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A B S T R A C T   

In this investigation, MgAl-Charcoal activated was prepared and characterized using XRD, FTIR, BET, and SEM 
analyses. MgAl-Charcoal activated exhibited characteristic peaks at 2θ = 10.85◦ (003), 21.64◦ (002), 34.60◦

(015), and 60.65◦ (013). FTIR absorption spectra of MgAl-Charcoal activated typical absorption at 3448, 1635, 
1381, and 601 cm− 1. The surface areas of MgAl, charcoal activated, and MgAl-Charcoal activated were 8.963, 
757.845, and 1449.020 m2/g, respectively. The surface area of MgAl expanded 161 times after being combined 
with charcoal activated. The typical MgAl, charcoal activated, and MgAl-Charcoal activated surfaces are not 
uniform in size and shape. MgAl and MgAl-Charcoal activated absorb direct yellow more than methyl orange and 
direct green. The significant drop in direct yellow concentration suggested that the direct yellow structure was 
smaller than methyl orange and direct green. The correlation coefficient revealed that the adsorption of direct 
yellow followed the pseudo-second-order and Langmuir model. The maximum adsorption of direct yellow ca-
pabilities of MgAl, charcoal activated, and MgAl-Charcoal activated were 101.010 mg/g, 71.429 mg/g, and 
133.333 mg/g, respectively. In the fifth cycle, the regeneration efficiency of MgAl, charcoal activated, and MgAl- 
Charcoal activated decreased from 70.652 % to 29.762 %, 68.711 % to 37.785 %, and 92.003 % to 66.382 %, 
respectively. These findings show the effective regeneration of MgAl-Charcoal activated for adsorption of direct 
yellow.   

1. Introduction 

The release of colored effluent into recipient streams diminishes the 
aesthetic value of water and limits the penetration of sunlight into the 
water, hence diminishing its photosynthetic capabilities [1]. Colorants 
such as dyes are among the harmful substances discharged into the 
aquatic environment by many businesses, including the dye 
manufacturing, leather, and textile industries [2]. The presence of dyes 
and pigments substantially negatively impacts aquatic fauna and vege-
tation [3]. 

Direct yellow is classified as an azo dye and is utilized in various 
activities, including printing, coloring cellulosic fibers, and creating 
related combinations [4]. These direct dyes are anionic, water-soluble, 
and contain functional groups that react with a wide range of sub-
stances via the formation of covalent bonds, ion-exchange effect, and 
complexation effect [5]. Therefore, the treatment of industrial dye 

effluents requires practical and cost-effective methods. Dye wastewater 
has been treated using physicochemical methods such as photocatalytic, 
coagulation, biological anaerobic–aerobic, and adsorption processes 
[6]. Adsorption is one method for pre-concentrating pesticide residues 
from an aqueous medium onto a solid adsorbent material [7]. According 
to a report by Wang et al. [8], the adsorption capacity of bamboo 
charcoal for direct yellow is 2.401 mg/g. Campos et al. [9] discovered 
that MnS could absorb direct yellow at 58.3 mg/g. In addition, Azizi 
et al. [10] modified graphene oxide with adsorption capabilities of 
10.71 mg/g for direct yellow adsorption. Previous research only 
adsorbed direct yellow without a selective dye method, although 
authentic wastewater dyes are frequently a mixture of various dyes. For 
the efficient adsorption of pesticide residues, hydrocalumite, chitosan, 
humic acid, montmorillonite, and layered double hydroxide [11–14] 
have been reported. 

Layered double hydroxide (LDH) is formed from the clay mineral 
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brucite [15]. Positively charged divalent (M2+) and trivalent (M3+) ions 
contribute to the structure of LDH. In the brucite production of LDH, 
M2+ is replaced by M3+, giving the lamellae a positive charge [16,17]. 
This positive charge is neutralized by water and anions in the inter-
lamellar region, promoting lamellae accumulation and the formation of 
an LDH structure [18]. LDH have improved adsorption efficiency due to 
their exceptional anion exchange capacity and large surface area 
[19,20]. LDH has been used for oxidative desulfurization of dibenzo-
thiophene, heavy metals adsorption, and dye adsorption [21–23]. 
Nonetheless, the cycle stability and adsorption capacity of LDH-based 
adsorbents are inadequate [24]. Consequently, LDH was reacted with 
charcoal activated. 

