O (metal groups) are present, 

as shown by the wavenumber 740-347 cm-1. Research conducted by Normah et al., 2021 [25] shows that the 

spectrum of Ni/Al appears at wavenumbers 3464, 1635, 1381, and 748 cm-1. 



 

 

 
Fig. 3: FT-IR spectrum of Ni/Al (a), cellulose (b), Ni/Al-cellulose (c) 

The cellulose FT-IR spectra was presented in Fig. 3(b). A broadened vibration at wave number 3363 cm-1 

indicates the presence of groups O-H [28]. C-H group is present, as indicated by the wavenumber of 2900 cm-1. 

The wavenumber of 1057 cm-1 indicates the presence of a C-O group. The results of research conducted by Jia et 

al [29] show the results of the FT-IR spectrum for cellulose at a wavenumber of 3390 cm-1 for the O-H group. The 

C-H group is found at the wavenumber 2905 cm-1. The wavenumber of 1059 cm-1 is found in the C-O group. 

The Ni/Al-cellulose spectrum in Fig. 3(c) shows that The presence of O-H groups can be seen in the FTIR 

spectra at a wavenumber of 3425 cm-1. O-H bending vibrations are shown by the wavenumber at 1635 cm-1. The 

wavenumber of 1381 cm-1 indicates the presence of the NO3
- anion group from LDH. The C-H group is found at 

the wavenumber 2900 cm-1. The C-O group was found at a wavenumber of 1056 cm-1 which was derived from 

cellulose. The M-O group can be seen at the wavenumber 748-563 cm-1. 

BET Analysis 

 

The results of the BET analysis can be seen in Fig. 4 and Table 2. Based on the data in Fig. 4, the BET 

isotherm type follows type IV with the presence of hysteresis phenomena that indicate the presence of non-

uniform material pores and according to Table 1, the surface area of the Ni/Al material increased after being 

composted with cellulose, from 3.288 to 5.096 m2/g. This proves that the process of modifying Ni/Al material 

with cellulose forming Ni/Al-cellulose can increase the surface area of the material. The material in this study is 

included in the mesoporous material. Mesoporous materilas have pores that range in size from 2 to 50 nm, 

according to IUPAC. These mesoporous materials have a unique structure that provides a large surface area and 

high pore volume, thus making them attractive for various applications, such as adsorption. 

 



 

 

 
Fig. 4: N2 adsorption-desorption properties of the Ni/Al (a) and Ni/Al-cellulose (b) 

 
Table 2: BET surface area, pore size, and pore volume of Ni/Al and Ni/Al-cellulose 

 

Adsorbents Surface Area 

(m2/g) 

Pore Size 

(nm) 

Pore Volume 

(cm2/g) 

Ni/Al 3.288 19.102 0.007 

Ni/Al-cellulose 5.096 16.833 0.004 

 

SEM Analysis 

SEM analysis aims to determine a material's morphology, topography, shape, and size. Fig. 5 shows the 

results of the analysis of each adsorbent using SEM. Fig. 5(a) shows the morphology of Ni/Al with a magnification 

of 10 μm, having a rough surface with a large flat plate shape but not larger than Ni/Al-cellulose. Fig. 5(b) shows 

the results of the SEM analysis, confirming that the morphology of the Ni/Al-cellulose composite with a 

magnification of 50 μm has an irregular shape and the aggregate is larger than that of Ni/Al. 

 
Fig. 5: SEM analysis of Ni/Al (a) and Ni/Al-cellulose (b) 

Adsorption Study of MG 

Effect of Variation pH  

Fig. 6 shows how each adsorbent's pH has an influence. The MG adsorption process uses Ni/Al, cellulose, 

and Ni/Al-cellulose adsorbents with an optimum pH of 7. At acidic pH conditions, many H+ ions will cause a 



 

 

repulsive force between the adsorbent and the MG dye which is categorized as a cationic dye, so it can cause the 

adsorption process to be not optimal. Deprotonation and electrostatic or tensile force between the negatively 

charged surface and the positively charged MG occurs under alkaline pH conditions. This is because at alkaline 

pH there is an excess of OH- ions and a change in the structure of the MG dye occurs [30]. therefore, the MG 

adsorption process is more effectively carried out at pH 7 which at that pH is the normal pH of MG. 