Charcoal activated has been demonstrated to be an efficient and 
easily produced material [25]. By burning biomass, such as bamboo, 
coffee bean, coconut shells, and sugarcane, to a temperature of 
approximately 700 ◦C in the absence of oxygen, charcoal can be created 
[26]. Charcoal activated is the most adaptable adsorbent due to its 
various physical and chemical features, which include a large surface 
area with a porous structure, exceptional adsorption capacity, and a 
modifiable surface chemical composition [27,28]. Therefore, layered 
double hydroxide was modified with charcoal activated to facilitate the 

selective adsorption of dyes. In genuine dye wastewater, dyes are often a 
mixture of different dyes, depending on the manufacturing process [29]. 
Dyes adsorption was selective based on electrostatic interaction, size, 
hydrogen bonding, etc. 

In this investigation, MgAl-Charcoal activated was prepared and 
characterized using XRD, FTIR, BET, and SEM analyses. Determine the 
dye that is most readily absorbed using the dye’s selectivity. Mixing 
direct yellow, methyl orange, and direct green produced selectivity. The 
selective dye is followed by an adsorption process. The pH, kinetics, 
isotherm, thermodynamics, and adsorption process were explored as 
adsorption parameters. 

2. Material and method 

2.1. Materials and instrumentation 

The nonahydrate of aluminum nitrate (Al(NO3)3⋅9H2O) was ac-
quired from Sigma-Aldrich. The magnesium (II) nitrate hexahydrate (Mg 
(NO3)2⋅6H2O) and sodium hydroxide (NaOH) were supplied by 
EMSURE® ACS. The procurement of hydrogen chloride (HCl) from 
Mallinckrodt®. Charcoal activated was acquired from the Tokyo 
Chemical Industry. Distilled water was purchased from PT. Bratachem, 
Indonesia. UV–vis Spectrophotometer type Biobase BK-UV 1800 PC, 
Fourier Transfer Infra-Red (FTIR) type Shimadzu Prestige-21, X-ray 
Diffractometer (XRD) type Rigaku Miniflex-6000, N2 adsorp-
tion–desorption isotherms analysis type Quantachrome Touchwin 
v1.22, and Scanning Electron Microscope (SEM) type Quanta 650 were 
among the analytical instruments. 

2.2. Preparation of MgAl-Charcoal activated 

Synthesis LDH [30]: MgAl was produced by adding 30 mL of Mg 
(NO3)2⋅6H2O and 30 mL of Al(NO3)3⋅9H2O (at a molar ratio of 3:1) to 2 

Fig. 1. XRD diffractogram of adsorbents.  

Fig. 2. IR spectra of adsorbents.  

Fig. 3. N2 adsorption–desorption isotherms of adsorbents.  

Table 1 
BET results of adsorbents.  

Adsorbent Surface Area 
(m2/g) 

Pore Size (nm), 
BJH 

Pore Volume (cm3/ 
g), BJH 

MgAl  8.963  6.225  0.028 
Charcoal activated  757.845  2.006  0.760 
MgAl-Charcoal 

activated  
1449.020  1.892  1.409  
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M NaOH at pH 10 and stirring for 10 h at 355 K. Thereafter, 3 g of 
charcoal activated was added to the MgAl, stirred continuously at 300 
rpm for 72 h at 355 K, filtered, and dried. MgAl-Charcoal activated was 
obtained ∼ 7 g. 

2.4. Selective adsorption of anionic dyes 

The selective adsorption of anionic dyes was determined by exam-
ining their selectivity. Direct yellow (DY, C16H10N2Na2O7S2) CAS No. 
1325–37-7, methyl orange (MO, C14H14N3NaO3S) CAS No. 547–58-0, 
and direct green (DG, C34H21Cl2N7Na2O8S2) CAS No. 6486–55-1 were 
mixed at a concentration of 10 mg/L, respectively. MgAl and MgAl- 
charcoal activated (20 mg) were added to 20 mL of dye mixture and 
shaken for 5, 10, 15, 20, and 25 min. Wavelength scan measured using 
Spectrophotometer UV–vis (350–700 nm). 

2.5. Determination of pH optimum and pHpzc 

The optimum pH was studied to find the most absorbing dyes. The 
adsorbents were applied to 20 mL of dye at different pH levels ranging 
from 2 to 10. To modify the initial pH, HCl 0.1 M or NaOH 0.1 M was 
added. The mixture was then stirred for 2 h. pHpzc was obtained using 
the standard pH-drift technique. 20 mg of adsorbents were added to 20 
mL of 0.1 M NaCl at pH values ranging from 2 to 11. To modify the initial 
pH, HCl 0.1 M or NaOH 0.1 M was added. The mixture was then stirred 
for 24 h. Each NaCl’s final pH is tested. 