 
Fig. 6: Effect of variation pH MG on Ni/Al, cellulose, and Ni/Al-cellulose (Experimental conditions: pH= 2-10; time= 

120 minutes; adsorbent mass= 0.015 g; dye solution volume: 15 mL; concentration= 50 mg/L) 

 

To identify the adsorption mechanism that occurred, pH PZC was performed. The pH PZC of Ni/Al, 

cellulose, and Ni/Al-cellulose (in Fig. 7) were pH 9.26, 9.05, and 9.47. In theory, the adsorbent surface will be 

positively charged if the adsorbent's pH value is below pH PZC, and negatively charged if the adsorbent's pH 

value is above pH PZC. Cationic dyes that are positively charged are more suitable above pH PZC. However, this 

research resulted in an optimum pH of MG adsorption of 7 (below pH PZC), so it is assumed that other interactions 

occur. According to Ahmad et al., [13] physisorption and chemisorption occur at pH optimum ≠ pH PZC.  

 
Fig. 7: pH point zero charges (PZC) of Ni/Al, cellulose, and Ni/Al-cellulose 



 

 

 

The hydrogen interaction and π-π interaction are assumed to occur when the MG adsorption process with 

adsorbents. The FTIR spectrum after adsorption can prove the mechanism of adsorption, as shown in Fig. 8. The 

sharper peak intensities at 3441 and 1620 cm-1 indicate the typical absorption of O-H bonds from the adsorbent 

with MG, in addition, there is a shift in wavenumbers indicating chemical interactions that occur in the adsorption 

process. Fig. 9 shows the schematic illustration of the mechanism of MG.  

 
Fig. 8: FTIR of Ni/Al (a), cellulose (b), and Ni/Al-cellulose (c) after MG adsorption 

 
Fig. 9: Schematic illustration of the adsorption mechanism of MG 

 

Kinetic Study  

Fig. 10 shows the results of the effect of the contact time between the adsorbate and the adsorbent. 

Based on Fig. 10, the amount of MG on Ni/Al, cellulose, and Ni/Al-cellulose increased with the increasing contact 

time until equilibrium was reached. In the early minutes, the adsorption of MG occurs rapidly, then it takes longer 

to reach equilibrium at 150 minutes. The presence of an insignificant increase in the amount of MG adsorbed on 



 

 

Ni/Al, cellulose, and Ni/Al-cellulose is an indication that equilibrium has been reached. In this study, three 

adsorption kinetic parameters were fitted to the experimental data; pseudo first order, pseudo second order, and 

intraparticle diffusion. The equation for pseudo first order, pseudo second order, and intraparticle diffusion are 

defined in Equations (2), (3), and (4), respectively [13]. 

log (qe – qt) = log qe - (
𝑘1

2,303
)t              (2) 

t

qt
= 

1

k2q
e
2
+

1

q
e
 
 t               (3) 

qt = kdiff t0.5  (4)  

where qe is the adsorption capacity at equilibrium (mg/g), qt is the adsorption capacity at time t (mg/g),  t 

is contact time (min), k1 is equilibrium rate constant for the pseudo first order model (min-1), k2 is equilibrium 

rate constant for the pseudo second order model (g/mg.min), and kdiff is the intraparticle diffusion constant 

(mg/g.min-1/2). 

In Table 3, it is shown that the adsorption kinetics of Ni/Al, cellulose, and Ni/Al-cellulose generally follow 

the pseudo second order kinetic model rather than the pseudo first order, and intraparticle diffusion with the linear 

regression value (R2), which is closer to 1, and the similarity between the experimental qe value and the calculated 

qe [17]. According to this concept, chemisorption is how adsorption takes place, and the adsorption rate is 

dependent on adsorption capacity rather than adsorbate concentration. 