2.6. Adsorption of direct yellow 

Adsorption parameters were investigated, such as time (0–150 min), 
temperature (303–323 K), and initial concentration of DY (20–100 mg/ 
L). DY was analyzed using a spectrophotometer UV–Visλ = 398 nm. The 

Fig. 4. SEM images and diameter distribution of MgAl (a), Charcoal activated (b), MgAl-Charcoal activated (c).  
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adsorption capacity (Qt) for t time (mg/g) is determined following 
equation: 

Qt =
(C0 − Ct) × V

W 

where C0 and Ct are the initial concentration and concentration for t 
time of DY, respectively (mg/L); V is the volume of DY (L); W is the mass 
of MgAl, Charcoal activated, and MgAl-Charcoal activated, (g). 

3. Results and discussion 

3.1. Characterization 

The XRD diffractogram of MgAl from JCPDS No. 22–700 was studied 

Fig. 5. Wavelength scan of anionic dyes on MgAl (a) and MgAl-Charcoal activated (b).  

Fig. 6. Ph optimum (a) and phpzc (b) of adsorbents.  

Table 2 
Kinetics parameters for the adsorption of direct yellow.  

Kinetic 
Parameter 

Parameter Adsorbent 

MgAl Charcoal 
activated 

MgAl-Charcoal 
activated 

PFO Qeexp (mg/ 
g)  

17.725  15.714  22.751 

Qecalc (mg/ 
g)  

21.568  19.724  23.185 

k1 (min− 1)  0.025  0.027  0.022 
R2  0.960  0.965  0.997 

PSO Qeexp (mg/ 
g)  

17.725  15.714  22.751 

Qecalc (mg/ 
g)  

27.778  25.189  31.447 

k2 (g/mg. 
min)  

0.0004  0.0005  0.0006 

R2  0.979  0.982  0.999  

Fig. 7. Effect of contact time in adsorption of direct yellow.  
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[31]. MgAl-Charcoal activated exhibited characteristic peaks at 2θ =
10.85◦ (003), 21.64◦ (002), 34.60◦ (015), and 60.65◦ (013) (see 
Fig. 1). The diffraction peaks indicate crystal planes of MgAl at 2θ =
10.85◦ (003), 34.60 (015), and 60.65◦ (013) [32]. The diffraction 
peaks at 2θ = 21.64◦ (002) suggest the presence of carbon in charcoal 
activated and interlayer spacing from MgAl [33,34]. 

Fig. 2 shows FTIR absorption spectra of MgAl-Charcoal activated 
typical absorption at 3448, 1635, 1381, and 601 cm− 1. O–H stretching 
vibrations in the hydroxyl layer (MgAl-OH) comprised the 3448 cm− 1 

absorption band [35]. The peak at 1635 cm− 1 is attributed to stretching 
the C––C bond and interlayer water in charcoal activated and MgAl, 
respectively [36]. The band at 1381 cm− 1 is due to NO3

– in the MgAl 

interlayer [37,38]. Al-O and Mg-O bonds in LDH are responsible for the 
peaks that occurred at 601 cm− 1 [39]. 

Fig. 3 depicts the N2 adsorption–desorption of MgAl, charcoal acti-
vated, and MgAl-Charcoal activated. The profile N2 adsorp-
tion–desorption materials exhibited type IV isotherm and H3 hysteresis 
loop, classifying materials as having a mesoporous structure (pore size 
range 2–50 nm) [40,41]. Table 1 summarizes the materials’ surface 
area, pore size, and pore volume. The surface areas of MgAl, charcoal 
activated, and MgAl-Charcoal activated were at 8.963, 757.845, and 
1449.020 m2/g, respectively. The surface area of MgAl expanded 161 
times after being combined with charcoal activated. The pore size of 
materials was between 2 and 6 nm, confirming mesoporosity, and was 
distributed as follows: MgAl > charcoal activated > MgAl-Charcoal 
activated. The pore volumes of MgAl, charcoal activated, and MgAl- 
Charcoal activated were 0.028, 0.760, and 1.409 cm3/g, respectively. 

Fig. 4 shows the surface morphology and diameter distribution of 
MgAl, charcoal activated, and MgAl-Charcoal activated. The typical 
MgAl, charcoal activated, and MgAl-Charcoal activated surfaces are not 
uniform in size and shape. The average diameter distributions of MgAl, 
charcoal activated, and MgAl-Charcoal activated are 14.09 nm, 12.43 
nm, and 12.24 nm, respectively. Compared to MgAl and charcoal acti-
vated, MgAl-Charcoal activated had a smaller diameter distribution. 

3.2. Selective adsorption of anionic dyes 

Wavelength scans for the selective adsorption of direct yellow (DY), 
methyl orange (MO), and direct green (DG) are depicted in Fig. 5. MgAl 
and MgAl-Charcoal activated absorb DY more than MO and DG. The 
significant drop in DY concentration suggested that the DY structure was 
smaller than MO and DG. In addition, DY in adsorbents has greater 

Fig. 8. Effect of initial concentration MgAl (a), charcoal activated (b), MgAl-Charcoal activated (c).  

Table 3 
Isotherms parameters.  

Adsorbent T 
(K) 

Langmuir Freundlich 

Qmax kL R2 n kF R2 

MgAl 303  97.087  0.030  0.924  1.110  1.972  0.850 
313  101.010  0.034  0.872  1.911  8.523  0.826 
323  92.593  0.050  0.975  1.463  5.299  0.961 

Charcoal 
activated 

303  71.429  0.022  0.993  1.120  1.750  0.969 
313  66.667  0.040  0.999  1.325  3.344  0.947 
323  54.348  0.079  0.962  1.583  5.636  0.939 

MgAl- 
Charcoal 
activated 

303  133.333  0.064  0.964  1.888  10.193  0.752 
313  98.039  0.101  0.941  1.883  11.719  0.773 
323  85.470  0.050  0.891  3.104  23.545  0.738  

Table 4 
Several adsorbents to adsorption of direct yellow.  

Adsorbent Qmax (mg/g) Ref. 

Zeolite  83.33 [47] 
Nano bentonite  86.008 [48] 
Biomass magnetic composites  119.1 [49] 
Cotton fiber  83.179 [50] 
Polyethyleneimine treated  65.8 [51] 
ZnS: Mn nanoparticle loaded activated carbon  90.05 [52] 
Activated carbon from orange peel  75.76 [53] 
MgAl  101.010 This study 
Charcoal activated  71.429 This study 
MgAl-Charcoal activated  133.333 This study  

Table 5 
Adsorption thermodynamic parameter.  

Adsorbent Δ H (kJ/ 
mol) 

Δ S (J/ 
K.mol) 

Δ G (kJ/mol) R2 

303 K 313 K 323 K 

MgAl  9.449  0.033  − 0.484  − 0.812  − 1.139  0.994 
Charcoal 

activated  
10.901  0.037  − 0.243  − 0.611  − 0.978  0.996 

MgAl-Charcoal 
activated  

10.427  0.041  − 2.115  − 2.529  − 2.943  0.999  

Fig. 9. Regeneration of adsorbents.  
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electrostatic interaction and hydrogen bonding than MO and DG. 
Consequently, direct yellow is applied in the adsorption process. 

3.3. pH optimum and pHpzc 

The pH impacts the degree of ionization of the dye and the surface 
charge of the adsorbent, which has a substantial impact on the adsorp-
tion capacity [42,43]. The effect of pH on the adsorption of direct yellow 
is depicted in Fig. 6a. The optimum pH of MgAl, charcoal activated, and 
MgAl-Charcoal activated was determined to be 2, 6, and 6, respectively. 
pHpzc is the neutral point with neither a positive nor a negative charge. 

There is no movement of H+ ions at the meeting point between the initial 
and final pH; hence this meeting point is the pHpzc. As shown in Fig. 6b, 
the pHpzc of MgAl, charcoal activated, and MgAl-Charcoal activated 
were pH 9.18, 6.14, and 9.18, respectively. Adsorbents are positively 
charged in solutions with a pH lower than pHpzc and negatively charged 
in solutions with a pH greater than pHpzc [44]. 

3.4. Adsorption of direct yellow 

Adsorption process considerations include the kinetic study. An 
excellent adsorbent has a high rate of adsorption and a high level of 
efficiency. The adsorption kinetics model includes pseudo-first-order 
(PFO) and pseudo-second-order (PSO) to demonstrate the connection 
between contact time and adsorption capacity. The correlation co-
efficients (R2) of MgAl, charcoal activated, and MgAl-Charcoal activated 
at PSO > PFO are displayed in Table 2. The correlation coefficient 
revealed that the adsorption of direct yellow followed PSO (see Fig. 7). 
PSO indicated that chemisorption might be the dominant adsorption 
[45]. 