 

 

Fig. 10: Effect of contact time adsorption of MG on the adsorbent Ni/Al (a), cellulose (b), and Ni/Al-cellulose (c) 

(Experimental conditions: pH= 7; time= 5-210 minutes; adsorbent mass= 0.015 g; dye solution volume: 15 mL; 

concentration= 50 mg/L) 

 

 

 



 

 

Table 3. Kinetic parameters of Ni/Al, cellulose, and Ni/Al-cellulose 

 

Effect of Concentration and Temperature (Isotherm and Thermodynamic Studies) 

Fig. 11 shows that as concentration and temperature were increased for the Ni/Al, cellulose, and Ni/Al-

cellulose adsorbents, the amount of adsorbed MG also increased significantly. The adsorption isotherm can be 

used to study changes in the adsorbate concentration during the adsorption process. The Langmuir and Freundlich 

type adsorption isotherm is the most commonly used type [31]. Plotting the Langmuir and Freundlich adsorption 

isotherm equations into a straight-line equilibrium curve, where the equilibrium model depends on a linear 

regression value (R2) close to 1, was done to identify the adsorption isotherm parameter [32]. The mechanism of 

adsorption in adsorbents towards adsorbates can be identified using this form of adsorption isotherm. Bonds 

between the molecules of the adsorbate and the adsorbent surface form through physisorption and chemisorption 

in solid-liquid phase adsorption, which typically follows the Langmuir and Freundlich types of adsorption 

isotherms [33-34]. In addition, the Temkin isotherm model was fitted to experimental data in this work. This 

model of adsorption isotherms applies only to the intermediate concentration range. The Temkin isotherm model 

ignores very high and low concentration values while considering the interaction between adsorbents and 

adsorbate [35]. The linear equation of Langmuir, Freundlich, and Temkin isotherm models are expressed by 

Equations (5), (6), and (7), respectively [34-35]. 

Ce

qe

 = 
Ce

Qmax

 + 
1

QmaxKL
             (5) 

Log qe = log KF + 1/n log Ce                    (6) 

qe = 
RT

bT
 ln Kt + 

RT

bT
 ln Ce (7) 

where Ce is the concentration of the dye solution at the equilibrium (mg/L), qe is the adsorption capacity at the 

equilibrium (mg/g), Qmax is the maximum adsorption capacity (mg/g), 1/n is the empirical parameter associated 

with surface heterogeneity, KL is the adsorption constant of the Langmuir model (L/g), KF is the adsorption 

constant of the Freundlich model (mg/g (L/g)-1/n), where Kt is the equilibrium binding constant (L/g), b is the heat 

of adsorption (J/mol), R is the gas constant (8.314 J/K/ mol), and T is the temperature in Kelvin. 

Adsorbents 
qeexperiment 

(mg/g) 

Pseudo first order Pseudo second order 
Intraparticle 

diffusion 

qeCalc 

(mg/g) 
R2 k1 

qeCalc 

(mg/g) 
R2 k2 kdiff R2 

Ni/Al 40.669 53.186 0.921 0.026 50 0.980 0.0004 2.980 0.976 

Cellulose 33.938 36.551 0.940 0.021 42.553 0.971 0.0004 2.540 0.970 

Ni/Al-

cellulose 
45.706 52.905 0.942 0.024 53.476 0.980 0.0005 3.176 0.975 



 

 

 

 
Fig. 11: Effect of concentration and temperature adsorption of MG onto Ni/Al (a), cellulose (b), and Ni/Al-cellulose (c) 

(Experimental conditions: pH= 7; time= 150 minutes; adsorbent mass= 0.015 g; dye solution volume: 15 mL; 

concentration= 30, 35, 40, 45, 50, 70, 90, 110, 130 mg/L; temperature= 303, 313, 323, 333, and 343K) 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 4. Adsorption isotherms of MG dye on Ni/Al, cellulose, and Ni/Al-cellulose (Temperature= 343K) 

Adsorbents 
Adsorption 

Isotherm 
Constants 

Ni/Al 

Langmuir Qmax (mg/g) 104.167 

 kL (L/mg) 0.106 

 R2 0.966 

Freundlich n 2.101 

 kF (mg/g) (L/mg)1/n 14.949 

 R2 0.851 

Temkin KT (L/mg) 0.717 

 bT (J/mol) 24.612 

 R2 0.936 

Cellulose 

Langmuir Qmax (mg/g) 100 

 kL (L/mg) 0.070 

 R2 0.927 

Freundlich n 2.049 

 kF (mg/g) (L/mg)1/n 12.832 

 R2 0.792 

Temkin KT (L/mg) 0.064 

 bT (J/mol) 46.073 

 R2 0.977 

Ni/Al- 

cellulose 

Langmuir Qmax (mg/g) 107.527 

 kL (L/mg) 0.102 

 R2 0.964 

Freundlich n 2.162 

 kF (mg/g) (L/mg)1/n 17.314 

 R2 0.841 

Temkin KT (L/mg) 0.894 

 bT (J/mol) 24.988 

 R2 0.927 

 

The pattern of the MG adsorption isotherm by each adsorbent used can be identified using Table 4. 

According to Table 4, the adsorption isotherm of MG was best fitted by the Langmuir model rather than the 

Freundlich and Temkin models. The Langmuir model exhibited the highest R2 values. This indicates that a 

homogenous adsorbent surface and a monolayer of adsorbed MG are formed. The Langmuir isotherm model is 

based on the formation of an adsorbate monolayer layer with a homogeneous adsorbent surface, and the Langmuir 

isotherm indicates a chemisorption adsorption process [9].  

Based on the isotherm data, the concentration increase is inversely correlated to the adsorption capacity. 

With increased concentration, the ability of MG for adsorption increased. Additionally, Table 4 indicates that 



 

 

Ni/Al-cellulose has a higher maximum adsorption capacity than Ni/Al and cellulose, with values of 107.527 mg/g, 

104.167 mg/g, and 100 mg/g and percent removal of 71%, 69.8%, and 66.6%, respectively. 

Table 5. Thermodynamic parameters onto Ni/Al, cellulose, and  Ni/Al-cellulose 

Adsorbents T (K) Qe (mg/g) ∆H (kJ/mol) ∆S (J/mol K) ∆G (kJ/mol) 

 

 

Ni/Al 

303 81.750 

7.124 0.028 

-1.280 

313 83.750 -1.557 

323 86.375 -1.834 

333 89.125 -2.112 

343 91.063 -2.389 

 

 

Cellulose 

303 75.800 

8.246 0.030 

-0.812 

313 78.675 -1.111 

323 81.613 -1.410 

333 85.488 -1.709 

343 86.925 -2.008 

 

 

Ni/Al-

cellulose 

303 85.738 

5.129 0.022 

-1.654 

313 88.050 -1.878 

323 89.425 -2.102 

333 90.988 -2.325 

343 92.613 -2.549 

 

The thermodynamic parameters of enthalpy data (∆H), entropy value (∆S), and Gibbs free energy (∆G) 

[36] were evaluated using the information on the effect of temperature on the adsorption of MG using Ni/Al, 

cellulose, and Ni/Al-cellulose. The thermodynamic parameters were expressed by Equations (8) and (9). 

ln 
qe

Ce
= 

∆S

R
-

∆H

RT
  (8) 

ΔG  =  ΔH - T ΔS  (9) 

where T is the temperature (in Kelvin), R is the gas constant (8.314 J/K/ mol), ΔH is the enthalpy (kJ/mol), ΔS is 

the entropy (J mol/K), and  ΔG is  Gibbs free energy (kJ/mol). 