The isotherms study investigates the mechanism of adsorbent- 
adsorbate interaction. In process adsorption, the isotherm parameter 
can be studied using a variety of initial concentrations and temperatures 
(See Fig. 8). The Langmuir and Freundlich model was applied for this 
study’s adsorption isotherm. Table 3 displays the correlation coefficients 
of MgAl, charcoal activated, and MgAl-Charcoal activated at Langmuir 
> Freundlich. The correlation coefficient value indicated that the 
adsorption of direct yellow follows the Langmuir isotherm, which entails 
monolayer adsorption with evenly distributed active sites on the surface 
of the adsorbent [46]. The maximum adsorption of direct yellow capa-
bilities of MgAl, charcoal activated, and MgAl-Charcoal activated were 
101.010 mg/g, 71.429 mg/g, and 133.333 mg/g, respectively. Table 4 
compares the adsorption of direct yellow by various adsorbents. 

The thermodynamics study investigated adsorption’s spontaneity 
and heat changes. The positive value of ΔH in Table 5 implies that the 
adsorption is endothermic [54]. When adsorption occurs on adsorbents, 
ΔS is a spontaneously positive value showing an increase in the degrees 
of freedom of the direct yellow [55]. ΔG is negative, indicating that 
spontaneous adsorption of direct yellow occurs. As the temperature 
rises, the growing negative value of ΔG shows that the adsorption pro-
cess is more spontaneous [56,57]. Fig. 9 depicts the regeneration of 
MgAl, charcoal activated, and MgAl-Charcoal activated in direct yellow 
adsorption–desorption cycles. In the fifth cycle, the regeneration effi-
ciency of MgAl, charcoal activated, and MgAl-Charcoal activated 
decreased from 70.652 % to 29.762 %, 68.711 % to 37.785 %, and 
92.003 % to 66.382 %, respectively. These findings show the effective 
regeneration of MgAl-Charcoal activated for adsorption of direct yellow. 

The proposed adsorption mechanism of direct yellow on MgAl- 
Charcoal activated is represented in Fig. 10. pHpzc can show the 
mechanism for adsorption of direct yellow [58]. pHpzc (point zero 
charges) of MgAl, charcoal activated, and MgAl-Charcoal activated were 
pH 9.18, 6.14, and 9.18. Meanwhile, the optimum pH was at 2, 6, and 6, 
respectively. When the optimum pH = pHpzc, only physical adsorption 
occurs; when the optimum pH ∕= pHpzc, both physical and chemical 
adsorption occurs. In this study, the optimum pH < pHpzc on MgAl, 
charcoal activated, and MgAl-Charcoal activated to indicate that 
chemical and physical adsorption occur, and the adsorbent surface is 
Mg2+ and Al3+ in LDH, resulting in a positive charge that will interact 
electrostatically with the anionic of direct yellow. Additionally, 
hydrogen bonding and π-π interactions in the aromatic ring in direct 
yellow and adsorbent might influence the adsorption mechanism. As 
displayed in Fig. 11, IR spectra after adsorption support the adsorption 
mechanism. The new peaks at 783 and 979 cm− 1 indicated electrostatic 
interaction between MgAl-Charcoal activated and direct yellow. In 
addition, the new peak at 1163 cm− 1 suggested S–O stretch vibration 
from direct yellow. 

Fig. 10. Proposed adsorption mechanism of direct yellow on MgAl- 
Charcoal activated. 

Fig. 11. IR spectra of MgAl-Charcoal activated before and after adsorption.  
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4. Conclusion 

Preparation of MgAl-Charcoal activated was successful with char-
acterized using XRD, FTIR, BET, and SEM analyses. Selective adsorption 
of anionic dyes shows that direct yellow is more selective than methyl 
orange and direct green. Adsorption of direct yellow on MgAl-Charcoal 
activated has a maximum adsorption capacity of 133.333 mg/g. In the 
fifth cycle, the regeneration efficiency of MgAl-Charcoal activated 
decreased from 92.003 % to 66.382 %. These findings show the effective 
regeneration of MgAl-Charcoal activated for adsorption of direct yellow. 
pHpzc can establish the mechanism for the adsorption of direct yellow. 
Electrostatic interaction, hydrogen bonding interactions, and π-π in-
teractions in direct yellow and adsorbent might influence the adsorption 
mechanism. 
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