Thermodynamic parameter data for Ni/Al, cellulose, and Ni/Al-cellulose are shown in Table 5. Enthalpy's 

positive value in Table 4 shows that the adsorption process is endothermic. Chemical reactions, an increase in the 

reactivity of adsorbent surface sites, and the diffusion of adsorbate ion particles into the adsorbent's pores can all 

result in endothermic properties [37]. In addition, the enthalpy value for MG adsorption on all materials is lower 

than 40 kJ/mol indicating the adsorption process occurs in physisorption [38], while the ΔG value is in the range 

of 0 to -20 kJ.mol-1 which indicates the presence of physical adsorption [39]. However, the isotherm data follows 

the Langmuir isotherm model where the adsorption process occurs chemisorption [9] and the pH test shows a 

difference in the optimum pH and pH PZC, proving that both physisorption and chemisorption happen 

(physicochemical process) [13]. Each adsorbent has a low entropy value (ΔS), which indicates that there is a small 

degree of irregularity in the adsorption process. Positive ΔS values indicate a more random organization of the 

adsorbate at the solid or solution interface, while negative values indicate the opposite fact [39].  To determine the 



 

 

spontaneity of the reaction, the Gibbs free energy of a system indicates a change in the entropy of the entire 

system. Gibbs-free energy is negative, which means that the adsorption process occurs spontaneously [33]. Table 

6 shows the adsorption capacity of MG with various adsorbents. It is proven from the table that the adsorbents 

used in this study have advantages over other adsorbents in terms of their adsorption ability. 

Table 6. The adsorption capacity of MG with other adsorbents 

Adsorbents 
Adsorption Capacity 

(mg/g) 
References 

Rice Husks 6.5 [40] 

Ficus cartia 51.79 [41] 

Acid-activated carbon 32.787 [33] 

Musa balbisiana Colla 8.066 [42] 

Nutraceutical Industrial Pterocarpus 

Marsupiumspent 
45 [43] 

Lignin 31.2 [44] 

Activated 

Carbon from Snail Shell 
1.754 [45] 

Charred Wheat Bran 8.29 [46] 

natural red clay 84.75 [47] 

Fly Ash 2.23 [48] 

Mangan Oxide-assisted in Biochar 79.365 [49] 

Mesoporous Pyrophanite- MnTiO3/TiO2 

Nanoparticles 
11.764 [50] 

Ni/Al 104.167 This Research 

Cellulose 100 This Research 

Ni/Al-cellulose 107.527 This Research 

Reusability Performance 

Fig. 12 shows the results of the reusability of Ni/Al, cellulose, and Ni/Al-cellulose adsorbents. Fig. 12 

indicates that Ni/Al-cellulose has a higher percentage of adsorption than Ni/Al and cellulose. With a 49% 

adsorption capacity in the third cycle, there was a significant decline in adsorption in Ni/Al. This was caused by 

the exfoliated Ni/Al so it was less stable and ineffective in the absorption of MG in the fourth, fifth, sixth, seventh, 

and eighth cycles. With an adsorption capacity of 38%, cellulose adsorbent showed a sharp decline in the 

percentage of adsorbed in the third cycle, causing the adsorption ineffective in cycles four through eight. With a 

capacity of 54%, the Ni/Al-cellulose demonstrated efficient adsorption up to the sixth cycle. This demonstrates 

that compared to Ni/Al and cellulose, Ni/Al-cellulose has better structural stability. 



 

 

 

Fig. 12: Reusability of MG on Ni/Al, cellulose, and Ni/Al-cellulose 

CONCLUSIONS 

The preparation of Ni/Al-cellulose was successful with the co-precipitation method. The MG adsorption 

capacity for Ni/Al-cellulose showed a result of 107.527 mg/g. A reusability study revealed that Ni/Al-cellulose 

has a high reusability of up to six cycles with an adsorption capacity of 54%. MG adsorption process in this study 

follows the Langmuir Isotherm and pseudo second order kinetic model. In this study, the adsorption process occurs 

through physisorption and chemisorption (physicochemical process) as evidenced by the kinetic data, isotherm 

data, ΔG value, pH optimum ≠ pH PZC, and FT-IR results which show a shift in wave numbers and changes in 

peak intensity on the adsorbent after the adsorption process. 
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